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CLRN Aecelorator JM/&/@/&

CERN Accelerators

(not to scale)

s Protons are obtained by
removing electrons from
hydrogen atoms. They are
injected from the linear
accelerator (LINAC2) into P L ey e
the PS Booster, then the
Proton Synchrotron (PS),
followed by the Super
Proton Synchrotron (SPS),
before finally reaching the
Large Hadron Collider o
(LHC). L e e o

AD: Antiproton Decelerator

0.87c by here

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS5: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cern Neutrinos to Gran Sasso
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Start the protons out here


http://public.web.cern.ch/public/en/research/PS-en.html
http://public.web.cern.ch/public/en/research/SPS-en.html
http://public.web.cern.ch/public/en/research/SPS-en.html
http://public.web.cern.ch/public/en/LHC/LHC-en.html

LHCD

[he LHC

= pp collider maximum energy of 14 TeV,
luminosity goal of £=1034 cm?/s

m http://hepoutreach.d

s Achieves high < [ —SSG

by colliding many bunches at 25 ns intervals. At

1034 there are 23 interactions/crossing
Sohool on Flavour Péy&/a&, Bern S //, June 2070 3



http://hepoutreach.syr.edu/

LHCD

Short ﬂe@a@b Lion af [HC

s Need to bend beam in a circle "=
to keep it in the machine. For | G\
the “LEP” tunnel, 27 km et <
circumference, B = 8.3 Tesla ‘ K

= To lower operating costs use

superconducting Ni-Tn
magnets operating at 1.9 °K

s Numbers: 1232 two-in-one
dipole magnets, 14.3 m long

= Also other “optical” magnets

Sohool on Flavour /Dé%&/a&’, Bern S //, June 2070 p
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P] Bunct Structure & L a/f(/}m@/b‘%

High luminosity is achieved by colliding 2808
bunches. At design L each bunch has 1.1x10""
particles, making for a total energy per beam of
350 MJ. (TNT is 2.7 MJ/kg)

= The luminosity in a collider is given by

nn
L= f T where f is the collision frequency, n, & n, are the #
4 no,0, of protons/bunch, & o,, o, are the beam widths

= Special magnets near the interaction region
(quadrapoles) “squeeze” the beam

= The entire physics of the machine is quite
complicated and important

Sohool on Flavour /Dé%f/a&, Bern S M Uune 2070 5
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P‘I Mactine }Dé%‘f/'&f
m Particles move in a magnetic field and energy

is provided to make up for synchrotron
radiation losses due to circular motion. In
terms of motion along the radial arc of the
machine, we have

X(s) = Ay B(s) cos|p(s)+ 5]
s The g function describes the motion & is

made small where the beams ccz)llide. The
emittance is defined as , — ;%

(same for ¢,) A,

Sohool on Flavour /Dé%f/a&, Bern S M Uune 2070 6



LHCD /m/}m@/&‘f Linitations

. nn
m Wecanwrite L=f =
4eBe,p,

» ldea to make 3’s and ¢’s small at interaction

point
= Limitations
o Imperfections in magnetic guide file
o One beam acts like a magnetic lens on the other
o Resonant oscillations can disrupt beam

Sehool on Flavowr Physics, Bern SW, June 2070
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Optics and B*

a For several weeks we routinely squeeze 3* at the IPs all in parallel to 2 m.

O One intermediate stop for orbit correction & final collimator (tertiary
collimators near IRs) adjustment.

— LHC Beta* Viewer =]
4&“ mto2m _
l/\-‘alues rR:ig;rCurrems | Stop at 5 m for
S e | orbit correction
10 7 BetafiF- Values and collimators
10mto2m
8
7
B* i
54
ad
I 4
2] Y =>
6;;, 6,;‘!6 er’;:’ d QQ %ﬁé‘, d ’\Q %m}" Q "1? %;'qf’
Beta* IP1 [m] 2.0 Beta* IP2 [m] 2.0
Beta* IP5 [m] 2.0 Beta* IP8 [m] 2.0
034710 - Beta* Viewer Frame logded. . 7
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The hump...

Q Fast (but low amplitude nm to um) vertical oscillation of the beams.
O Sometimes it is present, sometimes it is not.
O Beam 2 is more affected...
A The frequency changes slowly (7-8 minute period), and when the
frequency coincides with the tune it leads to emittance blow-up.
>> we are still hunting for the source....
@ 0.06 ﬁiﬁ?;l.—g 1.3
2 30— 31
= : é—; 1.2
= 2898 145
o 0.03 mﬂ 26 © = 1.1
'é 245 =105
c &= —1
S M"H 22 T =095
O i el 20 & —=09

20
time [hours]

rtesy R. Steinhagen
Courtesy R. Steinhage Sehool on Flavowe Physics, Bern SW, Jue 2070 10
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5N dz Cross Sections

m Def: “Effective area for scattering by a target
particle of a beam particle.” Related to the
probability of an interaction

= Cross sections at 7 TeV (1 barn = 1024 cm?)
a Total 90 mb, Elastic 26 mb
o Single Diffractive 9 mb, Double Diffractive 9 mb
o “Hard Inelastic” *50 mb

s At L=103%* cm?/s there are ~20 inelastic

collisions per crossing (30 MHz of filled
bunch collisions) Single diffractive

s LHCDb plans to run at 2x1032

Sohool on Flavour /p@&/’a&, Bern S M Uune 2070
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107 e -
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ALl ga/r(/ﬁme/( s af the Cross-Sectlion

100_— G (]Ilb) DL

Single Diffraction (SD)

Tevatron,_.--"'i"'J'
80
p
» 60 | m
. g, only
40 —E-‘ l
Also, Double 7
Diffraction (DD)
20 |

Vs (GeV)

Sehool on Flavour /Dé%f/a&, Bern S //, June 2070 73
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Pﬂ 5&/@& ted /@W(/}y Conditions

Luminosity 2x1032 cm?/s at beginning of run
m Take o = 60 mb, [o(total)-c(elastic)-c(diffractive)/2]
= Account for only 29.5 MHz of two filled bunches

= Most xings don't have :
an interaction

= Need 15t |level trigger
“LO” to reduce data by |
factor~30 to 1 MHz

s Higher Level Triggers
reduce output to 2 kHz

Bat )
0.6

Fractlon

0.2

| A &

® L=2x10" cm¥s

|
0

0
Sohool on Flavour péy&/o&; Bern S //, Uune 2070
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Focent /@M/}y Condiions

= Much fewer bunches, so lower luminosity

s BUT current in the bunches is close to or
even higher than expected at nominal LHCb
conditions

s SO if you subtract out the bunch crossings
where nothing happens, you have ~20% of
the bunch crossing with interactions having
more than one interaction!

= Why is this a problem?

Sehool on Flavour /Dé%f/a&, Bern S M une 2070 75
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P‘I Mactive Status
s Running at 7 TeV (3.5 TeV/beam). Many

fewer bunches so far but luminosity is
increasing according to plan

= Past problems

s Current worry: beam is lethal to both
experiments & magnets

Sohool on Flavour /p@&/’a&, Bern S M June 2070
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How are b yaaﬂ&’ /Wm’aaea’

s Diagrams gluons
000 5 00 - 000000 Q . Q
MALALAA A M A A LA Lo
O
/ Xy,
N
o, 0000
_ LA _
noN
nooonan 0000¢0°¢0 Q l‘.-}l'} Q
P T T Y I IV PR T T T R VR T Y,
M A A _/I’\. v Q MR A A A A -

= "Gluon fusion” is the largest diagram

s Calculations are difficult, done in perturbative
expansion to NLO. In LO Ellis et al predict
o(pp—bbX) =111 mb, and 332 mb at NLO

Sehool on Flavour Physics, Bern S W June 2070 77
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Pﬂ Keally lots of diagrams!/
>m-mr< E: = For details see: P.

Nason, S. Dawson and
R. K. Ellis, Nucl. Phys.
; B303, 607 (1988), ibid.,
g Q M B327. 49, (1989);
ga?fg: Q g o = M. Cacciari, M. Greco

b) and P. Nason, J. High

q>n-nm‘<%v 9 Q Energy Phys., 9805
q 5 J 0 (1998) 007.

Sehool on Flavour /Dé%f/a&, Bern S //, June 2070 78



EGR Fast Measurements

= Highest energy at 1.96 TeV in pp collisions
s Generally results available for limited rapidity

ranges. i (E+ 0,

o Def. Rapidity: Y =510 == 3
to the beam direction. Generally refers to a
reconstructed B meson

o Other variable used would be p;,

0 Also use n = -In(tan(6/2))

o ldea is that particle production is flat in n and
exponential in p;

j - where ¢ refers

Sohool on Flavour /p@&/’a&, Bern S M June 2070
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y» / ﬁmtﬁm/

—- = QGEM-, w=0.1
=== QGSM-, w=0.0
m— QGEM-, w=0.1
m  Tewatron CDFII
] Uncertainty NLO

E _—e QEB“'L m= [L'l
- ---- QGSMH, o =0.0 ’
1,73, —— QGSMAI, ©=0.1 7,
P & m  Tewvatron CDFI 1 ﬂs
107+ —--- NLO 0

o ] 777 Uncertainty NLO >

> a S
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g 0
? > 10°
5 § -
I}
g : %
el g 107y [==e QGSM4 “ /‘%
. ] ——  QGSMHI -
T = L4 .
10 Uncertainty o = © T MOk +
> Uncertain -
2l Ami] BTN\

2 4 6 8 10 12 14 16 18 20 22 2 4 6 8 10 12 14 16 18 20 22
p, GeVic p, GeVic

7 times the energy, yet not very different

Sohool on Flavour /Dé%f/a&, Bern S //, June 2070



LHCD

ﬁm/aaﬁ/&m& with ﬂewy

1ol

i0~1

do/dpy(1/¥) BR{I/¥=uu) (nb/GeV)

g3

FIGURE 9.

= |

- Points: CDF
. Curves: FONLL

polT/4) (GeV)

E o(p(J/¥)>1.25 GeV) BR: E
[ 19.9%3% nb (CDF) ]
_ 18.3725 nb (FONLL)

E Solid histogram: MC@NLO, 17.2 nb, ' EE
- Dashed histogram: MC@NLO, 16.4 nb P

CDF J/y spectrum from B decays. The theory band represents the FONLL systematic
uncertainties, as described in the text. Two MC@NLO predictions are also shown (histograms).

Sohool on Flavour /Dé%f/a&, Bern S //, June 2070

23



LHCD
|- )

[ e Standwd Model & B Dec ays

= Theoretical Background

o Physical States in the Standard Model

u C tj
.Uy, ds, Cq, So. 1L, D
» Ups LRy 9> Re PR
(d]L[SjLKb L ORER

o The gauge bosons: W=, vy & Z° and the Higgs H°
o Lagrangian for charged current weak decays

g i
L =———J”W'+h.c.
cC \/5 ccC” " u
o Where -
Jézz@@,gwtg)yﬂ

\/AANI

/eL\

H

L)

(d )

KbL/

VIVIINO

Sehool on Flavow Physics, Bern-SW,une 2070
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The CAM Matris

(Vud Vus Vub\
VCKM — Vcd Vcs Vcb

\th Vts th Y,
m Unitary with 92 numbers — 4 independent
parameters

= Many ways to write down matrix in terms of
these parameters

Sehool on Flavowr Physics, Bern SW, June 2070



el Farame terization ﬁf the CAM Matric

m Wolfenstein parameterization good to A3 in real

part & A° in imaginary part
d S
u 1— A2/2 A AN3(p — in)
C )\ 1224 _ AN?
Vo= § \ AN —p—in) —AN + | ' ' 1—. |

m A, A, p & are fundamental constants of nature!

Sehool on Flavour Péy&/a&, Bern S //, June 2070 2



LHCh Weak féa/?ea/ Current ﬂwaf&
n |t al

| starts with muon decay

Mz%ﬁzyx (1-vs)u,u.y" (1-ys)v,
dr, = (2m)*8*(p, +, + P, —P,) ¥ b=

m, m, m, M, d'p, &', B,

E. E, E E, 2’ 2n° 2m A ‘tree level” diagram
L' = 1;;% mfl X (phase space) x (radiative corrections)

= Since I' et =N, (Wwhy?) measuring the
muon lifetime gives G,

Sehool on Flavour /p@&/’a&, Bern S M June 2070 27
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cfa/r(/%//& tonie I Dec ay

= S quark charged current
decay

(e ¢))

e
VUS W —
K{5= \pf\f<\v
\\L_d Tco
= If we didn’t have to worry about the fact that the

s quark is paired with a u quark to form a K- &
that a uu forms a n°, we could measure the

decay rate for K"—n°ev by measuring the K
lifetime & the branching ratio & then find |V |

= Taking into account the hadronic physics we find
|V <[=2=0.2205+0.0018

Sehool on Flavour /p@&/’a&, Bern S M June 2070 28
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fe/ﬂ/%//ﬁ tonie 5 Dec ays

m Two CKM elements can

be measured, V, & V - AU T

s Necessary ingredients l_) v

o B lifetimes i—\c oru
q

o Branching fractions
o Theory or Model to take care of hadronic physics

Sehool on Flavowr Physics, Bern SW, June 2070
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B Dec ay ﬂ/'a}/‘am

= Each diagram
contributes to A UCeUT

W » W' _coru
the decay b ds v 2o Eu c
width e T

. . imol tat b) hadronic: colorsu ressed
s a) is dominant & SMPesetEr ) PP

b W~ roc D »-COru
i O, W
Nodreot  “alfactine g
evidence for c) ¢ aminilation d) W exchange
or d)

i > .
= More diagrams d_<_§ £ b & teu

sdy
for baryons €) box. mixing f) :jzaagab‘qu

Sehool on Flavour Physics, Bern S W June 2070 30
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ok -E” /%&//g//

m B° can transform to BO like neutral K’s
t.c,u

tCU‘ :::: |tCU- é é
,C,Uu

= The eigenstates of flavor, degenerate in pure
QCD mix under the weak interactions. Let
QM basis be {|1>,|2>}= {|B°>,|B°>}, then

H=M—1F=(Mil M12]_i(ri1 Flzj
2 M, M, ) 2\, I,

Sehool on Flavour Physics, Bern S W June 2070 37
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//0/% on /%/,v//y

R= prob B°—B°/ prob B°—B°
m First seen by ARGUS

» P(B°—>B°)=0.5I'e T

» Where Am=is the mass
difference given after
diagonalizing H, between

. OPAL

[1+cos(Amt)] R

the Heavy & Light
eigenstates

Sehool on Flavowr Physics, Bern SW, June 2070
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Pﬂ 5 / ///’W’Cf’ i the Standard Model

