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e Introduction : b physics and LHCb

* By— MM
e B— K*uu
e Search for physics beyond SM in B, mixing or CP

e B-> K*y and B.->Phiy

e Hadronic decays : Measurement of the UT angle v /@,



1977 : b quark discovery

9.5-10.5 GeV : The seriesof T

Observation of a Dimuon Resonance at 9.5 GeV in 400-GeV Proton-Nucleus Collisions
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Dimuon production is studied in 400-GeV proton-nucleus collisions. A strong enhance-
ment is observed at 9.5 GeV mass in a sample of 9000 dimuon events with a mass m -

>5 GeV.
25 -' T T T T T T T T
g2of |
g It BaBar
T } '.
= A
T 1F o A
O S S A
N Y R S
b [ ¢ (P o Masmey et
Y(1S)  Y@S)  T(38)
D 1 1 1 1 1 1 1 1
944 946 10.00 10.02 1034 1037  10.54 10.58 104

Mass (GeV/c)

T T T W T

p+ RN LEL

PO TETT TR T T TR P LTI T

!-l-n""";h

5= rBNY THING

o ptut
Ot

o
o[E
'lu L
%A
rﬂ -
-
L]
Ilr
-%% .
10§




Why B physics ?
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SM does not predict the value of the CKM matrix elements
CKM accounts for the CP violation, but doesn’t really explain it



B hadrons :

e Many decays < many observables

e Mixing phenomenon and CPV

e Many observables for which the SM don’t hide NP (ex: no CPV processes,
suppression mechanism like loops, GIM-suppressed FCNC, etc..)

e Many different couplings to NP can be measured.

e Loop/boxes : NP part. can contribute even if too heavy for a direct observation.

b a,c,t ~ = b B
< <4d:s 2 (I)
By s ? B, B, C
—> > 13 KO ¢
d,s u,c,t b ds d,s s’
Table 3 Argus Collab: Phys. Lett. 192B (1987) 245

Limits on parameters consistent with the observed mixing rate.

Parameters Comments

r>0.09(90%CL) this experiment

x>0.44 this experiment

B'fuxf, <160 MeV B meson ( = pion) decay constant
m,<5 GeV/c? b-quark mass

1<1.4x10" "5 B meson lifetime

| Vgl <0.018 Kobayashi—-Maskawa matrix element

Nocp <U. QCD correction factor ¥
m, > 50 GeV/c? t quark mass
5
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NP ? A lot of choices .. !

e Various realizations of SUSY : (MFV-)MSSM, generic + mass insertion,
mSugra, GUT, w/ or w/o R-parity, etc...

eLittle Higgs Model

e4-th generation

Effective theory : a game with scale and couplings

Flavour structure of the theory

@ Scale of the NP (=mass of the new particles)



The LHCb detector

Single arm spectrometer

\ ==

M4 MS \ \ = =~

e S S

SPD"E PCSALHCAL el \ 3 =

T3 RICH2 - 6 =
M1 t Y/ 9 =

f,..? 'f?r v

does not occur

— ' b

Acceptlgmnce . ~ 10'to 300 mrad

15% of o, with both b in LHCb acceptance
= need for an efficient trigger

bb cross-section = 284 + 53 pb at the LHC
(pp collisions at Vs = 7 TeV) [PLB 694209]



Magnet

Vertex
Locator [

e \Very precise vertexing
e vertex detector : 8mm from beam

eVertex detector is retracted during injection H-r:""?| VELO sensors
T

e p/K/r identification
e 2 RICH detectors : separation up to 100 GeV

hﬂ ﬁpnzontal plane

e dedicated heavy flavour trigger
e LO : hardware trigger : high pT hadrons and leptons : 1MHz
o HLT flexible software trigger (full tracking and vertexing) : 3 kHz



2011 : integrated luminosity

LHCb Integrated Luminosity at 3.5 TeV [ 2011-10-24 06:04:20 |
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e Short introduction

* By— MM
e B— K*uu
e Search for physics beyond SM in B, mixing or CP

e B-> K*y and B.->Phiy
e Hadronic decays

- Measurement of the UT angle Y /@,

- Charmless decays
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SM : very rare (GIM and helicity Large sensitivity to NP, eg:
suppression) MfMEtanﬁ 5
Brsm(Bs—pp) = (3.2+£0.2) x 10-° M4

 Search for a very rare signal at hadron colliders (Tevatron and LHC)

* Sophisticated analyses

» Look for signal in bins of NN and invariant mass

* A lot of efforts put on using as much as possible data instead of MC

 Blind analyses

e Search for B, and B, (B, even smaller in SM) : would help to disentangle NP models
(both BR changed differently in leptoguarks models ...)