Relation between B mixing & CKM elements:
Am G: 2
= F = 6; By f2 MpTy thth m F[m%; Nocp

F is a known function, nqgcp~0.8

m By and fg are currently determined only
theoretically

o in principle, fg can be measured, but its very
difficult, need to measure B° —/v

o Current best hope is Lattice QCD

Sehool on Flavour /p@&/’a&, Bern S M June 2070 33
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/%/‘6 on 5 /%//v//y
u.c.t b"d

= B° mixing measured by ARGUS ; Efé EW;(-E
in 1987 -

1 [ T T T | T T T | T T T | T T T | T T T | T T T

s Am=0.507+0.004 ps! os} BABAR

5 06 - _
(current world avg) £= ﬂ-dm 4
o5 0.2 + ’ 3
2 g<) C / ]
E| E o | - i
DTI :C) 0.2 -
= 04Ff ;
O oef E
08 [ P(t)~1+cos(Amet) E
What we are P T R R
interested in 0 2 4 6 8 10 12
= |At] (ps)
m Am n?
Td= """ = NQCD

LBl May 72, Z00Pheoretically determined parameters 54




ﬁl‘?’] 5 ) /%é//y i the Standard Model
A

2 2 2
s ;l’ls :%BBsfésmBSTBS mtzF[I:%;JnQCD
= B, msixing IS measures the ratio of V,,/V.,
which gives the same essential information
as B4 mixing alone, with smaller theory errors
0 [Vigl=A2A4(1-p)?+n7]
a0 [Vl IVil*=[(1-p)?+n?]

o Circle in (p,m) plane centered at (1,0)

V:l; Vts

X

m Lattice best value for Unguenched

f. /B arXiv:1001.2023
E=—N_"5 -113+0.12

. de\/g

Setool on Flavow Physics, Bern SW, June 2070 35
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//Wa on 5 ¢ /%/,v//y

s Measured by CDF in 2006

P(t)~1+cos(Am.et). A=1 is signal, A=0 elsewhere

[*]
™

=Y

23 Ve

: %
o 1F 2 f
T [ - N
2 | g0
L = 1 \
< -1} s —e— data }
| | | | 2_ —— cosine with A=1.28
G 5 10 15 20 25 '30 0005 61 015 02 025 03 035
Am [ps'] Decay Time Modulo 2r/Am [ps]
4+0.33 - 1
Amg = 1731775 £ 0.07 ps
2
AL (o1 =
’V B. f:m, 7
ts Bs Bs Bs Bs

a circle in the p—m plane centered at (1,0)

36
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CF Viobation i b a(waf

m C takes particle to antiparticle, P takes r to -r

x Complex phase in CKM matrix = CP

Violation

o Consider the case of a process B—f that goes via
two amplitudes « & ¢.

= [(B—f=(

| f(B—) )=(
m F—f=2|¢%

¢| ei(SatWa)4- | gl ei(sz+wz))2
¢|ei(S¢'W¢)+ |%|ei($%-W£) )2

sin(s,- s,)sin (w_- w,)

= Note, it's only the complex part of V., that causes this

o One of the

two amplitudes could be from mixing

Sehool on Flavowr Physiis,

Bern f/{[ June 2070 37
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Pﬂ CHV i géa/yea/ 5 a/eaa%@
s Consider charged ®@
Kn decaysh e _"&}

m For K'n°, there

L
e

are 3 diagrams, " W'
but only 1 for Koz~ =~ H}K *%{K
= Therefore, we <u™

expect CP violation in K'z° but not in K°r

= However, because we don’'t know strong

phases its difficult to get useful info on weak
phases

/lid

Q. O |wn

-

Sehool on Flavowr Physics, Bern SW, June 2070
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CE i B Dec ays. Formalism

= Consider B° & Be states (either B, or B,)

= These obey a Schrodinger equation

igﬁ: y m:(M _irjm with M & I" being 2x2

dt b b 2 )b .. .

Hermitian matrices

= Diagonalizing M-(i/2 T') M, =Ty M=o,
yields Mass eigenstates | w;-'r;, w,-Ir,

BE?=p B°>+q ]§°>, B‘,Q>=p B°>—q 15_3?, p\2+\q\2 =1

= Note the physical quantities related to oscillations
are [My,|, |[I'y5| & ¢pg=arg(- M,/ T'y,)

Sehool on Flavour /p@&/’a&, Bern S M une 2070 39
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B CF Formabism (1

s For CP not being conserved
‘BL>:p BO>+q EO>9 H>_ O>'q

= where - 1" L _ I8

V2 \/1+‘8 \/_ \/1+ € ‘
m CP is violated if eg#0 or |g/p| # °
q j 4 - 4Re(ey)

a, =2 1-|—
sl ( p l—l-‘gB‘z

= Time dependence is given by
‘ BL ('[)> _ e—FLt/zeimLt/z ‘ BL (O)>, > _ e—FHt/zeimHt/z ‘ BH (O)>

Sehool on Flavowr Physics, Bern SW, June 2070 0
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LHCD

Pﬂ B CF Formalism (11

This leads to the time evolution of flavor as

| ( R
B (t)) = e "> cos oMt B°(0)>+iﬂsinﬂ B°(0))

. 2 b2 )
( h
Do —(IAM+T/2)t | & p ; Amt 0 Amt DO
B°(t)) =e ™2 i Zsin ——|B°(0)) + cos——| B°(0)
> . a2 > 2 >)
= Probability of a B° decay is given by
<Be(t)|Bo(t)">

Sehool on Flavowr Physics, Bern SW, June 2070 47
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./

m [hese are related to the measurable
guantities 2 M12\=A|V| =M, -M,

2|0 ,|cos¢g=Ar =T, T,
= Another quantity of interest is

I
L ‘ 12‘ sin¢:£tan¢
MIZ ‘MIZ‘ AM
= Which characterizes CPV in flavor specific
B—f. Generally Be—>X/-v, Be—>X/* v

= Here |A(B—f)|=|A(B—f)|, which is not always
true (Homework: Give an example when it isn’t)

a, =Im

Setool on Flavow Physics, Bern SW, June 2070 p
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0, /!

s Then . _F(|§—>f)—F(B—>f_)
' r(B— f)+F(B—> f_)
= Which is the asymmetry in wrong-sign decays
& measures the CP violation in mixing

s As an example take f to be a semileptonic
decay such as B,—»D u*v.The measurement is
to see an asymmetry between D_,*uv and Dy
utv. Can use other decays.

= Homework: What are AM, AT & for B, & B,
systems”? Any guesses as to a ?

Sohool on Flavour /Dé%f/a&, Bern S M Uune 2070 43




LHCD .
Pﬂ ﬂ//@/ﬁ Lon asgmme If/‘% a/m/ a.y
m First of all, an experimental quantity of
interest is the dilepton asymmetry
I'bb— utu™X) —T'(bb— u u X)
I'bb— u u™X)+T(bb— u u X)
_ PrsT'ws — TrsTws

T+ rt - 17—
FRSFWS T FRSFWS

AsL

- - _ T+
= Since 1 =13, wehave

_|_ . —
- Tyvs = Ty SO can measure

AsL i + Do either single or

dimuon asymmetry
Sohool on Flavour /p@&/’a&, Bern S M June 2070 4
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New /Dé%&/a& and a,

. AT Al
= Since g, :mtan¢:mtan(¢w + e )

= \WWe know AI'/AM, & can predict ¢y,
0 for By ¢gy(d)=-0.09+0.03 = a_=(-4.8+1.1)x10*
o for B, ¢gy(s)= 0.0042+0.0014 =
a=(-2.06+0.57)x10-5
= Same ¢\p Would appear in CP violation in
B.—J/v ¢.

= Many theoretical papers on NP have appeared

Sohool on Flavour /p@&/’a&, Bern S M June 2070 5
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CRix B ﬂway@

s Use the mixing amplitude
o For B, generates an asymmetry ~sin(2[3), where
sin(2B)=—2(1-p)n/[(1-p)*+n?*]
o Asymmetry means I'(B° — f)-I'(B° — )
a —
['(B° = H+I(B° — 1)

o For a CP eigenstate f = f
o Homework: Which of these is a CP eigenstate

s B%ontn ¢ Kot & B> Jly K|
s B%>ntnne ¢ KO>ntnn® & BeoJhy ¢
= By ¢ B°—>pon® & BP—pop°

Sehool on Flavowr Physics, Bern SW, June 2070
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LHCD CF wiolation using CF egenstates

= We will use the direct decay for one
amplitude and mixing for the other one
= Define
0 A=<f|H|Bo>
o A=<f|H|B°> B
o |A/A|#1s evidence of CP violation-in-thesdecay
amplitude (“direct” CPV)
= With mixing included, we can have CPV if

A=——=1

Sohool on Flavour /p@&/’a&, Bern S M June 2070 77



SUSRy  CF visttion asing CP efgenstates
r(B°(t)— f)-T(B°(t)—> f)

CP asymmetr =
" Y Yar® (8"~ f)+I(B" M~ f)

= forg/p =1 (1-[4]") cos(amt) ~ 2Im 2 sin(Amt)

a. (t) =
(0 1+\/1\2

= When there is only one decay amplitude, A=1
then a; () = —Im Asin(Amt)

= Time integrated y

a; (t)=-— 5 ImA=-048Im A
1+ X

good luck, maximum is —0.5

Sohool on Flavour /Dé%&’/'o&; Bern S M Uune 2070 "



UJC‘? CF violation af/}g/ CF e@/?/e/(ffd tes (1

= For B,

(V;th )2 . (1 -P-iﬂ)2 _e-ZiB

q_
p

viv [o (1-p+in)(1-p-in)
Im(B} 2(1'2‘))“2 —sin(2p)
q) (1-p) +n :
= Homework, what is q/p for B.? B
= Now need to add A/A 0 p
a for Jhy Kt A ) (VcbV:s )2 3 b %} v
HW: what is A vV 2 d W'::ZS
[Z\/A for 7t ?} b e __\a} Ks

Sehool on Flavowr Physics, Bern SW, June 2070 p



LI‘I C 1‘9 Current Status af CP & Some Other Measurements

SM CKM
parameters are:
A~0.8, 1=0.22, p &

n
CKM Fitter results
using CP violation

in J/y Kg, ptp~, DK,

& & AM,

The overlap region
includes CL>95%

Similar situation
using UTFIT

Measurements
“consistent”

Sehool on Flavour Physics, Bern SW, June . Note:

1.5

1.0

0.5

= 0.0

-0.5

-1.0

-1.5

-1.0

T T T 1 | T T T 1 | T T 1 I(&
excluded area has CL > 0.95 2
1

v

IIIIIIIIIIIII

o
(=3
D
o
,

C(!

% Amy & Amg

€k

sol'w/'cos 2p < 0
(excl, at CL > 0.95)

| fitter

Beauty 09

Y

-0.5 0.0 0.5 1.0 1.5

5=p(1-322) ©
T = n(1-32/2)
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What don T we Know: /Dé%@/é& Ba%wm/
the Standard Model

Setool on Flavow Physics, Bern SW, June 2070



ek /Déff/&& gaywm/ the Standard Moded

s Baryogensis: CPV measurements thus far indicate
(ng-ng)/n, = ~6x10-1%, while SM can provide only
~10-?°. Thus New Physics must exist

s Dark Matter

Observed vs, Predicted Keplerian

o)

B Gravitational
lensing

100 200

Prediction

Fotation Speed (kmise

o ] ] ] | ] | ] | ]
0 10 20 30 40 50
Radius from the Center [kpc)

= Hierarchy Problem: We don’t understand how
we get from the Planck scale of Energy ~101°
GeV to the Electroweak Scale ~100 GeV without
“fine tuning” quantum corrections

Setool on Flavow Physics, Bern SW, June 2070 52
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Flavor Frobloms

= Why do the fermions have their specific
masses? Why are the masses in general
smaller than the electroweak scale?

= Why do the mixing angles (the CKM matrix
elements) have their specific values?

» Is there a new theory that relates the CKM
matrix elements to masses?

= What is the relationship between the CKM
matrix and the neutrino mixing matrix?

Setool on Flavow Physics, Bern SW, June 2070
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Linite on New /Dé%f/&f

s \What we observe is the sum of Standard

Model + New Physics. How to set limits on
NP?

m Assume that tree level diagrams are
dominated by SM and loop diagrams could
contain NP

Vb Orl\)/ub W e;_;llf b _
= s b , W
q - tcu‘ I It,c,u- t]

coru Uy
—4-\ 0 5 b 5 i
q +

Tree diagram example Loop diagram example

Sehool on Flavowr Physics, Bern SW, June 2070
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[ree Level ﬂf%y

s Tree diagrams are unlikely to be affected by physics
beyond the Standard Model

fitter

Y ( (x‘) Beauty 09

0.6
0.5
04

1=
0.3

excluded area has CL = 0.95

0.2

= IIII|IIII|IIII|IIII|IIII|IIII L1l

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

<l
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I=

CF Vietation n 5 & £° &/{Zy

= Absorptive (Imaginary) of mixing diagram should be
sensitive to New Physics

0-7 _ I ! I | 1 I I 1 I I 1 I I I | | —
- | - NOE
o 1
— I fitter ]
0.6 = dj\ v ! Beauty 09 —_
- o ! —_
0.5 o _ : & 7
— @ sin 2'3 : sol. w/ cos 2f < O —
il 1 (exclial €L > 0.95) -
0.4 (—S —
3 —
C o -
03 — SK —
02 — —
0.1 [— \=
= o N
0.0 1 1 1
-04 -0.2 1.0

P
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// éef are Consistent

3 ! il
(= .
— A N fitter -
0.6 = é / ! v(o) Beauyes
- |8 X -
05 ¢ _ l €k —
— @ SN 2 : sol.w/cos2f< 0 -
: '% 1 {excl..at CL > 0.95) :
04 3 —~—= =
gy -
3 -
0.3 — / —
02 — =
o1 - =
B o X
ofo 1L 1 L L | ] L '} L L 1 1 L 'l ! 'l Il L 1 1 T
-0.4 -0.2 0.0 0.2 0.4 06 03 1.0
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Linits on MNew /Dé,&/&/a& /[M/r( 5 /%w//(y

| cluded al eah CL >

s Is there NP in Bo-B° 27

mixing? :
m (B°H3"B°) =AY (BHYL,[B°)
A)" =ReA, +ilmA,

F

£ [

m Assume NP intree
decays is negligible, so
no NP in V], y from
B-—D°oK-. ?

m Allow NP in Am, weak
phases, Ag, & AT

1
—

Re Ay
Room for new physics, in fact

SMis only at 5% c.l.
Sehool on Flavowr péf&’/b&’, Bern S //, June 207 y ° 53




Linits on New /Dé/ymf Freom 5 /%a//y

= Similarly for Bg Jernres

o One CP Violation
measurement
using Bg—>J/y ¢
= Here again SM £
isonly at 5% c.l.

x Much more room

for NP due to /

i -
less precise ;
measurements . :

Note date, much has changed! or has it?
Setool on Flavow Physics, Bern SW, June 2070 59
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it af New /Oé(y@/af; a,

= New DO measurement
= |dea here is to use dilepton asymmetry

Fermilab-Pub-10/114-E

Evidence for an anomalous like-sign dimuon charge asymmetry

We measure the charge asymmetry A of like-sign dimuon events in 6.1 fb~! of pp collisions recorded
with the DO detector at a center-of-mass energy /s = 1.96 TeV at the Fermilab Tevatron collider.
From A, we extract the like-sign dimuon charge asymmetry in semileptonic b-hadron decays: A% =
—0.00957 4 0.00251 (stat) £ 0.00146 (syst). This result differs by 3.2 standard deviations from the
standard model prediction A" (SM) = (—2.31“8:2) x 10™* and provides first evidence of anomalous
CP-violation in the mixing of neutral B mesons.

x Only 3.2 &, therefore a hint to be pursued by
LHCDb

Sehool on Flavour Physics, Bern S W June 2070 60
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New Péf&/'a@ Models

m There is, in fact, still lots of room for “generic” NP

s \What do specific models predict?
o Supersymmetry: many, many different models
ao Extra Dimensions: "
o Little Higgs: "
U
U

Left-Right symmetric models ”
4th Generation models ”

= NP must affect every process; the amount tells
us what the NP is ("DNA footprint”)

= Lets go through some examples, many other

interesting cases exist
Sehool on Flavour Physics, Bern S W June 2070 67
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§ uperSymme 5/%' MNSSH

MSSM from Hinchcliff & Kersting (hep-phooo3o90)
Contributions to B, mixing B.—J/yf, or ¢

b 5, s Db > W_._}S }J’w measures
z teu A t’C’UB 5 t Xt ; CP violating
TAKAT ot <k B I 22

2

CP asymmetry ~ 0.1sin¢ cos¢,sin(Amgt), ~10 x SM
Contributions to direct CP violating decay

B"—¢K" "'%;E § *

Asym=(M,/mg,,n)°SiN(¢ ~O in SM
Sohool on Flavouwr /Dé%m& Bern S // June 2070 62




asLele, f@mﬁgy/ﬂmﬁy: U / 5/ &%/ 2/

SU(5) GUT SU(5) GUT
Degenerate Non-degenerate U(2) FS
015 SU(5)+VR degenerate, u, = 4x 10" GeV 015 SU(S}"'VR non-degenerate, p, = 4x10" Gev UQFS
“Lmp=0 ] “Panp=3 - T 015
i ] 010:_.... N I _: :tanﬁ:BO
010F E T ] 0.10F ]
0.051 g
2 C ] §
—_— 0 - ] I
B S | {0
0,05 T w
= C 1 &
-0.10F -
-0.15f— -
'0.20-'"l"""'l"'l"'- :.\.i.\.l<\.l.\.l..|
0 200 400 600 800 1000 -0.20
0 200 400 600 800 1000
m () [GeV m, () [GeV] 0 200 400 600 800 1000
1\ Mo eV ] m (1) [GeV]

O —2 can deviate from the "SM” value of -0.036 in
%) GUT non-degenerate case, and the U(2)

model. From Okada’s talk at BNMII, Nara Women’s Univ. Dec., 2006
Sehool on Flavour /Dé%f/a&, Bern S //, June 2070 63




2k C{’ Lutra Dimensions

= Using ACD model of 1 universal extra dimension, a
MFV model, Colangelo et al predict a shift in the zero
of the forward-backward asymmetry in B—K*utu-

m /nsensitive to choice of form-factors. Can SM
calculations improve?

0.3 o
= Input AFB (S) L
0.2E- —— LHCb expectation 2.0 fb™' [
“E . 1 10 LHCh ar
0.1 ; [ 2o LHCE ~~
aE % <
0E- 2 3
Arg - gy @ j
-0.F i — 2l
C H-H-“\. [
0.2 e <
E S 1
0.5 ~ i
0.4 L. : : : : :
- | | | | | | | | 0 200 400 600 S00 1000
T L A N 1
q° (G eV¥/c 'l] E (GeiV)
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L{ICI\? Littls 7‘//}}& Model with | /Da/‘/?y

= There exist regions of parameter space consistent with
measurement where large ¢g is predicted & AMg is found
somewhat smaller than in the SM.

= In particular, significant enhancement of ¢5 & the
semileptonic asymmetry ag, (s) relative to the SM are
found

-From Blanke & Buras, SN T |
[hep-ph/0703117]

[y}

sNeed precision %q
measurements of CP f —10}
asymmetry in Bg—Jhyd & .7 _
8Bs—Ds"/"v)- B(Bg—Dg
*v)

Sehool on Flavowr Physics, Bern SW, Vune 2070



The [HOF Detector
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Pﬂ The [HCF Collaboration
= 80

0 Physicists
= 54 Institutes e

i! X _{_QL‘_
= 15 Countries ‘h M

o 1 Group from USA sl

Ntilg
it
'"

. P
v &

o

w
-

.

= Basking in light of 2008 &
Nobel Prize to
Kobayshi & Maskawa, “for the discovery of the
origin of the broken symmetry which predicts the
existence of at least 3 families of quarks”

Sehool on Flavowr Physics, Bern S W June 2070 67



LHCD [etector /@7«/2&%{@/{ 08 - &/f(@/‘d /

s Every modern heavy quark experiment needs:

Q

Q

Vertexing: to measure decay points and reduce
backgrounds, especially at hadron colliders

Particle Identification: to eliminate insidious
backgrounds from one mode to another where
kKinematical separation is not sufficient

Muon & electron identification because of the
importance of semileptonic & leptonic final states
including J/y decay

o v, m° & n detection
o Triggering, especially at hadronic colliders
o High speed DAQ coupled to large computing for data

Q

processing
An accelerator capable of producing a large rate of b’s

Sehool on Flavour Physics, Bern S W June 2070 68



5N ‘?‘12 Basics For Sensitivities

m # of b’s into detector acceptance
= Triggering
= Flavor tagging

= Background reduction
0o Good mass resolution
0 Good decay time resolution
o Particle Identification

Setool on Flavow Physics, Bern SW, June 2070
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LHCD The Forward Direction at the [HC

= |n the forward region at LHC
the bb production o is large

= The hadrons containing the b &
b quarks are both likely to be in
the acceptance

s LHCb uses the forward
direction, 4.9 > n >1.9, where
the B’s are moving with
considerable momentum ~100
GeV, thus minimizing multiple
scattering

s At £=2x103%%/cm>?-s, we get 1072
B hadrons in 107 sec

Setool on Flavow Physics, Bern SW, June 2070

. Pythia production cross section
£ ATy
j ' .
W, ATLAS/CMS
< U E
- 100 pb e
Pr 230 b
10 = i
]. | | I“.i | [ | | ;I-
2 L] n 2 4- 6
Production
Z 0OfBvs B




The [HCh Detector

M4 M>

- M3
SPD/PS HCAL _

ECAL
M1

T3 RICH2

-

Vertex
Locator

..
w
8/
\ = I.
- i
rq =ame) L,
=]
=\ [0
A - g
|

R/ A L
1 fut,, e |

—S5m

S5m 10m
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L H Cb ’e L“w toﬁ /t/amg//y&

LHCb detector ~ fully installed and commissioned > walk through the
detector using the example of a B—~D/K decay

croov on [ vavoar %J’/&S’/ ern , Vane

2070




B-Vertex /”ea@a/‘e/frw(t

Example: B, > D, K

800 _I_Double Gaussianfit | O = 33+1fs
G, = 6713 fs (31%)

o(t) ~40 fs

144 um .

/

47 um

sensors -
K+ 400

_ [)S x\ B 200/
- T -
«-7 dv1lcm ;

440 um |
| —900 —-200 -100 Q 100 200 300
troc— Lyye [15]

—5m —

Vertex Locator (Velo)
Silicon strip detector with vertexing:
~ 5 um hit resolution * trigger on impact paramgter |
> 30 pm IP resolution o %easzremgrﬂm%ﬁf decay distance (time)
2070 73




LIC b %ﬁw/{fm Mf/ /%&2? /ﬂ@d«f’«/‘@/ﬁ@l ¢

Momentum meas. + direction (VELO):
Mass resolution for background suppre

5m —/
Mass resolution

a - mg = 537GeV/
c ~14 MeV /\‘;000- oy = 13.8 MeV/d
- ' . Bs—> Ds K

Bs 2Dsm

X :;._r-m—lq-ri =

mp= 5.42 GeV/c*
CI 24.0 MeV/c?

Prfimary vertex

btag

(o Flavowr /Déy&/b
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Hadron (dex t/f/aa Lion

RICH: K/m identification using Cherenkov light emission angle

vagneic | ——
shiglding _//\
_ R -
Bs 2 DsK Kaon identification performance S
SS flavour tagging F100[ ey e erese e T =
1. T s 1| B
Sk +744 . =
i 80~ P ++ +++'if =
~—L ] =
T~ i
60— K=2>K:96.77 + 0.06% ] |
[ n—2>K:3.94 £ 0.02% i |
- 1 | W
i +++++‘1‘ .
20— +~+.+++ — 0
I e +**s ]
—'ufoﬂ"wﬂw’ av et
u“|||||||||||||||||||
20 40 60 80 100
Momentum / GeV/c \
RICH1: 5 cm aerogel n=1.03
4 m*® C,F;, n=1.0014 RICH2: 100 m3 CF, n=1.0005
Sehool on Flavour lpéyd’/a&; bern SW, June
2070

75




LHCD Fuarticle ident;

1'. v

-

N

WY ‘-\\_

|
|

o
|
A

)

ulligln

/]

—5m —

Calorimeter system :
* |dentify electrons, hadrons, t°,y |
. Levgl Qtrlggerh. hlgrl ETA(‘e!eEtron an hadror17
Sehool on [lavow Fhysies, Dern SW, Uure D
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NUSRy Partiole identifieation and LO tripger

,’ -
%/,
== 74 N
AN
- ! ! \r
A "//:, I \ 1
I5m 20m z
Muon system: B K+
* Level O trigger: High P, muons _— - +
* OS flavour tagging - D, K:

Sehool on Flavouwr /%f&/b&; Bern 1 //, June
2070
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7;7}@/‘/}(}

Trigger is crucial as o is less than 1% of total
o 40 MHz 1 l inelastic cross section and B decays of
! interest typically have £< 10°
)
> e,y had o Hardware level (LO0)
-
Search for high-p; U, e, y and hadron candidates
« 1 MHz
)
S — o Software level (High Level Trigger, HLT)
= = Farm with &2000) multi-core processors
F>J HLT1: Confirm LO candidate with more complete
9 30 kHz Global reconstruction info, add impact parameter and lifetime cuts
%I;, HLT2: B reconstruction + selections
‘— N
2 '% gL0)  gHLT1)  &HLT2)
Electromagnetic 70 %
Hadronic 50 % > ~80 % >~90 %
2 kHz
l Muon 90 %

Storage: Event size ~35kB
Sehool on Flavowr /Dé%@/a&; Bern S //, une 2070 78




Lich Strpping

= Even with the trigger most of the events are

uninteresting

m Typical interesting branching fraction
BB, —>J/vy ¢)B(Jy—u u)B(o—KK) = 1.3x103
x0.059x0.5=4x10.

= Rate of events 2 kHz. Rate of J/y ¢
=2%c(pp—bb)*L*accept*recon*trigger*B

=2*500 pb*2x10%2cm=2/s*0.18*0.6*0.9*4x10-°
=103*10-3%cm*1032cm2/s*4x106
=0.4/second
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Strpping (I

= Many interesting final states

= Each final state stripping line is limited to
accept only 103 — 102 of minimum bias
simulated events that passed the trigger

= This means that you need to understand
what you want to look at before you take the

datal

Sehool on Flavour /p@&/’a&, Bern S M June 2070 80
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IS A First (limpse of LHC Protons

LHCb@LHC Sector Tests < W
0 Beam 2 dumped on injection line beam stopper (TED) = %%

4 m tungsten, copper, aluminium, graphite rod in a 1m diameter iron casingw_~
340 m before LHCb along beam 2

>
“Wrong” direction for LHCb

Centre of shower in upper right quadrant
High flux, centre of shower ©(10) particles/cnill

Vertex Locator ©(0.1) particles/cm?

-3000 L H

-2000

-1000

0

1000

. . . . . L 2000
35000 30000 25000 20000 15000 10000 5000 0 5000 -10000 om
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KIS A First (linpse of LHE Brotons

Scintillator Pad Detector
Spd 20 view 24 (T0) with 1 event (30767,4058,2688)

Entries 99703
Meanx -492.5
Meany  B81.26
RMSx 2013 ¢
RMS 1739
0.8

o,

[mem
\ x Locator
x’\ /%\ -

Muon : 70 candidates in average pe

| s W W [ Wi by 3
oo " o
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RTesiduals

——&— 2008 Blazed Residual

}

------- Binary Resolulion

)
o

= = 2006 Test Beam Resolution

=  The detector displacement from metrology usually is
less than 10 um

R Res. [um
(5] ()
o 3]

W]
o

T T T T T[T T [T T [T T [ TT VT[T oroT 7o

= Module alignment precision is about 3.4 um for X and
Y translation and 200 urad for Z rotation 20

Preliminary

¥2 1 ndf 5.856 /7 AT RRTT PN FREEE FRRTY

% a0 50 60 70 8 90 100
Prob 0.5566 Pitch [um]

Constant  12.53+2.44 ®d residuals

—®— 2008 Biascd Residual

12

10 Mean -0.2845 + 0.4893

[um]
|

B
(=]
T

====«== Binary Resolution

Sigma 3.353+ 0.491

= == 2006 Test Beam Resolution

<% Res.
(7]

w

T

(3]
=]
T[T

Preliminary

||||||;M/||I||||I||||I||| N TR 5:_

15 -10 -5 0 5 10 15 20 g-....|...|...|...|...|.