[ BTMSSM (Bq —> €+E_) X

11



LHCb-CONF-2011-037
Analysis strategy

e Soft selection

e Discrimination between signal and background Boosted Decision Tree and B mass
e BDT combining 9 topological and kinematical observables
e BDT calibrated on B —hh (signal) and B mass sidebands (background)
*2D plane (4 BDT bins, 6B mass bins)

eMass resolution :
e Interpolation between J/y— ppand Y>> pp
e checked using By .—~hh

e Normalization for BR extraction
e compare S with yields of events from known BR (By—J1/wK, B.—J/w ¢, B4—~hh)
e use fy/f; from LHCb combined result (.267 +0-021 _/../)

e Extraction of the limit :
e assign to each observed event a probability to be S+B or B-only as a function
of the BR(B4 s~ 1 ) value
e exclude (or observe!) the assumed BR value at a given Confidence Level value

using the CLs binned method 5
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B invariant mass resolution :

o, (MeVic?)
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0.75<BDT<1 E
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X (mm) |

) m,, = 5.357 GeV
I?[jmary vertex H BDT = 0.90
4 Decay length=11.5 mm

Tracks shown for p; > 0.5 GeV
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Background only Background+SM
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CMS and LHCb (2010+4+2011) combined result :

jLHCb

[&
f4
p value (Bkgd only) : 8%

p value (Bkgd +SM) : 55 %
BR(B,—~HH) <11 10° @ 95 % CL

— O 267+0.021

-0.020

(about 3.4 x SM)

arXiv:1108.3018v1

. SO S, S— -
. 5q discovery
. 3 evidence

ICtion

10

i - i
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CMS + LHC
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m—— (Ohserved

E==iE Expected T 1o
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5 15
BR(BY — ) [107]

v
< |IxI0? @ 95% CL

X

~1 fb-1 for LHCb, ~3.3 fb-1 for CMS
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e Introduction : b physics and LHCb

* By~ pu
e B > K*up

e Search for new physics in B, mixing or CP

B> K*yand B> oy

e Hadronic decays : measurement of the UT angle y /o5
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eFlavour changing neutral current decay :
=(3.3+1.0) 10°

eSystem described by o K-
e|nvariant mass squared of the dimuon system g2 0 0
3 angles to describe the decay M\<\ K«
B R

*Probe of the helicity structure of BSM physics
eFirst measurement : A_; as function of g2

B ['(cosd,,. >0)-I(cosd,,. <0)
® I(cos@,,. >0)+I(cosd,,. <0)

+

uu CM frame
B, B

i S, value
1) o 20
sensitive to NP




B, (not B,) meson : can be studied at B-Factories

Low g? behaviour ?

Z0L1£0(6002) 6. A¥d

CDF (EPS2011) : 6.8 fb-1

o CDF Run Il Preliminary L=6.8fb"!
2B R E
8  1s8F
S E CDF
é 1 ~164 K¥up!
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T L T = /—"
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By —K*pp analysis strategy : LHCb-CONF-2011-038

eSoft selection

eEvent selection : Boosted Decision Tree
e Trained on B,—J1/wK™ (signal) and side-bands (background) from 2010 data
e Variables chosen to minimize biases on angular acceptance : B kinematics, BO
vertex quality, daughter track quality, impact parameter and K, = and py PID

eEfficiency correction (angular acceptance) :
e event by event correction

eFit for observables :
e simultaneous fit to the B mass and

the angular distributions @4000 ]
e Analysis cross-check : > J000Ry =
e use the known B;—J/yK™® angular £ . s " =y

distribution E

3400 1

1

"
| 1 L -i L a1 i L 1
5200 5400 5600
My, (MeV / ¢?)




After the JPsi and Psi(2S) vetoes :

LHCD

Preliminary

L =309 pb-!
N = 302+20

90
80
70

Clean signal, larger than CDF, similar
to BELLE

Events / ( 10 MeV/c?)