AT AT
Diff. of Align. constants [um] 0 40 %0 60 70 80 pn?;?; [pnli]u_
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KGR (HC6 Data

m A few glimpses of real pp collision data (0.9 TeV

; L ~ +l|- ;i v #
+ *
$ @ ;ﬁt* s +

e o —___VELO partially closed

11.12. 2009 5:50:50
Run 63691 Event 472 bld 2209

VELO nominally at ~8 mm from beam
kept at 15 mm due to beam hazards

Sohool on Flavour /Z%%J’/&S’, Bern S M Uune 2070



Tracking & Calorinetr

| m,... (LHCb 2009 data, preliminary) | ‘ m ... (LHCb 2009 data, preliminary) ]
= a0l integral 2510 > enl Integral 2504
23001 2 et e 2160F ¥ | mdf 11275/ 82
C Frob 0.0020102 - F Prob 0.013755
% N cahstant 12,06+ 1.41 w140 — 1 constant -295.3+ 152
2250 KO slope  -0.027018 & 0.002655 % u j\_L siope 027991t 0.01366
3 [ S L. 13207 + 413 T120F ﬂ Mg 411,39+ 2596
T [ m 295,86 + 0.14 T m 1115.7= 0.1
Ezuu - o 41479 + 0.1311 810“ C Lo 14381+ 0.1143
150 — 80|
- GU __
% 100[- u
c - ot
— 50 L
E 20— }
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o) | AT s /T P2 2 B CORTAAA AT I i IETTE T
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O m TMaM m,.._., [MeV]
TET] - ., ¥ [ ndf 424135
P = o e
(_) E 220 edf w213 C pi S46.0 = 4.7
0T 400|— o a7y o 100 — p2 2371 2.16
3 - 0 2 s - ” 10242
asaf- | P anf— pd 14.48+1.19
F T £ B 153008 2 21e 08 E N ps £.1303 £ 0.0018
200 + -|-J[ {_T]l ml WL} IE pé 9127605+ 271306
250f 1 t c
S Hi T o
200 -
g t 0
150— F
100 “J(
sof- ; 20 §
E
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300 900
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Furticte (den

LHCDb data
(preliminary)

LHCb data
(preliminary)

t/f/aat/m

m T
8
RICH -
TT] .
" 5000
Kaon ring a000F-

LHCH

Preliminary
450 GeV Data

® > KK ? C

s 3

n
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2000F- =
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- A l A L L L l A A AL A l AL 3
1000 1050 1100
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L LHChH
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= 450 GeV Data
© 100 TGauss = 175+ 0.32 MeV
- 30 ® 2> KK'! m = 1019.61 + 0.22 MeV
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»
E
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Interaction

N, N region
yo— A f Bunchl —"~—~  Bunch2
Aen e, S, |
1 / 2 D
A - f g (z,y) g2(x,y) dx dy N Effectivearea A  ~— N,
eff N Y

overlap integral

m Profile from beam-

=  Gaussian shape beams: £ =

gas collisions

N, N, f

Amo .o,

%
4;' 5 'I'q.' * . . L. -
R - A :-:“_L - ) -" -. .,_;..._.'I::—j‘!_:r_f
2+ L 1 e . - . !‘gp:-—-r;:u-: - .
€ ¥ ot - .
£ of - i
K - -o:.-
-2:__#4————"*_ T
6, -0.002167 +-0.000015 #, 0.001913 +0.000069 | L_H_C“])
-4r 5, 0.553 10.009 s, 0.489 +0.051 . o
-1500 -1000 -500 0 500 1000 - 1500 >
Z (mm)
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Bean Sizes f/ﬂm Bean- fa&

Beam 1 =

Entries 312
A 348+ 2.1
70} p 0.507+0.021
- . - o . 1.1 o 0.257 £0.021
Fit with VELO resolution added 6ol ¢ 135
in quadrature for every bin
. U 50}
in Z and #tracks .
o X
20}
10
!I 1L
0 = = = il gt ®
an ; . -1.5-1.0-05 0.0 05 1.0 15
Green - overall VELO resolution X (mm)
60 —
Entries 313
341+ 2.1
50+ 1 -0.347 +£0.023

o 0.321+0.020
A 18.4

X

th

Y (mm)}

1.5

20} °

15¢

15+

| =z10f

Entries 56

A 78+ 13
p 0.495 +0.065
o 0.323+0.072
)(2 11.3 I

X

0 L L 1
-1.5-1.0-050.0 05 1.0 15

X (mm)

LHCH preliminary Entries 57

85+ 14
1-0.407 £0.062

o 0.315+0.053
X B.0

Y

-1.5-1.0-05 00 05 1.0 15
Y (mm)

— Beam 2

Setool on Flavow Physics, Bern SW, June 2070

89



LHCD

Size af Luminous /@fz/m

Two colliding bunches

&~ N
Entries 19919 Entries 16434
3000+ A 1160.1+ 8.2 1 2500} A 9525+ 75 -
» 0.54840.002 4 0.543+0.002
2500r o 0.185+0.001 1 2000} o 0.188-+0.002 i
¥ 39.1 ¥ 110.9
2000+ B
9 o2 Xy z < i 1500} ;
o =— for 1500 ]
beam— beam 24 g2 b L }{ i
oy To; 1000+ | 1000
/ 5001 1 soor y
correlated 0 15100500 05 10 L5 0 353 0-0500 05 1.0 15
3000 X (mm) X (mm)
F T T L I I . . T I 1 1 T T
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1 2500F 1+ -0.397 4.0.002 1 2000} 14 -0.38640.002 ]

Lumi o« . 2000} 2,0228.+0.001

2 0.249+0.002
1500} ¥ #82.0 i

[ 2 2 |2 2
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=
1000

1500
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500 500
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. 0 0
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Bt 1200 o 38.438 +0.198 1000} a 37.661 +0.221 B
1000+ x* 54. 1 sool X 94, 1
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dFofldp dy)  [ubAGeV/c)]

dofldp dy)  [ub(GeVic)]

LHCD
|- )

haliat Y

10

10° |

iy
=]
r

iy
=]
W

N Gelis

Including L,_=6.8121.0 ub"

| Ks 25<y<3.0 |

+

B Ks LHCb 2009 data

s PEFUIGIA O

| HCh Pythia tuning

LHCb 2009 data preliminary

| Ks 35<y<4.0 |

e o o Lo Lo L ol L L
0 0.2 04 06 08 1 1.2 14 16 1.8

! 2
p, [Geviel

M Ks LHCb 2009 data
e Perugia 0

| HCh Pythia tuning

LHCb 2009 data preliminary

et e Lo Lo Lo P, W', TH T R ——
0 0.2 04 06 08 1 1.2 14 16 1.8 2

P, [GeVicl

- ‘ Ks 3.0 <y< 3.5 | B Ks LHCb 2009 data Prellmlnary
E 10° E_ : ::'::I:y{:hiatuning More data
% - LHCb 2009 data preliminary ta ken

=y
[=]
o

FURTIRTIN ST TN SN SN (T T NN TN N T T SN T S Y T
0 02 04 06 08 1 12 14 16 18 2
p (Gev/el

-Crosses: LHCb DATA 2009 Preliminary
-Bold error bars: statistical errors

-Thin error bars: syst. including 15% on lumi
-BLACK curve: LHCb PYTHIA tuning

Cross-sections reasonably
consistent with PYTHIA predictions
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LHCD

géa/yea/ Furticle [rac Z//y

(1 7 TeV data (~10M events):

— use “micro-bias” trigger: at least one charged track seen in the detector
— select events with one reconstructed primary vertex (PV)
— look at distribution of charged tracks traversing VELLO and tracking stations

(1 7 TeV full simulation MC:

— determine region of ~flat acceptance in py and 1 (pseudo-rapidity)

E 4 F .E - T 1T I T TTT | T TT I:
> f wy F 14
© isf 2 35 HCb work in progress
I- o = C ]
=4 C _ (=7 E _
NE s=7 TeV Data W E \s=7 TeV MC
i E 10°
25 0 25
u B iy
2| 2
C i C
15 15 P
i C
- 1E
” : 10
05— 05 -
ol : o b | R
0 1 2 3 4 5 6 7 8 ] 1 2 3 4 5 6 7 g
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F . af ﬁéa/yea/ [ racks

1 Raw p distributions in bins of 1):

— normalized by 1/p; and 1/N,
where N = number of events with one reconstructed PV

— clear acceptance drop at low py

charged particle p, spectra charged particle p, spectra
-g-i- Iﬂz % 1 E LI | L | L | L | L | UL | UL | L ? _E.'- Ia: % 1 E LI | LI | L | LI | LU | LI | LI | L ?
= il LHCb work in progress { & A LHCb work in progress -
i § % §
% gl DATA _ 4 T 0 lN MC _ ]
= vs=7/ TeV Data 1 = i vs=f TeV MC =
z 1z ff! ;
= — 25<9<30 o T pfr i — 25<y<30
—— 30<m<35 3 —— 30<n<35 3
— 35<y<40 ] — 35<y<40 ]
— 40<n<45 10! — 40<y<4b
45<n<50 3 45<y<50 3
= 100 | E
uncorrected distributions ] uncorrected distributions .
10’ = 10’ 3
10t = p, acceptance cut . -:'-_'“-_":-;—_}H__:E 10t 1 p, acceptance cut o £
1 ; Ll | Ll L1 | | | | { Vv S ot | | Ll 11 | Ll 1 | L1 -I.‘-l_cl-.-l“l-ﬁl’- | E Ll | Ll 11 | Ll L1 | Ll | Ll | Ll 11 | Ll I . @.ﬁ‘j:
o 1 2 3 4 5 6 7 8 @ 1 2 3 4 5 & 7 8
p, [GeVic] p, [GeV/e]
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fffw&? 0f 7 lel/

= Energy at half of design = bb & cC cross-
sections approximately halved according to

]
Pythia 6.4
1,040 o §.310 . -
= 3 - amn -
O 0.9 o : 7.479 == :
& os2 bb 6.648 {---CC :
[ . u
0.728 5.617 N
© 0.624 4.986 :
TE NI NN NN NN NENENE NN EEEEEE N
O, 520 4,155 )
PP U SR S S NP ot ol ol e 3.324 S
9,312 X 0.44 2.493 o X 0 il 7
0,208 1.6
A0d g 0.831
||_|’|||||T 0 Gy
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 8.5 7. 1'3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

beam energy (TeV) beam energy TeV)

= But Pythia 6.4 larger than others LHCDb
assumed o(bb)=0.5 mb

m Lower £ leads to increased trigger efficiencies
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[ rippering with first data

<2 kHz <2 kHz
<25 kHz < 25 kHz 2 kHz
< 300 kHz < 300 kHz 10 kHz 2 kHz

= First 3/nb trigger almost unbiased
s Then next 11/nb HLT1 reduces rates (~80% & on charm)

14.0
12.0
10.0

8.0

6.0

LD Rate kHz)
.
=]

2.0

(f é " W o2 o wa B L2 o5 e = w2 o e
o & o N il 2 A & N i P W {f’ N4 96




Events / (10 MeV/c?)

Some NMice Mass Flots
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s = = = 1 @ 3 ry 3
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4
u*u pseudo proper time in signal region (ps)
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LITI‘TL . -
. B—J/WK candidate: global view
(muons are magenta, kaon is red)

LHCb Event Display

54,2010 1:30:09
Run 69618 Event 12484 bld 1786
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B—J/YK candidate: XY vertex zoom

[mm] XY Projection

LHCD

)
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B—J/yK candidate: YZ vertex zoom

[x 0.2mm] o
YZ Projection .
35 i deh
’ rom prima
05— - N f

T ‘ B ‘ I ‘ B ‘ T ‘ T ‘ T ‘ I
) 1 / 5 4 D S /
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G Charm f/yfm/@

m Useful for detector calibration & eventual
measurements of charm mixing & CPV

DO—Kx DOKK D*—DOx, D9—Krnr DO—Krrd

(.: T T T . - T T T 3 < npE T T T T — 25 T T T 7]
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LHCD

Hadron 7;1}%@/‘ Checks

s Take D*, D’—Km signal collected in minimum
bias events & evaluate preliminary LO*HLT1
performance

s Performance curves of single-hadron HLT1 line

IP cut on fitted track PT cut on confirmed track
> T———1————T——7 -  r—r————r—r——r——r—r—r—r——r—r—t
(&1 Q
C 0.9F 240 pum <€ 0 pm C 09 2.2 Gev €
2 . o
S 08 . S 08
§ 07 . ) E 0.7 o« ° °°
P 05 ... 2 05 .....

0.4 04 F)
0-3 . . 0-3 . ]
0.2 LHCDb preliminary 0.2 LHCDb preliminary
0.1 0.1
G ----------------- c ------------------
0 0.1 0.2 0.3 0 0.05 0.1 0.15
Minbias retention Minbias retention
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/%ac’/( 6@&&

| LHCb preliminary\/s =7 TeV |

s Measure performance 1

: S canl
of LO*HLT1 trigger for I
T =
JIYg—pu _
o 06— Data
m Data = (82::1 ) Yo e MC
m MC =91% Lk
- P (u+p7) [MeV]
= 0,06 fake rate _ 063000 4000 6000 8000 10000 12000 14000 16000 18000 20000
_é 0.05F Data K
% MC K,
0.04f
s
0.03-
E ™
0.02:—‘ '!a
001 Yy
. MANEE

c0 10000 20000 30000 40000 50000
Momentum (MeV/c)

Sehool on Flavowr /Déf&’/o&; Bern St //, June 2070 703




LHCD
|- )

Pj ﬁ@ lec f&’/‘ }0 e/‘f or-mance cﬁ(/f(//(d/y
= All

parts working with resolutions
conquerable to expectations

s EXceptions

o Vertex resolution perhaps 1.5 x poorer, seems to
be due to optimistic resolution assumptions and
iInadequate material in simulation

o Aerogel resolution is much worse due to
absorption of gas; plans are being formulated to
fix

0 Some alignments are taking more time than
expected
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(HOC Comments //%y S /

= "Congratulations for the excellent state of the
detector and of the analysis

= - With current luminosity projections LHCb is
the only detector capable to achieve almost
completely its full physics potential during the
2010-11 runttl' ®
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Piii‘.‘l luitiad LHC6 OFb6) Measurement

How can we determine o(pp—bb) with small
amount of data”?

= Note that B(b—»>D°Xuv)=(6.82£0.35)% as
measured at LEP. Assuming the fraction of B-,
B°, B, and A, doesn’t change too much at the
LHC, we can use this

= Need to reconstruct decays with a D° & -
coming from the same vertex

= Important concept: Impact parameter (IP).
Def: minimum distance between track & vertex
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//r(/ﬁa& ¢ Farametor

,/
m Consider pp —»ccX, c—>D° X AP
o The D° should point at the vertex, so IP
should =0 Do —

o Now suppose D°—K-r*, then K-n* have M K+'
large |IP’s, in general, i.e. distributions } "
are not peaked at zero K-
= Consider pp —bbX, b—»D° X S N
o Now the D° has significant IP

o The K-n*even larger than before
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L //r(/ﬁaa t Farameler e [ata

m Select on K-t* with

1000-— , LHCb
large IP’s _ T ey
_ — 800 Prompt
m Fit prompt component 2 | .- ~S/nb
_ . £ 600}
with double bi-furcated ¢ ,,
- 400~ ! DfB

Gaussian letting
parameters float & DB *r Y4/ _
component using MC o Rk

-6 -4 -2 0

shape In(DO IP/mm)
m Find 15827+£262 prompt D°, 1331+354 DfB
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BN v

s We want to use a sample enriched in B

decays so that the error related to prompt
component is minimized

s Accomplished by adding finding
events with a track that is
identified as a u- & forms a common vertex

with the D°. Thus prompt D° from cC
production are greatly suppressed

= Right-Sign (RS) combos are D°u- or Dep,

while-Wrong Sign (WS) are Deu* or Dou*
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~ BT — 30—
o g LHCb
2 25 Preliminary = 25 Preliminary
= \s =7 TeV Data @ \'s =7 TeV Data
T 2 l S 20
E 15 (44 i l ll
g '8 | l_f. {,_- DB
R \ ]l 10 Prompt J-r+- 4
5 l' | 5 [0 -T L
1 I P e
' [ . 3
0 Lal . a2, S CaBBhadedhdi AL 0 :'l'pl":. %n\u-
1800 1850 1900 1950 6 4 2 0 2
m(K w*) (MeV/c In(IP/mm
(Km)( ) Background under ( )
Do peak

m Find 85.3+10.6 DfB events, 8c
m 16.2+£5.7 prompt

m 14.0 £ 1.9 sideband bkgrd, determined
directly
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S B> v

~ 30 p——————— _ S— ———
o LHCb | 5 LHCb '

2 25F Preliminary = 25 Preliminary

= \'s =7 TeV Data 2] \'s =7 TeV Data

NS £ 20

-~ >

a w

& 15 Background under
>

L

10 Prompt De peak

1800 1850 1900 1950 -6 -4 -
m(K'7*) (MeV/c?) In(IP/mm)

s Find 0+£1.1 DfB events
m 16.7£4.9 prompt
m 10.2 £1.5 sideband bkgrd
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&’/f(/ﬂa/‘/&’wz with Uheoretical O

45

40 -
35 Theory: Ellis
30
do/dn 25
(mb) 20
15
10
5
0 .
2 3 4 5 6
n

m Come to ICHEP to see results
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J/ W —> LI studes

1 Abundant J/1 signal = gold mine:

— data-MC and data-PDG differences
(in bins of many variables) provide
many crucial calibration handles, to
be exploited to improve performance:

« alignment, tracking studies
» material effects (dE/dx)
» B-field systematic effects

— T 1 T T T T T T T T T T T 1 T .
b 900 LHCb $ Ny =421182982 &
= 800 P : " =
2 Preliminary B/S =1.24 + 0.03 L
_ M =3088.92+ 0.41 MeV/c®

0 700F \s=7 Te:’ #? o= 158: 0.4 Mevic? ©
= 600 ~ 14 nb~ =
o _ :
E 500k
= 400
w

300

200

100

L L '] L 2 L L '] I
2800 3000 3200

3400

* momentum resolution, mass scale u*y” invariant mass (MeV/c?)
* lepton 1dentification e T e ]
% J/f'l_i" Preliminary ]
E vs = T TeV Data o
g
A JAp, P(2S), ... signals open large parts g B
of the physics program: i T PR
— quarkonium production, polarization, spectroscopy, ... o t t '}i}fw"ﬁﬁ
— bottom physics with both incl. and excl. b — J/1p modes e

3000 3200 3400 3600 3800
m(uw) [MeVic’]
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(7/ /4 /D@eac/a-y/‘c}ﬁe/‘—f/}r{e / A /

Signal window & normalized sideband Sideband-subtracted distribution (pure signal)

* — " E—
oy S o N LHCb
5 16° LHCb 8 10p l4ob Prelimina
Pﬁ Prelimina pﬁ vJs =7 TeV Data
'qé; \Js =7 TeV Data E X
u::j 102 . ] Sidebands |_|>J 10 . ...
) ‘,o *
10 ""ﬂﬂ' ‘e 10 e %
R : : tt } A
1 L I TN VUL 31
” 20 7 4 N N A B
t; (ps) t, (ps)

1 Asymmetric distribution with clear long-lived signal from b-hadron decays
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J/W/@;ﬁ/af'@ a’“//”t

1 In each py ory bin, J/Ap yield extracted from mass distribution
— shown before any correction (e.g. efficiency correction)
— spectrum contains prompt J/ip and b — J/A

25<y<40 pr<12GeV/c
o 0B/—————T———————1—————— 21w 035 .
% . 35 uncorrected distributions E o E uncereied distributions LHCb ] E
= 3F _+_ LHCb E ‘; 0.3:— | Preliminary =
S = Preliminaryy F —t— vee7Tev E
S 0.25¢ ] 0.25 LHCb =
T F s=7TeV 3 - (. Monte Carlo ]
3 0.2¢ [ LHCb Monte Carlo] 0.2¢ — E
® oasE e = 0.15F 3
0.4 ] = 0.1 o—"
0.055— __'_l——f 0.05 —E
0: 1 L L 1 L ] | 1 I} 1 1 1 L | u 1 1 r a1 3 5 3 3 1 L1 PR N T T T T [N T N IE
0 2000 4000 6000 2 2.5 3 3.5 4 4.5
Jhr Transverse Momentum (MeV/c) Jhv Rapidity

— above 1s 1llustrative of the capability, preliminary measurement expected soon
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Finst exclusive hadronre dec ays

ob | | |
S 20 LHCb N =
. . = iona 229 +53
1 First 51gnal < 18 Preliminary my = 5260.5+ 3 MeV
C(]Inbininﬂ' m 16 \S = 7 TeV Data Ocause = 12 + 2.5 MeV
two modes: g
-
— B D' =
— B*— D¢t
1 Expect soon:
—B;— Dyv 5000 \
— B— DK Cabibbo-suppressed modes mg,, (MeV/c)
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Lloctromwedk Boson Froduction

1 LHCD coverage: 20— — S
; ; - . 18 [ pp. Vs =14 TeV 1
— 1nteresting rapidity region where - MRST99 partons |
. - 16 | B NLO QCD 7
W+*/W-ratio 1s very different from 1 P . ;
— small y overlap with ATLAS/CMS : 2 : \\ \\\ ;
— unique area of (Q?x) plane E: 1o w \\ W ]
- ~ ps [ \ _:
[ Measurements of interest: | N ;
— 7Z9/W+= ratio o | \.\ ;
* precisely predicted (< 1%) 2 - B \. \\\\ W rapidity
» should aim at 1% measurement % 1 2 3 4 5| distribution
with 0.1 fb-! — test SM i .f
— WH+/W- ratio ; o
* sensitive to d/u ratio o
* expect to measure = 1 very soon of
— W, Z production cross sections £ atasscMs | Z rz}pidi'ty
* can constrain PDFs, o i, T, b || distribution

down to ~6x10-% at Vs= 7 TeV
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Seloe K/}gz W—> LV ereris

iminary,
. —
1 Selection: s dath, ~14 nb-!
— good track (%, 6./, , ...) identified as muon B
—pr>30GeV/cand A ;> 038
0.85F
u.nf
rest p;°t = transverse momentum of orsk
A= Pr p;‘; - vector sum of all charged tracks, F
Pr +Pr excluding the selected track “E
05500080006 40000 30000 60000 '?‘Euug[;l'ﬁgm
[ LHCb Preliminary, /TeVdata | l
1 - e =i | 2 PR T 2 -
= R PR A
. ’J 0‘*‘ ‘ * N
o ” 3 iA‘o I N ’. .
0.09 " M . ’
M} [ = “ .\ ‘
0.02 s : !f." P Y
L
0.01 0.7[——- we .Y 4 _0_’,! * *
=5 00 N 4_" R b R
oo o0 © 0805 o000 40000~ 5000660008 7 00
MC, W— pv signal data, ~8 nb-!, without mulD cut
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W—> UV erens canaliiie

run:7ims [ TI — 25].
pr=354GeV/c

Ayr =092

Z—Q ViIewW standard 3D view

Sehool on Flavonr /Dé%f/a&, Bern St M June 2070 720



Some ﬂ(i@/‘e&f/}gx /% easaremenls

& Sensitimitios

LHCb expectations: > 300 fb-1 in 2010
~ 2 fb! for nominal yr
~ 10 fb-1 for “1st run”
~100 fb-1 for upgrade

2070 121



LHCD

(O L a/ﬂ/}(m'ty /Dﬁg/'ea Lons

s [Two years at 3.5 TeV

= 2010: should peak at 1032 and yield up to 0.5 fb-"
s 2011: ~1 fb-'at 3.5 TeV

m 2012: splice consolidation (and cryo collimator
prep. ) Aggressive

m 2013: 6.5 TeV - 25% nominal intensity

2010 8 35 25 7610 - 05(05) 0.5(0.5)
2011 8 35 25 7el0 1  08(0.8) 1.3(1.3)
2012

2013 6 65 1 11e11 720 14 1.1 7(2) 8 (3.8)

201?&4&0; on /E/@ww 102%@/0@ é@m ?}1}: (7«/(@124095 - 2t 12 (2], 2, (§;8)



ﬂ(c(e/ﬁe/m/e/(t estimale

Courtesy of a rather pessimistic but perhaps
more realistic Massi Ferro-Luzzi

2010 7 €10 - 01(0.1)  0.1(0.1)
2011 9 35 25 9e10 720 12 01 1.0(1.0) 1.1(1.1)
2012

2013 6 65 1 9e10 720 9 045 27(2)  3.8(3.1)

2014 9 65 1 9e10 1404 17 06 53(2)  9.1(5.1)

At least in the same ball park

Sehool on Flavouwr /Dé%s’/ba’, Bern S //, June 2070 723



NN d\) Current &Ifafﬁa ted L. a/ﬂ/}m@/'t%

LHC 2010 RUN (3.5 TeV/beam)

b

f 7000
6000~mjm. o
5000
4000

3000

delivered integrated luminosit

2000

1000

90 100 1i0 1é0 150
Days since Jan. 1, 2010 (from M. Ferro-Luzzi)
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Fgﬁ{g] Better [ripger Lffieciencies at Low [

= At LHCb design luminosity (2 x 1032 cm= s1) alll
thresholds are optimised for B-physics, and
consequently g, for D decays from prompt-
production is low, typically ~ 10%

o Still adequate for accumulating very large samples,

but corresponding efficiencies for hadronic B-decays
~4x high

= At low £ we boost trigger efficiencies for

hadronic decays of promptly produced D’s by
factor 4-5 w.r.t. nominal settings

0 &g for hadronic B decays now 75-80%, those for
leptonic decay modes >90%.

Setool on Flavowr Physics, Bern SW, June 2070
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&//(Wa/ Stra L‘ef%

s Measure experimental observables
sensitive to New Particles through their
Interference effects in processes mediated
by loop diagrams, e.g. _ _ . -
o CP violation via mixing qu W+§ et % W- qg

q t

Viq Vi

o Example l: _ E} J/w
S e W Zz} 0

Sehool on Flavow Fhysics, Ber
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LHCD

CF #«%/ﬂ/ﬂéf/‘% w5 5—)(7/ /4 ¢

= Just as B°—J/y K measures CPV phase 23
Bs—J/yv ¢ measures CPV Bg mixing phase -23

= Since this is a Vector-Vector final o,
state, must do a time dependent  *~—
angular (transversity) analysis

= The width difference Al'g/T'g
also enters in the fit /

= Combined current CDF & DO ¢ COF FU NP, 29408 28157
results

= LHCDb will get 60,000 such

events in 2 fb-!. Projected errors *°|
are £0.07 rad in 235 & £0.026 in_22

E

0.4

=

02+

AT, [ps_l]
[p%]

» 16 LHCb in 2 fb”

Sohool on Flavouwr /Dé%f/a&, Bern f/{[ June 2070 0f5 40 05 00 05 10 15

ﬁj/ G [rad]



New CDF measurement af 18@

0.6 CDF RunllPrel. 28fb"'+D@ 2.8
68% CL

0} = AN

-0.41

085790 05 00 05 10 15
B [rad]

Tevatron combination: probability of

observed deviation from SM = 3.4%
(2.12 o)

"o
2
—
<

s CDF now allows for S-

wave in fit

0.6

0.2
-0.4f
-0.6|

0.4]
0.2]
0.0f

CDF Run Il Preliminary L=52fb

L — 00 OL
— 68% CL
L —— SM prediction

H
'
'

| i | I 1 | | i | I ] | : 1

i 0 1

Bs (rad)
P-value for SM point: 44%
(0.80 deviation)
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888 S deiy BTy fol 980/

s Problem with JAy ¢: S-wave U [ Faies

s Stone & Zhang estimate 10%, ¢._.| 5 KK
can be dealt with, but increases @ =| :

13 600 |-

complexity and error (arxiv:0812.2832) * wf | | |
g CLEO also measures QDZ,,,.. N

B(DF — f(980)¢*v, fo — ntn) = (0. 20 +0.03 + (‘11'[1?11)1'5;‘ i
B(DY — ¢etv, ¢ — KTK™) = (1.16 £0.11 £ 0.06)%
m Estimate: 5(B.—»J/vy f,—>J/y ntn)/B(B—~>Jdy o—
Jhy K*K") =20-40% [Note M(B,)-M(J/y)=M(D,)]
= This is a CP Eigenstate, so can get independent

measurement of somewhat worse accuracy
Setool on Flavow Physics, Bern SW, June 2070 729
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LHCD
|- )

/%%J’fwy 0f Soature Mesons

m 0" nonet is not well understood
m Compare 0- versus 01

Particle Mass (MeV) Particle Mass (MeV)

1/N2(ud+dd) 0 135 G ? ~600
ud mt 139 a,* 980
us K* 495 Kt ? ~900
~s5 ' 960 f_ 980

o For 0- nonet, the mass increases by ~400 MeV for
each s quark. Why isn’t this true for the 0+ nonet?

o Why aren'’t the a, & the ¢ degenerate in mass?
m_Suggestions that the 0* are 4-quark states