)

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII=II 1 IIII
5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600

My, ( MeVic?)

0

e Measure in 6 g2 bins
e differential BF dI'/dg? normalized to the By—1/yK*® known BF
e longitudinal polarization F,
° Arg

e simultaneous fit to 1D projections of 6, and 6, and B mass
1 d°T 3

| ; 3 | |
Tdcosf,dg® jFLU — cos” 0;) + g(l — F) (14 cos*6,) + App cosb,
L CcOs 0y € - _

1 d?r 3 5 3 )
= > = —Frcos” O + —(1 — Fr)(1 — cos” Ok 23
[dcosfydg? 27" oS oK T 4( L)(1 = cos™ )



Crosscheck on B;—J1/yK™0 :

LHCb Preliminary

‘_"‘140 II|III|I\I|III|III|III|III|III|III|II

20 B signal region -

0 Foidt et e brme o pimloio o b e o g o 4 e ey

-1 -0.8-0.6-0.4-0.2 0 0.2040608 1
cos HK

When including S-wave, result is in very
good agreement with BaBar analysis

Events /(0.1)

LHCb Preliminary

EAER L k8 1R 24 B3R RRRA e R ERRI R
lop B bkgd region
8: 1
HH ]
R . ]
p i

B

4+ 0y d
N A

-1-0.8-0.6-0.4-02 0 02040608 1

cos HK

900<M(Kn)<980 MeV
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Results for Az, F, and dI'/dqg?:

Theory B Binned theory

Theory B Binned theory

-o—|_ HCb —+CDF -#-BELLE —+BaBar ) _S>-LHCb —-CDF _-=-BELLE —rBaBar
E . L] L] L] L L L L L] L] L L L] L] L] L] - LL LHCb -
< L T J Preliminary 1
E 1 3
t | T
[ : 0 M o 2 2 ; o 2 2 2 1I0 2 M 2 o 15 H 2 2 o 20
i J q? [GeV?/c4]
-0.5- LHCb = Theory EEBinned theory
i Preliminary | . 15—ttt =rcDr - BELLE = BaBar
- 1 > LHCb
5 - [(}] ..
T N B B 9 Preliminary
0 5 10 15 20 X
2 27 .4 " 1
q° [GeViic®] o |
NU 3
E 0.5F
\
0 15 \ 420
LHCb: LHCb-CONF-2011-038 q? [GeV/c?]

CDF: arXiv:1108:0695
BELLE: PRL103:171801,2009
BaBar: PRD73:092001,2006



e Introduction : b physics and LHCb

* By~ pu
e B > K*up

e Search for new physics in B, mixing or CP

B> K*yand B> oy

e Hadronic decays : measurement of the UT angle y /o5
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Search for new physics in B, mixing or CP

e Mixing and decay governed by Schrédinger equation :

d ( (B°|B(t)) ) _ ( My — 4011 Mz — T3, ) ( (B°|B(t)) )

= | i . i ,
dt {ED|B(1‘,)) May — 5021 Maa — 5129 (§D|B(f)}
e time evolution — mass eigenstates
BL) = p|B) + q[B)
—
[Bu) = p|B") - q|B)

e 5 observables :

myg + my, 'y +T17 (
m=—2 5 = Am = my—my, I'= % Al'=1;,-T'y —{|
2 Z P
e 3 main parameters to measure (approximation) :
ia .- q ’ Fiof .
AM ~ 2|Mi,| Al ~ 2|['19|cos o L — =] = |- sin ¢
p M;ya
L ~ vy
mixing frequency decay width difference CP violation in mixing
Measured at B.—~KK lifetime B.—~J/we (CPV phase in mixing) ,5

Tevatron Asl



e With NP :

e Correlation with other FCNC observables :

Altmannshofer et al,
arXiv:0909.1333

10 03 0.0 03 10
L?I}I”;&
Correlation between BR(B.— p p) and CPV in B.—J/y ¢

28



Experimental observables :

e Mixing frequency :
e B.—»> D,(—>KK 7)n
e flavour tagging and decay time reconstruction
Nunmixed _ Nmixed

Amix(t) = Nunmixed_|_Nmixcd - COS(Amqt)

e CP asymmetry in dileptons :

e CPV= 0 in decay Nttt - N—- 1—|q/p|*
e probe CPV in mixing e = N+ +rN— " 1+ |q/pP
o7 0.02 — ‘ T

| o No result from LHCb yet :

,,,,,,,,,, ' e more complicated that at DO (asymmetric
i Il production)

i _ e Two methods :

» Standard Model - -Take only Bs, control asymmetry with
0.02| & BFactory WA. = 1 control channels
DOB—~uDX | ’ - measure the (time dependent) difference
-004- DQA!E \ AA=A(Bs - DJ(KKm)uX) — A(Bg — D(KK7)u~ X)
. DO A;95% C.L.
‘po,90m’ |
-0.04 -0.02 0 0.02 29
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Time dependent CPV in the B, sector : LHCb-CONF-2011-049
LHCb-CONF-2011-051

s mixing induced CPV due to interference in decays to common final state

oD
BY o

DM

@ _qbf)

# if fis CP eigenstate, time dependent CP violation with pattern
N(B — f)— N(B
(_ /) (B~ J) = S sin(Amgt)
N{B — f)+ N(B— [) t_
S = sin(pnr — 2¢p)

flavor at production

Acp(t) =

2P
in SM : -2.1 +0.1°

Decay time measurement and initial state flavour tagging are crucial ingredients
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Decay time : ml
pc Primary
vix
primary vertex z-resolution
vs number of tracks
T 0'3: Zindi 4778133
£ L Prob 0.04628
T 025 ] I-Const  0.8578=0.1154
.9 C PONQ! 0.8448 £ 0.08233
5 L Epsilon 0.01458 + 0.00751
E 0.2 LHCb VELO Preliminary
& o W5 =7 TeV
0.15]-
0.1
o.osf—
0:|I||||I|||||||||||||||||||||||||||||I|||
5 10 15 20 25 30 35 40
nTracks

10°
Decay time resolution directly g“’
measured from data : £ 10*

-

prompt JAp
with 2 random tracks

107

Decay time resolution ~50 fs 102

LHCb-CONF-2011-049

L=Bycr —~1cm

z B vertex resolution :
typically 0.3 mm

decay time distribution of Bs->J/psi phi candidates

LHCb Preliminary
\'s =7 TeV, L = 337 pb’
signal

\ non-J/psi background subtracted

-2 0 2 4 6 8

Decay time (ps)
third Gaussian picks up outliers



Initial state flavour tagging :

physics tracks

| B.—>3/wo or D.x
’

C2vertex

Opposite Side Tagging in LHCDb :
eKaons
emuons, electrons
evertex charge

Same Side Tagging in LHCDb :

Not yet used
eidentify a kaon that is close to signal B in phase space

(winter 2012)

Performances depend on the final state : o
‘ OST: €D

B.—oD.t
> SSKT: eD?

(3.2 4+ 0.8) %
(1.3 +0.4) %

Measured on data <
B,~J/PsiK OST: eD?* = (2.1 +£0.4) %
L <D> = 0.277 + 0.011 £+ 0.025
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e TWOo main modes :

i

{2

W .
—4\ :i} $(1020) — KTK™

* narrow ¢ resonance : clean

e Vector-Vector final state (P-wave)
- Full angular analysis (mixture
of CP even and odd amplitudes)
- Measure T’ Al and ¢,

| % 3 Y ¥ | L ¥ ' : I # ' ¥
LHCb preliminary

NS =7TeV, L=337 pb™]

5300 5350 5466
m(ptp  KTK™)

[MeV]

Events /5 MeV

324
0 :
s «*.\ : }o080) 1o

e slightly lower BF
e Vector-Pseudo scalar final state (S-
wave)

- no angular analysis (CP odd)

- Measure AI'g and ¢,

" LHCb '
Preliminary
\s =7 TeV Data

¥ ~1400 events
B, — J/yntn

BT —» J/YK™
B? - J/yntw

e
5200 5300 5400 5500

m(pTp mTTT)  [MeV]
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. —f data

B,—J/y o fit result: 2 T e | Sl T

S u o ek LHCb preliminary | ... cp-even sig. component — §=7 E’r;i,lr:l_ﬁ;r;; bt ]