Sehool on Flavonr /z%fé’/'&&j Bern St M June 2070 730
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Swaves i [) ‘?—)/(7 T c/wa%@

m Dalitz analyses (also E687)

. L CLEO _ Y500 N — AM = 20 MeV/c*
3" K*(892) 1- 474415 2 Bkgrnd |
= q S00F Subtracted |
Q 1 (I)(1020) 1- 42.2+1.6 s 600 |- 1
E f (980) 0t 28.2+1.9 | /
0.5 S 200 | :
T f,(1370) 0* 4.3+0.6 o ket L . ST
m3(K*K-) (GeV/c?)? Ko*(1430) O+ 3.9i0.5 0.98 1.00 M(k_?{%) (Ge‘l\ﬂzz) 1.06 1.08

f (1710) 0* 3.4+0.5
s Fit using a linear S-wave + Breit-Wigner

convoluted with Gaussian for the ¢. Find
6.3% (8.9%) S-wave for £10 MeV (=15 MeV)
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The S Wave i 5—)(7/W/f*

= Two Vectors in final states so a transversity
analysis Is required

m BaBar & Belle measure
interference between S & P
waves in K* decay angle

m [ he fraction of S-wave MC no interference\
intensity is (7.3+1.8)% for BaBar y 4~ T |
0.8 < m(Kn) <1.0 GeV 200

m BaBar uses this interference to

-1 0.5 0 05 1

remove ambiguities in the
cosO .

measurement of nns(QlR)
Sehool on Flavour Physics, Bern S W June 2070 752




L@C? ﬂe&af rate 0[0/‘ —)(7/ /4 ¢

m Without S-waves & AI'=0

A(Bs — J/vo) = Ao(my /EOEJ/L 4||EJ/1/\5—14LEO p/V2,
s A, P=+ longitudinal, A|| P=+ trans, A P= - trans
A'T[Bs — ((707) jyp(KTEK )] 9

2| Ao|? cos® (1 — sin® 0 cos® @)

dcost do dcos r" dt 327
+ sin® o {] 4“\ (1 —sin? @sin® @) + [A | [*sin® 0 — Im( 4F“| A )sin20sin o}
+ 73 sin 20{Re(AgA)) sin” @ sin 20 4+ Im(A5A | ) sin 26 cos 1]

= For B, replace A, by -A,.
m Strait-forward to add finite AI
m S-Wave term cannot be ignored (stone & zhang farxivos12.2832)

. -
Sehool on Flavonr /Déf&’/a&; Bern St //, June 2070 733
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B C{), # / / lerms [Ne et o] arXir:098.3627/

= [ime dependence (for ex.)

[Ao(t)]* = [|Ao|%e "+ [cosh (ﬁgsf) — cos @ sinh (Q\g"j) + sin @ sin{&-m.,,-f}]

m Can write 4 T(B— JHKK-) U () ()
dt dcost dcost dp XZ (1)l

k hi(t) hi(t) Jr(O. Oxc. p)

1 | Ag(t)]? | Ap(t)]? 4sin? ) cos? O

2 |A||(f]|2 H”HHQ (1 4 cos? 6;) sin? O — sin® 6, sin® O cos 2

3 |AJ_(H|2 ‘fij_{f’”g (1 4 cos? 6;) sin? O + sin? 0, sin? O cos 2

4 %{A” ()A | (1)} Q{AH (t)A (1)} 2 sin? 0 sin® O sin 20

D R{AO{HA”{T}} R{AD )/ ||{T)} —/2s1n 26; sin 20 cos

6 | S{AFHAL(D)) | STAS()AL(t)) V2 sin 26; sin 20 sin

7 [Ag(t)? |Ag(t)]? %Hi]lg o,

8 “]%{A (t) ||( )} “H‘{A t)A) ()} —2/65in 20, sin O cos ¢

9 | S{ALMAL(E)} | S{AL( 11 ()} %\/ﬁﬁiu?ﬁ*g sin fg sin @

10 | R{AL(HAo(t)} | R{AL(1)Ao(t)} 2V3sin? Oy cos O

_faéaa/ on Flavowr Fhysics, Bern SW, June 2070 754
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Letimate 0f Swave ffw A

= Adding Ag can only increase the
experimental error. The size of the effect
depends on many factors including the
magnitude & phase of the S-wave
amplitude, B, values of the strong phases,
detector acceptances, biases...

= One simulation for LHCb by Xie et al

o Assumes either 5% or 10% S-wave with
phases either 0 or 90°.

o Simulates many Pseudo experiments

Sehool on Flavonr /%f&’/a&; Bern St M June 2070 735
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Events / { 0.008 )

Fosulls 0f yﬂaﬁ/}y Swave

Generate -23, = -0.5

45— o

40;— g 35:—

< lgnore Ag 3 s0b Include Ag
= g F l

30E W 25—

26F- <-0.46> = <-0.50>
— 20—

20F- 5=0.049 - c=0.059
2 151 ) I
S [

15— C

10~ oL | {

o st Lo
UWTTWTTT T T B % [] [T T , 'n. | A N N T T O B F] i3 n
0.8 0.7 -0.6 0.5 0.4 0.3 0.2 A 0.7 -0.6 0.5 -0.4 0.3 -0.2

-2, -2,
o Find bias of -10%
o Error increases by ~20%.
n Can also use to eliminate 6, ambiguity

Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 736
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Estinates of TN £,(980)

= Can use S-wave materializing as f,(980) for

CP measurements (stone & Zhang [arXiv:0812.2832])
m The final state J/y f, is a CP+ eigenstate
= No angular analysis is necessary! This is just

Ke measuring J/y K,. The modes J/yn & J/y

n’' can also be used, but they involved y's in

the decay & thus have lower efficiency at

hadron colliders
= Define: R 1“(BS —>J/yf,;f,>onx 72'_)

e [(B,—J/ypp— KK

Sehool on Flavonr /Dé%&’/a&; Bern St M June 2070 737
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LHCD

Pig_] Estinate Using Hadronte D, Decays
M(B

)-M(J/y)=5366- 3097 = 2270 MeV
= M(D,)-M(x) = 1830 MeV, not too different

D{A'-'&_ i e

orfo — i}
}d) 0 or T T

s Use CLEO result for D.—>K*Kn*

extrapolated to zero ¢ width to
extract D . —¢n*, ¢p—>K*K")
= (1.6£0.1)% (only for comparison)

Yield / (2.5 MeV/c?)

1.02 1.04 1.06
M(KK*) (GeVic?)

Sehool on Flavowr /Déy&’/a&; Bern Si //, une 2070 738




events/1.5 M u.:\f.-"'c2

LHCD
|- )

Letimale f/‘m ﬂ@ L ETT

s CLEO: D —>n*rn*n) = (1.11+£0.07+0.04)%

m Use BaBar Dalitz analysis to estimate fraction

of f n* [arX|v 0808. 0971]

1000 [
i —
800 [ 2
F -
- E P
600 | o
400 R
_ R
r:;-/l
i =
200 [
[ ||||'\'l'l'ﬁl|'_|‘|'TF“|7|‘\'|||'|||||||\
0 0
1.9 1.05 2 2.05 0 05 1 15 2 25 3 35

111(T[+Tc'?c+) (Ge\-".:"cz) m’ (Tch ) (GeV 2.-"c4)

2000 |

- 3,
events/0.0875 GeV'/c
= o
= =
[an] [an]

w : bkgrnd
o R ]
0 1 3

2
1112(;rt+ m) (Ge\f'z,-"'cqt)

m Estimate (27+£2)% of final state is in narrow f, peak

F(DS — fr"; 1, —>7z+7z_)

R' =
[(D, »>¢r"5¢— KK

flo

= (19+2)%

Sehool on Flavowr Physics, Bern SW, June 2070
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Letinate fﬁm ﬂg —)/ ¢/f / eV

s Compare semileptonic
rates near g2=0 to get D{_"'é

maximum phase space

CLEO [arXiv:907.3201] o fO
| E 50 1630609-010
s [@ : 160:—
dr :% 120 - 2%
W E’;j’; 80 %

40|

Efficiency Corrected Events/O

Sohool on Flavour rhyses, Dern SW, Vue 2070 740




24 d?, fe//(/%//ﬂtw(/a estimale

s At g%2=0, where phase space is closest to
BS—>J/\|1(<|)/ o)
(D+ — fo(980)eT v, fo — 7TTT) |g2=0

"Ry 2+11)%
f1o = dq L(DE — detr, ¢ — KHK~) |,2—0 = )

= Note that at g?=0 and in the case of
D.—¢m, the ¢ is forced into a longitudinal
polarization state

s CDF measures only 53% ¢, so these
ratios may be too large by x2

Setool on Flavow Physics, Bern SW, June 2070 147
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ﬂew? Letimates af /@ /&

s Colangelo, De Fazio & Wang [arXiv:1002.2880]
s Use Light Cone Sum Rules at leading order

= Prediction 1: Using measured
Z(J/v 0)= (1.3x2.4)x103
0 B(JIyf,)=(3.1£2.4)x104 (O order), R=24%
0 B(Jyf,)=(5.3£3.9)x10* (leading order), R=41%
= Prediction 2: Using ff for ¢ from Ball & Zwicky
larXiv:hep-ph/0412079] R = E(Es - j j A,
R, =0.13+0.06 (O order), ' /¥

=0.22+0.10 1st order

Sehool on Flavow Physics, Bern SW, June 2070 142
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LHCD
|- )

P‘I Check on Frediotion
= Note that Colangelo et al predict

= 8D, >f.etv)= (2.073)x107
s While CLEO measures
m 3D, >fe'v)=(4.0£0.6+0.6) x 1073,

= Which implies that the calculated form-factor
is low by a factor of 2, thus compensating for
['¢ /Ty = 0.53

Setool on Flavow Physics, Bern SW, June 2070 743
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Qf D Factorization

m O. Leitner etal [arXiv:1003.5980]
o Assume fg, = 260 MeV, f,, = 380 MeV

= Predict 8B, —Jhy f,) = 1.70 x 10,
: 2(B.—Jly ¢) = 9.30 x 10

= Ry = 0.187. They show small variation with
B.—f, form factor; “"annihilation” effects
important and decrease f, rate.

s "S-wave kaons or pions under the ¢ peak in J/y¢ are
very likely to originate from the similar decay J/yf,.
Therefore, the extraction of the mixing phase from J/y¢
may well be biased by this S-wave effect which should
be taken into account in experimental analysis”

Setool on Flavowr Physics, Bern SW, June 2070 144



AiLele, fa/r(/r(a/y 0f K estinates

¢ - — == D, hadronic

" SR t Dy semileptonic
Col. 1 L

Col. 2 :

Leitner

0 10 20 30 60 70 80

40 S0
Rey (Y0)

m Measurement will constrain theories
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@ fe/(@/'t/'w'b?y %s’//y (7/ 4 f&,

s From Stone & Zhang [arXiv:0909.5442] for LHCDb
s Assume Ry, ,= 25%
s Assume 2 fb' at 14 TeV (~4 fb' at 7 TeV)
m Errorin -2,
o J/y ¢: £0.03 rad (not including S-wave)
o Jiy f,, f,>rtn: £0.05 rad
o Jyf,+Jdlyn',n'—> ntry: £0.044 rad
= The f, mode should be useful

Setool on Flavow Physics, Bern SW, June 2070 746
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5 @_)(7/ \|]f0 f/}/m/ Seloclion

..E :' L L _' L e  Expected signal B! — J/y f (980)
g" 120 I (ﬂ) |111nn_11]‘%|:98ﬂj|<90 Me\ ‘ e EXpected signal EE — Jiy o
Ll — o | B = Jiyn'
n ¢ mimam B = Jiy K"
100— B & uvn(—py)
B E—] 8" =uyK
— & Other combination backgound
80 __ ¢ Total backgound
60 — _
_ e ° :
a0 —
20 | — _.."_I 2 -':_ . _l:'-.EE": ® —_
- :_-.-_...l-" ":.l . |
0 Evrebe eV VA = S e
5100 5200 5300 5400 5500 5600
Mg_(MeV)
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5_) (I)Y A7 Phi- ~Handed carrents

s Define - ABo=2"%| 7arg in SM
A (B = 0y) | -
Alst A® sinh Al

m Theory 1y g () ~ [APe ™ (cosh = 5)
taeers (0~ Tmae () where A2=sin2y

m Sensitivity (assume Al'g/T's=0.12)

s o(sin2y)=0.22 2fb! "

= o(sin2y)=0.10 10fb"" °

s o(sin2y)=0.02 100fb" © == 1Al

1 ‘ [ — Bl 1 | —e— AA=O
O.QS?TjT—‘—':T: T r ‘ ‘
0.9;

1.25

ary [ 1
500 fs

1.2

1.15

—04 A% =0
AN

A8
A
]Nclata

0.857||\||||\||\|\\|\|\||||\|\||\|||\\l
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5 e M+ L & S upersymme L‘/y

. . B ey o H.+
= Branching Ratio very
sensitive to SUSY
= In MSSM goes as tan®p
1L e s e BB
CMSSM, n >0
. e tanf=10
° e tanf=50A =0
: tanp = 50, A, = +m
107 = ".l'. tanf = 50, A: = -m:: _
:;:. - % .'. o tanf =50 A =+2m,,
= iu oo o tanp =50, A,=-2m,,
Q'_J,m 'o..
& : Bos
- 10° e.“::.ﬁt'z.... =
C T %®o0 5 % o
e aeee——memm——aeee .
, ——— 1 SM
J. Ellis et al., hep-ph /0411216 |
S N RN N B ARV B
200 400 600 800 1000 1200 1400
m,, [GeVl  Gaugino mass
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and

= With 10 fb-? barely able to make significant
SM level measurement

m Precision measurement requires 100 fb-"

— = —=—---. CDF+DO0 expected

\ 9 for

: SMp;redchf.l:m DRI : 56 measurement

-
o

l"‘-.-'!q“

| i iy |
~J_ " “~=—=—=g—_ 35 measurement

N -

BR(B->u'u) (xI0)

Sehool on Flavonr /p@&/’a&, Bern St //, Jane 2070 750
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St -

W- Vi

s Standard Model: b

m Supersymmetry:

: ;
Higgs box Neutralino loop

Setool on Flavow Physics, Bern SW, June 2070
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—A

= Described by three angles \ A

mass g-?

(0,, ¢, 6) and di-u invariant \\\\ h

o Forward-backward asymmetry N

Arg of 0, distribution of particular mterest
- Varies between different NP models —

- At Az =0, the dominant theoretical
uncertainty.from B ,—K”* form-factors cancels at

LO
N. —N
AFB (qz): NE "‘Nz

Setool on Flavow Physics, Bern SW, June 2070
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L—A
= State-of-the artis recent _Beﬂe (ICHEP '08)

625 fb-' Belle analysis
~ 250 K*// arxiv:0904.07701

m CDF have ~20 events

in 1 fb1 arxiv:0804.3908 04— 24 anmmmmz I

s LHCb expects ~360 in — IC;;‘EG‘;’TS’S
300 pb-!(with it only) .

1.2 . I
- SM : :
@ 27(.‘,DF Run Il Preliminary L=4.4fb" 1 C;' C_!g,yl : !
< | Agg(B’ — Kwy) 0. E:_ Cgc = C C ‘SM |
o # Data | @
hat —SM e = AFB=‘AFBS* wa ! &
i G, =-CSM < 0.4 I ! ' s
T = -
0.5 B Vra
D -,:-r. PP T [ TR SR WL ) PO e
i 0 2 4 6 8 10 12 14 16 18 20
-0.5-
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Other #/y«%zﬁ Variabtes in £ *]JJF L

s Supersymmetry (Egede, et al... arXiv:0807.2589)
m Use functions of the transverse polarization

( 2 e e
Ap p=V2ZNmp(l - 3) {c’g -:mu)+—[c”“+c ()] ¢ (B,

AT NP 2 feff)  (eff). ]
Ajrp=—V2Nmp(l - &) | (5" F Cio) + —2(CF° ¢l W e (Bx.). & are form factors

N my f e +le e
Ao p = —— ﬂlBT(l — Sﬁlzliff £ e0) + 21, (C B l‘ ) ]fn (Erc+ ),
Qrmgcs V' 8
Agr At — A A 6. 10 fb’ LHCD. assuming -
A~ Boedle Shecirl 0 LGy iy
[ASL AL +AGRA||R| A(4) j
T o
With more JL can distinguish between b
different SUSY models in some cases = E=m ¢y &

Sehool on Flavowr Physics, Bern SW, June 2070 ¢* [GeV?/c'] /



LHCD
. )

What Can LHCS do on a_,7

s Recall . _F(B—)f)—F(B—)f)
' F(I§—> f)+F(B—> f_)

s DO measurement used dimuons, but this is a
difficult measurement sensitive to the sum
a(s)+aq(d). It is very sensitive to muon fakes
since K* and K- have very different fake rates
due to different interaction cross-sections &
the detector has a significant amount of
material

Sehool on Flavonr /%f&’/a&; Bern St M June 2070 155
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(HOH a1

s Easiest to measure the difference between
asl(s)'asl(d)

= Consider B;—»D utv & By —D-p*v with both
D, & D- —>¢n". Look for difference here
between B.-B° & B.-B°, the asymmetry
between D ,fuv-D*uv & Doutv-D-ptv. (Can
use other decays.)

= Since B-factories have limits on a.(d), this
method can confirm or deny DO result.

= Must worry about B production asymmetries

Sehool on Flavonr /Dé%f/a&, Bern St M une 2070 756
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Lootic Searches

s LHCb complements the ATLAS/CMS solid
angle by concentrating at large n and low p;

= Sensitive to “Exotic” particles decaying into
lepton or quark jets, especially with lifetimes
in the range of 500>t>1 ps.

= We will show one example, that of “Hidden
Valley” Higgs decay

Sehool on Flavonr /Dé%&’/a&; Bern St M June 2070 757



LHCD
|- )

Search faﬁ Hdden Va/é%&

= New heavy Gauge sectors can augment the
Standard Model (SM) as well SUSY etc..

m These sectors arise naturally in String theory
m |t takes Energy to

. LHC
excite them VAR
= They couple to SM \ hiden
] , LEP | valley
via Z' or heavy FERNE
particle loops I
s From Strassler & <7

Zurek [hep-ph/604261]

Sehool on Flavounr /Qé%s’/a&; Bern St M une 2070 758
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= Recall tension between N =
predicted SM Higgs mass | \:: ‘2,;2;;;_3325372 '
using Electroweak data & . | \i = _
direct LEP limit o _
= Limit is based on SM 1]
decays, would be void if o Excluded o g Prelminen]
there were other modes m,, [GeV]

= Hidden Valley provides <l
new scalars n°,, allowing ”an»<ﬁ
Ho— n°, m°, — bb, with h
long lifetimes possible.
Sehool on Flavowr Physics, Bern SW, June 2070 759




/%&s’ Fesolutions

~ 14k Higgses in LHCh acceptance for 2fb-1

m E’ - ~ 30-35% trigger efficiency
140 7Y SRR E— = ~ 4-5k Higgs decays (low bckgrd)
E = F ' | before offline analysis
5= o - ]
—120 -
= ; : : 2120 I ~ ..... |] ...............................................................................................................
o : ; ; T r H° 0. b
0 o my=120,m, =35, 1, =10ps [ e e = M T
foop 100f= 1 ______________ | ......................... my=120,m,=35,t,=10ps.....
................................................................................................................... sof. .I[
ool l _______________________ { _________________________________________________________________________________________________
| | ;
sof-1 an
L [ T | |
S IATTY!
C "H+ J.+ +* + L+ "++ + iH Vs
[I-'t' T T T ‘+.I +I+1*Ir:|ﬂ 0-""'I""l"" IIIl lll‘il :"l'lh
0 20 40 60 80 100 120 140 160 180 200 0 100 200 300 400 500 600
Di-jet invariant mass [GeV] Four-jet invariant mass [GeV]

o Expect a few thousand reconstructed decays in 2 fb-

Sehool on Flavonr /Déf&’/a&; Bern St //, June 2070 760
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7%40 /{/@ gd/( é//ﬁ}/‘d/@

= Run at higher luminosity

= Improve efficiencies
o especially for hadron trigger
o Photon detection
o Tracking, e.g. reduce material

= Improve resolutions
o Photon detector
o RICH

= Basically build a better magnifying glass!
o New VELDO, etc...

Sehool on Flavour /Déy@/a@, Bern St //, Uune 2070
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Current 7/:4}%@/0 [ff/&/é/(&%

= As usual define trigger e= # events accepted
by trigger / # of events found after aI other
analysis cuts T 1| B

m LO typically is 50%
efficient on fully
nadronic final states

= HLT1 is 60% on DgK
m HLT2Z is 85% on DgK

m Product is 25%, room for improvement

Jfplee)k,

LO efficiency (%)
ek

JAP ()

Sehool on Flavour /Déy@/a@, Bern SW, June 2070 763
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Ow Goal

m To collect signal at >10 times current rate,
then we will possess the most powerful

microscope known to man to probe certain
physical processes

2 We will use specific channels and show rates
can be increased, but the idea is to be able to
iIncrease data on a whole host of channels
where new ones may become important

s We are taking into account possible
changes due to the LHC schedule...

Setool on Flavow Physics, Bern SW, June 2070
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Pﬂ Current /@f(/{/}y CondlCions

Luminosity 2x1032 cm?/s at beginning of run
s Take o = 60 mb, [o(total) - o(elastic) - o(diffractive)]
= Account for only 29.5 MHz of two filled bunches

0.8

m Most xings don’t have —_|
. . Bl ® L=2x10"* cm¥s
an interaction hdl

= Need 15t |level trigger
“LO” to reduce data by |
factor~30 to 1 MHz o

= Higher Level Triggers

reduce output to 2 kHz ®
0 | | A &
Setool on Flavow Physics, Bern SW, June 2070
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| |
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é//ag/‘aa/e /@/{/{//{} fw(a#/cm’

m First step run to 1033
increases average # of ° % [S2an e
. . 06 _ 33
int/crossing to only ~2.3 2
C B ETL
= Second step to 2x10%° g _|
increases to ~4.6 b
: : e o
m Trigger change: will . g o
readout entire detector e o %
. @ o @]
each crossing & use Le aa®ea.®g
0 2 4 6 8
SOftware to SeIeCt Up to Number of Interactions/crossing

20 kHz of events

Sehool on Flavonr /Déf&’/a&; Bern St //, une 2070 766



LHCD Ove Lo [HO Sensitivitios fc’ﬁ 213

0.3 fb-1 2.0 fb- 10 fb- 100 fb-1
Error in -2, +0.08 +0.03 +0.013 +0.004
#o wrt SM 0.5 1.3 2.8 8.8

value: -.0368

= With 100 fb-! (LHCb upgrade) error in -2f3«
decreases to £0.004 (only «
iImprovement), useful to distinguish among
Supersymmetry (or other) models (see

Okada slide), where the differences are on
the order of ~0.02

Sehool on Flavowr /Déy&’/a&; Bern St //, June 2070 767
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4% &//(e/‘a tion Model

= New heavy t' quark e ‘
- Changes many rates M 2 % m.F600 GeV |
& CPV in many P R
modes % 6-09 | m,=400% &
= EX. ey
m Soni et al 2¢-09 | |
1 08 06 -04 02 0

arXiv:1002.0595

= Likely to need 100 fb-"
to distinguish among
models

Sehool on Flavonr /Dé%&’/a&; Bern St //, June 2070 768
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Conclusions

= We hope to see the
effects of new

particles observed by
ATLAS & CMS in

“flavor” variables in 10

fb-"

= Upgrading will allow
us to precisely

measure these effects

Upgraded Sensitivities (100 fb-)

Observable Sensitivity
CPV(B.—0¢) 0.01-0.02
CPV(B—~¢K,) 0.025-0.035
CPV(B,—>JIyd) (2B,) 0.003
CPV(B—~JyK,) (2B) 0.003-0.010
CPV(B—DK) (y) <1°
CPV(B,—~DK) (y) 1-20°
Z(B,—ptu) 5-10% of SM
Arg(Bo>K*utuo) Zero to +0.07 GeV2
CPV(B.—¢y) 0.016-0.025
Charm mixing x'2 2x10-°
Charm mixing y’ 2.8x104
Charm CP yp 1.5x10+

Sohool on Flavour /Dé%&/o‘s; Bern S //, Uune 2070
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[he Fulure

= Yogi Berra: “lts difficult to make
predictions, especially about the future”

m Possibilities:

ATLAS
CMS BSM Only SM BSM
high p; physics

LHCD
flavour physics

Particle Physics @ @ ©

Only SM BSM BSM

= Fourth possibility too depressing to list, but
LHCb measurements could set the scale of

where we would have to go next
Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 770
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LHCH Erpectatins 300 pb”

= Upper limit on Bg—ptu-

100 ] T T L] L4 ¥ l
_ _ CDF&DO@2f")

og xpected CDF & DO (9 fb™) .
r L] L] L] s T A S aE - 4
<
~  10-
3
+
1 -
;T‘ BB sm prediction

(/)]
% 190% C.L: exclusion limits at'8 TeV CM
(a8

1 ; ; ; : ;
0.0 0.1 0.2 0.3 0.4 0.5
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/Dé%@/'a@ Case faﬁ @/ﬁyﬁaa(%’

= One view: Most major discoveries have been
not “planned.”

¢ /“6}0@ Jé-(/'&@ eeeeeeeeeee i
Household Cleaner
— Vinegar
' Works:
Wonders:

L eft

| Left
undisturbed —» = &

€ . ‘
.- undisturbed — [

R

Sehool on Flavour Péf&’/&&j Bern S //, June 2070 773



2 C{? Eva//(/ﬁ%/&' af feﬁe/(c///b/l‘aa@ Diseoveries

Device User date Intended Use Actual use
Optical : o :
Galileo 1608 Navigation Moons of Jupiter
Telescope
C(_)mpound Hooke 1650 Magnification Bacteria, Cells...
Microscope
Optical Hubble | 1929 Nebulae Expanding
Telescope Universe
Radio Jansky 1932 Noise Radio galaxies
: Penzias, : : : 3K cosmic
Micro-wave Wilson 1965 | Radio-galaxies, noise background
Super : Neutrino
Kamiokande Koshiba 1996 Proton Decay oscillations
Spear, BNL Richter, Ting | 1974 Hadron production Jhy
Tevatron CDF, DO 2007 Find Higgs Boson Bsoscillations

Setool on Flavow Physics, Bern SW, June 2070 174



el 7;4}}@/4 r.gﬂ@&/f/'&dt/'ﬂ/(é’
= Projected online farm is 16,000 cores. Original
spec was 1 GHz, but now getting 2.8 GHz

s For 16,000 processors we have 25 ns *16,000 =
0.4 ms to make a decision (probably will have
>10 GHz cores)

» We need a trigger strategy that executes in (0.4
ms) that is maximally efficient on signal and
reduces the background to an acceptable level
2 Minimum bias must be reduced from 100 MHz

interaction rate to <10 kHz, reduction factor is 100,000
to get 1 kHz background rate (~same as now)

o We specify g;,,,>50% on hadronic events, but aim
higher

Sothool on Flavour /Dé%@/'o@, Bern S //, ane 2070 775
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We are sensitive for
lifetimes shorter than
a few hundred picoseconds

s ATLAS/CMS are designing
triggers to see these

Pﬂ ﬁm/a/eme/(fa/‘/by with # f A f/ f/% f

SV reconstruction efficiency
= o = ==

e

..........................