; s \§=7TeV, L=337 pb—‘ — — cp-odd sig. component 2 0 NS = T P -]

— F - s-wave component 5 500 B
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- [~ wl i

g 102 \\ \\_ complete pdt 400 -]

= 3.‘ ~ ]
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10F 000 s E
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> u - ; N ]
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: R - |

300 — W 300 -

_ 200f I 1 200f =
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'8 S S G R CAL 100 ~ 1001 =
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[~ —_— ] C'TZ* - 1

-1 -0.5 0 0.5 1 -2 0 2

cos ¢ [rad]
F T 1 T T T 1 T T T 1 T T p v
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o . - Py =]
— \s=7TeV,L=337 pb™’ e -
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< o1 ( \: < ((I)SIAFS) < (n s/ Al_‘s)
5\ /‘:

| — ambiguity

== G8% C.L. [stat. + syst.)
m 90% C.L. (stat. + syst.)

= m = 95% C.L. (stat. + syst.)
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II||IIIIIlIIII"IIII"IIII"II
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B.—J/y ¢ result compared with Tevatron

Preliminary results overlaid

] Do 8fb!

OAE — e [] CDF 52fb"
el [] LHCb 03fb
0.2 & ¢ Standard Model
n -
g ok _
0.0 —~~~~._ et T et b T e
(%] 1= -~
[ 2 .
<]
g
_O 2 __"-h“"- ‘\
— S - X
04 -
:| ooy ' R R R
3 2 -1 0 5

— DO0: S Burdm, EPS 2011 conference
— CDF: Public Note 10206
— LHCb-CONF-2011-049
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B.—J/w f, fit result

— T T T T T
& 160 LHCDb
S 140 Preliminary
- s =7 TeV Data
3 120
E 100 _ |
& 8o signa
60 : background
40 4-
20 1
0

: |, . A
proper time (ps)

LHCb {(%,
reliminary
s =7 TeV Data

& 0

— 68% C.L.
- = 90% C.L.
~=- 95% C.L.

-2 -1 0 1
¢, (rad)

JIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII|IIII|I|||_

W IVT0 = 044 £ 0.44 (stat) £ 0.02 (syst)




Simultaneous fit to both samples :

$s = 0.03 £ 0.16 = 0.07

@ CDF + new DO ASL (9 fb™)
EPS 11
Indirect fit prediction with NP in B _;—E:: mixing
1-0 _I' T I T T LI '| T LI | '| T T T 1 |' T T T 7 I T T T 71 '| T T 770 ] T
i *SM (pred)
0.8 L +DO0 (6.1 fb™)
_ = CDF (5.2 fb")
§ W6 ALHCb (37 pb™Y) ]
[ L
e LHCb
02 [ 7 \/ 5 LHCb (340/fb)
ﬂn L1 I 1 1 1 1 ] L1 1 | I L I L1 1 I
-150 -100 50 100 150

e With present statistics : no sign of NP
e Next :

e we have more than 3 times the data recorded

e add same side Kaon tagging

LHCb-CONF-2011-056

Prediction from fit with
NP phase, using A, but
not ¢

e break ambiguity by fitting S-wave phase in bins of M(KK)
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e Introduction : b physics and LHCb

¢ B(s)—> MM
e B > K*pp

e Search for new physics in B, mixing or CP

B> K*yand B> ¢y

e Hadronic decays : measurement of the UT angle vy /o,

* Challenging analyses at hadron colliders :
e background rejection

* trigger
e Mass resolution
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B.—~ ¢yand By — K*y

Ve & Vi
b —p——p —p— 5 b 5
1;"'*- -"]; § 500 L;ic;: I;reI;mihm:y IN.L._I~=.1?55'=E; | I':
‘LLI_‘ ~ V=T TeV [L=340.1 pb" iy, = 5278 = 5 MeV/c’
- 8 400 v = 153 = 6 MeVie®
= .
g
W 300
High background 200
Challenging for calorimeter (Highest E; photon) 7
100 R
B BO—>I{F*0’V NPT P ST T
( i ) = 1.52 £ 0.14(stat) £ 0.10(syst) £ 0.12(f,/ f1) 2500 5000 5500 6000
B(B!— ¢7) M(Kry) (MeV/c?)
] LHCb F-‘;'elllmitl'lar;' |
= Vs=7TeV [L=340.1 o'l
3
&
@

'snun. — .5500‘ = -Gﬂﬂl.'l.
M(K*Ky) (MeV/c?)
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Events / (80)

New calibration

B v i B 1 v 1 v i " | =
500 LHCb Preliminary = 1796 = 69 =
V=7 TeV [L=340.1 pb" u = 5278=5MeVic’
400 ko = 15326 MeVic®
300 -
200 -
100 .
G M M 1 M M 1 M o [ :
4500 5000 5500 6000
M(Kmy) (MeV/c?)