-llll llllillllillllillll
00 200 300 400 500

D t

lllllllllllllll
00

t PV [mm]

decays if they occur in their calorimeters or
muon system, sensitive to much longer

hep-ex].

ifetimes. See S. Giagu “Search for long-lived
particles in ATLAS and CMS," arXiv:0810.1453v1

Setool on Flavow Physics, Bern SW, June 2070
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SR tipgs Studies
= Many different kinds of exotic decays
possible, but we have studied only two so far

m WWe know H° production cross-section as
function of H° mass, e.g. gg — H° is 30 pb for
m(H)=120 GeV at 14 TeV

= WWe must show
o Efficient triggering
o Efficient b-jet and mass reconstruction

0 Sensitivity to short & long lifetimes of the =°, or
other intermediate objects

o Background rejection, e.g. 4b o i1s 5.5 ub

Sehool on Flavonr /Dé%&’/a&; Bern St M June 2070 777
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m LO is hardware
trigger, uses
calorimeters &

m HLT1 is 1st level
software

m Efficiencies are
quite high, as
expected

Efficiency

1.05

—
| n L] ] L] | ]

0.95
0.9

0.85

0.8

Setool on Flavow Physics, Bern SW, June 2070

=120 GeV
m =35 GeV

HLT1 normalised to rate after L0

v-pion lifetime [ps]
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74//}@/‘ Level ﬁgy@ﬁ

= More software cuts. Also high efficiency

Egeom (Y0)
14

14
14
15

m Also reduces 4b background to a negligible
level, since the energies of the b’s are much
lower

Sehool on Flavonr /Dé%&’/a&; Bern St M June 2070 779
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~ from trees

Current experimental status in key channels:

Mode BABAR Belle CDF
Yield  [L£dt  Yield [ £dt Yield [ Ldt Totals
(fb~1) (fh~1) (fh™)
BT — DK* GIW 240 351 143 252 01 1 5
B+ — DK+ ADS 370 212 1220 602 } D(hh)K ~ 2k
Bt — DK* Dalitz 610 351 756 602 > DO(Khh)K®  ~ 2k
B° — D*r¥F 15 % 10 212 26 x 10 353
BY — D*K¥ 7 22 (at T(5S)) 109 1.2
D(hh)K 4.8k
LHCb expectations with 100 pb-’ —_ D(Ksmm)K 340
(but including no HLT, and Dn 80k
assuming 14 TeV xsec) DK 450

Sehool on Flavowr /Déy&/a&, Bern St //, June 2070 180
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[ e L[/(Q//fm af 5 a/‘%ye/(w/if

= When the Universe began, the Big Bang, there
was an equal amount of matter & antimatter

= Now we have most matter. How did it happen?

s Sakharov criteria

o Baryon (B) number violation

o Departure from thermal equilibrium
o C & CP violation

» C is charge conjugation invariance (particle — antiparticle)
= P is mirror reflection P[y(r)]=twy(-r)
= S0 one way of viewing CP violation is left-handed

particles behave differently than right-handed anti-
particles

Setool on Flavow Physics, Bern SW, June 2070
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ek Saktaror Criteria AV faf/{?f/éa/

= B is violated in Electroweak theory at high
temperature, B-L is conserved (need quantum
tunneling, powerfully suppressed at low T)

= Non-thermal equilibrium is provided by
electroweak phase transition

m C & CP are violated by weak interactions.
However the violation is too small!
a (ng-ng)/n, = ~6x10-'°, while SM can provide only
~10-20

= Therefore, there must be new physics

Sehool on Flavonr /Dé%&’/a&; Bern St //, June 2070 783
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Hoerare éf Froblon

= We don’t understand how we get from
the Planck scale of Energy ~101° GeV
to the Electroweak Scale ~100 GeV
without “fine tuning” quantum
corrections

Setool on Flavow Physics, Bern SW, June 2070 784



LA C {). fe/(em/ (ﬁmﬁm‘m fo/o Flavor /Déy&/é&

s Expect New Physics will be seen at LHC

a Standard Model is violated by the Baryon
Asymmetry of Universe & by Dark Matter

a Hierarchy problem (why My;i,0s<<Mpjanc)

= However, it will be difficult to characterize this

physics

= How the new particles interfere virtually in the
decays of b’s (& ¢’s) with W's & Z's can tell

us a great deal about their nature, especially
their phases

Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 785
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b5 Decay Diagrans

m a)islargest s

diagram

Ucepwt

ds

utreea’ |eve| L\COI’U
' g

a) simple spectator

/,0,C

e) & f) b W o
contain U>W““<:Q i s

\Y

b coru
—— E‘l\/ﬂ_ EUC
i—q.\ds

b) hadronic: color suppressed

»- C Or U
N W L

“loo pS,” c) annihilation d) W exchange
other o
intermediate 4_5 uct? b & teu %sd
partiCIeS €) box: mixin v%\y‘g
. g .

COUI d f) Penguin
contribute b s b, W s

z tLou W tCur o t:: 7!<t .
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Flavor in the Standard Model

Setool on Flavow Physics, Bern SW, June 2070
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ek Conclusions

s While much has been learned about flavor in the
last decades, even more questions have been
raised including:

o Why 3 families?

o What is the relationship between quark mixing & neutrino
mMIXing

o Why haven’t we seen the affects of new heavy particles?

m Flavor decays are an essential way of establishing
the identities of anything new that is found

s Congratulations to Kobayashi & Maskawa for their
Noble Prize!

Sehool on Flavowr /Déy&’/a&; Bern St //, June 2070 788
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[ te Standard Model

= Theoretical Background

o Physical States in the Standard Model

uy (c tj
ROV § P S S - SRR IO o
o) e

o The gauge bosons: W=, vy & Z° and the Higgs H°
o Lagrangian for charged current weak decays

L, =——2=J“W +hc.

cC \/ECCy

o Where (e, )
Jie :(‘7ea‘7ya‘7r)7/yv|vn\|s Ky
7L

(d, )

B

Setool on Flavow Physics, Bern SW, June 2070
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The CAM Matris

( Vud Vus Vub \
VCKM — Vcd Vcs Vcb
N th Vts th Y,

m Unitary with 92 numbers — 4 independent
parameters

= Many ways to write down matrix in terms of
these parameters

Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 790
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[ e é//(/'b‘aﬁ/f% ﬂ/&/y/e

= Divide by V_ V. * to get a triangle in the
complex plane whose base is 1

(p.M)

ViV VaVie | o1V
Vca’ Vc}{; Vcd ‘/c;; A Vts
i\ All side & £
Vay measurements can be
(0,0) (1,00 | expressed as functions
of p&n

Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 797



LHCD
|- )

The ol of QCD
run f

m Interpreting fundamental quark decays
requires theories or models than relate
quarks to hadrons in which they live and die

= In some measurements the QCD effects
cancel completely, in others QCD accounts
for small corrections, and yet in others it is
the dominant error

s Some experimental studies in b & ¢ decays
serve to check the theory

Sehool on Flavonr /%f&’/a&; Bern St M June 2070 792
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5&/&5/@ Constraits on 0D d&n

= Consider V,/V,, =A(p+in), Ve Or;’ub w- FEH
we measure the ratio of rates q—*“éc \;ru
b—u/lvib—clv o« T~ g
IV o/Vel? =A%(p?+1?), a circle
o Unfortunately, there are theoretical errors due to
the fact that the b quark is paired with a light
quark in the B meson, so error on |V /V | is ~ 5-
10% & is fiercely debated
= Another important ratio is |V 4/V,| which is
related to the ratio of the frequency of B°/Bg
MIXiNg. The dominant error here also is theoretical

Sehool on Flavonr /Déf&’/'a&; Bern St //, June 2070 793
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/%/‘a on 5 /%//v//y

u.c.t

o R - d
= B° mixing measured by ARGUS __w§ gw __
in 1987 | ued
= AM=0.507+0.004 ps-! o BABAR
(current world avg) s °«: 4
g E 0.2 E_ + f/f _E
EE ° - | I ]
j)L:) 0.2 E_ \W _E
= 04 -
O o6l 3
08 P(t)~1+cos(Amet) 3
What we are P S T S S
interested in 0 2 4 6 8 10 12
= | |At] (ps)
o Am ; ' o o[ m?
Tg= — = MpTR m; F — |7

Sehool on Flavow| s efieal/detbrmidéd parameters 194
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s Measured by CDF in 2006

P(t)~1+cos(Am.et). A=1 is signal, A=0 elsewhere

LHCD
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[*]
™

=Y

K e

—_—— ..
[ —e—data }

o[ — cosine with A=1.28
.................................
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—a
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o

—
LI B |
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@ [
(@)

- I1IDI - I1I5I - I2IOI - I2I5I - ISO
Am [ps'] Decay Time Modulo 2n/Am, [ps]
Am, = 17.31702 £0.07 ps™*

2
| NOte l’\/;d _ (p—1)2 +772 _ ﬂ, BBB :Bz mB TB
o fo Mg 75

’\/IS s B, B,

a circle in the p—m plane centered at (1,0)
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Ky sattioe QCD & Determivatin of 5

Cannot measure fgo & fg,
We can measure fp+ & fq

c Ved 0rCS+ £+
D+ gluons w C\%
(s d Y Q)
o
fo+ CLEO results S
fy+=(205.84£8.5+2.5) MeV £
)
Calculation of Follana et al 3
208+4 MeV
Excellent agreement!

Setool on Flavow Physics, Bern SW, June 2070
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Froblem with f D 7

s Weighted Average CLEO + Belle:
fps=270.4+7.31£3.7 MeV

m Follana et al: 241+3 Mev

s May be a problem here, but errors still
large

= [n any case take f3;=268+17+20 MeV &
fa/fg=1.20£2+5 from average of several
results (see Tantalo hep-ph/0703241)

Sehool on Flavonr /Déy&’/a&; Bern St //, June 2070 797
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#@ﬁé& %m\QP i B8 Dec ays

u.c.t

= For CPV we interfere two decay b - -
amplitudes, one the direct decay 5__ % EW.‘.b
and the decay via mixing. 0,c,t

Consider what happens if Be—f
and Bo —f, with f=T

= The mixing amplitude for B,
generates an asymmetry
~sin(2[3), where

sin(2B)=—2(1-p)n/[(1-p)*+n’]
o Asymmetry means I'(B° — f)_l"(EO — f)

° ['(B° - H)+I'(B° — f)
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CP i Dec ay

= Must also consider effect of } v,
CKM matrix elements in —»—dZ
specific decay channel ——‘\ }

m For B°—J/y Kg, this phase = 0, since the
decay proceeds via V , & V

m Theresultis a;(t)= —sin(Z,B) sin(Amt)
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What we don ¢ #now aboul
Flavor

Badpols dlilbar iy, Flpsio8, BOOSSW, Juwe 2070
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Flavor as tool fc’/‘ a/(c/e/‘@fd/(c//}g/
NP

Future Experiments
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5 50/@/‘/}1(@/(5@
= Recently = New

Completed 2 LHCDb @)
a1 CLEO o BELLE Upgrade
10 BABAR = Proposed
aBELLE 0 Euper It3 (gt

= Ongoing higher Ui Belle
21 CDF @y Upgrade
aDO @y 2 LHCb Upgrade

(Bs)

Badpols dlilbar iy, Flpsio8, BOOSSW, Juwe 2070



Cuwrrent Status

all }\

. cos(p.) x Ar.M ‘_

6L $ New Physics in B.—B. mixing
I Capri 2008
-3 -2 -1 0 1 2 3
ds

s Combined data
are 2.4c from
SM prediction

m Ve shall see...

m From Jérome
Charles, Capri,
June 2008

s Similar results
from UTHit,
Silverstrini
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Fgﬁ% Fhysios Goals of B Decay Studes

m Discover, or help interpret, New Physics

found elsewhere - There is New Physics out
there: Standard Model is violated by the
Baryon Asymmetry of Universe & by Dark
Matter

s Measure Standard Model parameters, the
“fundamental constants” revealed to us by
studying Weak interactions

s Understand QCD; necessary to interpret
CKM measurements.
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LHCD CF wiolation using CF egenstates

= CP asymmetry _ (t):F(BO(t)—) f)-T(B°®) > f)
o T(B(—> f)+r(B°() > f)

= forg/p =1 (1—Wz)cos(Amt)—2Imlsin(Amt)
CY (1) =

1+\/1\2
= When there is only one decay amplitude, A=1
then a. (t) = —Im Asin(Amt)

= Time integrated

a,(t)=———Im A =—-0481Im A
1+ X

good luck, maximum is —0.5
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LHCD

CF violation usiny CF egensiates /!

"FOrBe g (ViV)  (tpeiny

q_ o2
2 . .
p |viv,[ (I-ptin)(1-p-in)
Im( j 20-p —=sin(2p)
Q) (1-p) -+’ n
= Now need to add A/A 0 B 1
a for Jhy K P
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%KQF &‘00//% See fmaté/}y

ot e 1 05 using all (b, AT ) inputs,
ATs = AT2M is excluded at only 1.9¢

s = —2ps is excluded at 2.4,

| while the 2D hypothesis ¢ = —2p,

\i:w (wrt to 1.40 from FC treatment by
2 cos(pe) X AL ‘ CDF)

0.6

04 r

0.2 r

\

TN

Fs
TS

1 very transparent analysis: all theoret-
| ical uncertainties are contained in the
SM prediction

_06 | . New Physics in B.—B, mixing ] SM +0.017 :
os| [CETRY ATM = 0.090+9-017 bs (red line)
S 2 o . i : )
ds

s From Jérébme Charles, Capri, June 2008
s Similar results from UTfit, Silverstrini
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[HC6 Foack fa/‘ 5/5 o M+Ll_/

Current CDF Limit
P
— 10
P
Nad
——
+:3‘ ’
A "SM prediction R 5 discovery
e | NS =
= = - -"""---j'f_3c observation,
= = = = = | 90% probability
Range from MC
! statistics
0 1 2 3 4 5 B 7 8 9 10

__ Observation by LHCb expected in 10 fb!, but 100 fb-! needed for
« precise measurement

a 7 —-
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1
\

Info on B candidate  Leroy, Rufetal.

| LHCb preliminary 2010 |

 Studies of J/y vertices in sample showed

w _F
Q18—

that some not consistent with PV 51,5; Olivier Leroy
« Example: plot of J/y pseudo proper-time —_ E’:j:
showing suggestion of ~ 4 non-prompt candidates 8_

* This is about the fraction we would expect from MC
(assuming the cross-sections in the MC)

:H]nﬂﬂ"

0 2 3 4 5
Jhy proper time (ps)

 Displaced candidates have been scanned in Panoramix, to check in particular
whether vertex looks truly displaced, or whether it is in an unreconstructed PV

* One event is of particular interest: 69618 12484. The J/y vertex has another
track well associated with it which is identified by the RICH as a good kaon
candidate. The invariant mass of the vertex is 5315 MeV, which would be within
2 sigma of the B mass assuming the resolution in the MC. The kinematics and
topology of the event look ‘normal’. It passes the established B—J/yK selection.

» With the MC cross-sections, we would expect ~0.15 B—J/yK events.

v

]

VIUOIC UC LA

o st or g

ONn.webp
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Ohada Modele fa/ma/y

Possible deviations from the SM prediction

By - T-dep CPV | b_.sy T-dep CPV | LFV
unitarity in B—¢Ks, | direct CP | in Bs—J/wo
Triangle B->K*y
test
MSUGRA _ _ - - -
SU(5)SUSY n—ey
GUT + vr — _ _ o
(degenerate)
SU(5)SUSY <~0.05 <~0.05 |u—ey
GUT + vr — R
(non-degenerate) o
U(2) Flavor | < g <~0.05 |<a <~0.05 |u—ey
symmetry
few % few % Ty

Sl Favsr Physiss, Borrn S, Jne 2070
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&/f(/ﬂ/&&/'wﬂ}y with Cosmics

= Challenge: LHCb is NOT|
suited for cosmics

o “Horizontal” cosmics well
below a Hz

o Still
(July — September 2008 )
recorded for Calorimeters

& Muon
= Alignment in time and space was done
m LO trigger parameters were set
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