Next : measure CP asymmetries

l

: width reduced to 100 MeV

Larger data sample

& O N
o O O O
o O O O

o
(=]

.I.IIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII.I.

Events/(50MeV/c?)

300
200
100

LHCDb preliminary
N's =7 TeV Data

Niguss = (3150.3 % 76)
H = (5278.9 + 2.6) MeV/c?
Gauss
= 2

Ogauss = (104.2 £ 2.5) MeVie

= A
Texp = (-1.01£ 0.03) GeV'c?
(s/B), =187

+30

¥? = 48.6803 /27

0
4

(3,

. 5500 + . 6000
M(K'my) (MeV/c?)
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Measurement of the UT angle Y /@,

1. It is the most poorly measured angle :

15 T UNLILE I (L Y L UL T T T 1
L e
excluded area has CL > 095 \E\

1.0 -

g Am,
0sf
~ O
= oof Ga 6 o
Og 1
-0.5
10f
i) pr A -
-1.5-IIIIIIIIIiIIIIIIIIIIIII(I.I‘;'II:I -a omz__ @all UTfit
1.0 05 0.0 0s 1.0 15 2,0 e e 2% Dalitz .
P 3 i X% ADS+GLW [}
£0.0015F :
. . 'S I
2. The direct measurement is less 5 -
precise than the SM prediction (~3°) E 0.0011 |
i &
0.0005 Joosd
i Soteds
Q“"'
i :0:0‘
() 4
g -100 0 100
O
3. “SM candle” [l
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3. “SM candle”
A-22/20 |- ,
AY, | V,
\ ﬁ : thvtd Interferences between b (c and b (u
vy [ ¢, = arg —M Py A cb Cd‘ transitions
’ Vchcb !
vies K
0  @-22/2)p 1 NP in D° mixing is small
u
V“< K b e u _
0
W'// S Vub \W‘ r D
b i c 5 <
B Vcb Vcs S

~

<|
<|
l

Relative magnitude r,
relative phase 3;-Y

Same final state : 3 techniques:

* GLW (Gronau, London, Wyler) : use a CP mode for the D° decay physics Letters B 265(1-2), 172 - 176

ADS (Atwood, Dunietz, Soni) : use D% CA(K 11*) mode for the V , decay and D° DCS(K*1T) for the
V., decay Phys. Rev. Lett. 78(17), 3257-3260

e Dalitz GGSZ (Giri, Grossman, Soffer, Zupan) : use the D° \ Ks 71 11 or K¢ KK decays
Phys. Rev. D 68(5), 054018.



Y from B —»DK, D — CP eigenstate (GLW)

Dep K Acp, e D

LP 2011
PRELIMINARY CpP CP- PRELIMINARY
BB T Bl o] T EEEEE
PRD 82 (2010)i072004 ' [ | BaBar ' . -0.03 +0.07+0.02
Belle : 0.29 + 0.06 + 0.02 PRD 82 (2010) 072004
LP 2011 preliminary ShB .
CDF 5 | N 0.39 + 0.17 + 0.04 Belle , + -0.12 + Q.06 + 0.01
H i ¥ .
el 10.5(R} iy LP 2011 preliminary .
LHCb, * 0.07 + 0.18 + 0.07 ;
| LHCb- CENF- 2@)11 31 Average 41 L 0l0s
“Average | [ —— 0.27 + 0.04 > * !
HFAG § Bl HFAG ;
_d2 0 0'2 : 0'4 0‘6 018 0.26 -0.04 022 -02 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04
+2rp sin dg sin =
More than 60 from 0 1413 i?chosd?Bcos .
B'—>(KK)DK', DLLK> 4 B_—>(KK)DK+, DLLK> 4
f{: LHCb Preliminary "g LHCDb Prelimimary
2 20 2 20 ?
s -
n 15 n 15
= 10 = 10
> > 5K
o8 1. -
.. \‘llﬂ} ‘-”_"s.ﬂ'bt-\-e-u_--g.o.-rn- 0

50 . 5400 : _ T _.. ¥ ETLY -A s .-
m(B) (MeWc ) m(B) (MeV/c)

LHCDb result obtained with 40 pb-! only 43



Y from B —-DK, D — Kt (ADS) LHCb-CONF-2011-044
~300 pb™ B'—(nK) K',DLL >4 B"—(nK) K™, DLL >4
D K D K

~ o
A, LHCD Prelimmary | <, LHCb Preliminary
~ - . i
> >
o 15 B- o 15
> >
r~ ~
= 10HA 10
) 7
R -
e s
L L
> > 5
i8] [§4)
0
m(B) (MeV/c)) m(B) (MeV/c)
D Kt KR HEAG D KnKA HEAG
- ADS PHELIMII’:ARY _ - ADS PHEUMIQMHY
BaBar : L 0.0110+ 0.0060 + 0.0020 BaBar, x e ! -0.86+0.47 013
PRD 82(2010) Vo72006™ ' \ PRD &2 (5070) 072006 R
Bmmg 0.0163:55 0paq Tooaor /\”IWGVV \ Belle f i p:ag e An
PRL 106 (2011) 231803 "] e po e rE355L1|t55 in || PRL106 (2011) 231803 il 5* = v
CDF Q0221 + 0.0086 + 0.0026 ‘ ‘ CDF = | .0.82+0.44 + 0.0
PLHC2011 preliminary ' | IaSt ‘I PLHC2011 prellmlnarr 3
LHCb: , 0.0166 + 0.0039 + 0.0024 LHCb | ! -0.39+0.17 +0.02
EPS 2011 preliminary ~ ° s 2 years EPS 2011 preliminary —
Average 0.0160 + 0.0027 Average 5 ? -0.46 + 0.13
e -
HFAG i :
04 -8 16 -14 1.2 -1 -0.8 -06 IfO.d 0.2 0 0.2 0.4 0.6 0.8

HFAG |
-0 0.01 A\\Qgi 0.03 0.

V,, contribution clearly established 24



Y from B, —>DsK

Time dependent analysis of the B, -»D_K decays

This summer : measure the BR (split by magnet polarity)

I
L ERC b Pre dimisenry W5 = 7 TeV
L~ 436 !

b

~
o

[ Magnet down
" N =211+ 19

Events /{ 14 MeV/ic?)

au

S0 5200 530 5600

B|B,~ D! K*|=(1.97+0.18stat)

500

-~ B D'K
stk
@ D'p
Bk
By nx
B0
W& D
Os-bpix™
| EYYe
(8- b'x
| IESYive
(] Combinasorial

Jndn I L)

Mass (MeV/ie?)

Events /( 14 MeV/ic?)

W
)

70

4]
Jion

+0.18
(.20

Magnet up
N =195+ 18

3200 RV

(syst)

3400

+0.11
=10

-=B'a DK
Bz-pik*
Ble’-sDp
B:'-D'k
Bs-p x
.""'a. — ﬂ',‘dp !
Bz D p
OB’ pik*
Bs- D'k
)8’ D!x
B:-pk
[ Combinatorial

Jadn 3700 38N

Mass (MeV/ce®)

[

(fs/fd))xlo_4
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X

LHC(b) is taking over CDF and TeVatron. LHC results: ¥i
The open space for NP is reducing o W sk,

r 5
.

T .ﬁ'

e

There is still room for NP, the coming year is going to be exciting

Thank you for your attention
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Back up slides
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<10;

12

'ATLAS'_F[:‘ ; T '3 [ o CMS Preliminary, \Js = 7 TeV
relimina = = |
[ I ry — Signal i ‘3 = n** Lil‘ll =280 r‘lb'1
ws =T Tey Ldt =024 .+ Background Fit = B T
40 paergronnat 80— o = 67 MeV/c?
Barral + Barrel B |’r]“| <1
| Lol __P' G179 (3 D0 i..i::'\.-' | E E“—_
MiT g} = {(T4.1= D 5) = 10 — |
- .E B 0.28 pb-1
20— 240 pb—l — 2 a0l 1
R = -
L III 1 IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIE’IIII
% 11 12 % 85 9 0.5 10 105 11 115
M. [GeV] u'y mass (GeV/c?
8000
ATLAS 174 {,“ - LHCb mass (1S)=0449.2+ 0.4 MeV/c®
L 70001 gy o (1S) = 52.4= 0.4 MeV/c?
CMS 67 = - Preliminary
® 6000F- \s=7TeV | N,igne (15) = 34420 = 261
= - £l Nygna (25) = 8800+ 181
LHCb 52 O 5000 N e (3S) = 4410+ 147
N - fL=32.4 pb §1
@ 40000y
Q - N, ;1 32 pb-1
: . . M 3000 4
time resolution (displaced vertex) 2 = &
PID 2 2000 P
© - P
Hadronic trigger O 1000 P
Coii1 |.4.4.l..|+.|-d-:'7_|]"|-L|JlL.r"l NN F e R

&

00 8500 9000 9500 10000 10500 11000 11500 12000
M(uu*) (MeV/c?)




Bs -> mumu

BR UL 95% CL as of Spring 2011:

CDF (3.7 fo!): <4.3x10%
DO (6.1 fb1): <5.1x 108
| HCb (37 pb-1): < 5.6 X 108

49



Some excitement just before EPS : CDF has reported

-— - —

g1 070<v,<097 | 097 <v,<0.987 | 0987 <v,;<0995| wv,>0995 L

- |CDF

0 :
Background B:—utu
W:signal sM56)| o

0 . . s
5231 5279 5327 5231 5279 5327 5231 5279 5327 H2

m,. (MeV/c?)

p-value background + SM Br: 1.9%
0.46x10°<Br< 3.9x10°at 90% CL
Brcor (Bs— UM) = 1.8711 g9 x 1078
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CMS

Dimuon trigger @ LI, with track
information added in HLT

Cut based analysis on |.14/fb: optimised on

MC and verified on data using B* = J/YK* &

B;—|/ rior to unblindin
s J LIJd) P & CMS 2011 1. 14ﬂ:>1 Prellmlnary

TTTRITTRY

A
|

Observables well described by simulation

&(1>0.75)

[ y¥dof=1.0/5

<Npy>2011~ 9.9

08¢ —¢—¢—*—o—¢—
Efficiency and behaviour of variables potentially - -

sensitive to pileup (e.g. Isolation,flight length)
checked on data 0.6 BE J/ug,ﬁ—i a




Candidates / 0.025 GeV

fo! Js=7TeV

CMS, 1.14
T | T T

| T T T | T T T | T T
Barrel -
— B? signal window

l-{ B? signal window

Candidates / 0.025 GeV

Je=7 TeV

CMS, 1.14 fo™!
T | T T T | T T

T | T T T | T T T |
Endcap -
— BY signal window

l-{ BP signal window

T —
=] S
P T I T R I N AT B [ TR O O A T T O A T R
5 52 54 586 58 5 52 54 56 58
m|.l.|.l [GEV] |.I.|.l [Gev]
Barrel Endcap
Nl 0.80 + 0.16 0.36 % 0.07
Ny, D 0.60 +0.35 0.80 + 0.40
s 0.07 + 0.02 0.04 + 0.01
peak
Nuh.ﬂ 2 |
B(BY — ptpu~) < 1.9 x 1078 at 05 /0 CL
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B. mixing and CPV : search for NP

CP Violation in B} System |

New Physics

di Vu d Vus Vub d b s !5! 5
! o — ‘% =

b Via |Vis| | Vi b =

» CP violation in SM occurs in complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

Bs unitarity  y/ _V* 4V, V. — 0
condition ub T VesVep + Vis
Golden mode,

g AT Hadron Colliders
@;’fﬂpm ~ —283, = _Qghﬂf 4 N

_0.038+0002) Bi‘ decay, J /P
in 23,
\ %\ 0 'E':l Dec ~ U
. B8
1 . VTS VI‘D :
Squashed (0,1)  V.vr ~ CP violation through
Triangle - cs¥ ch B interference of diagrams
/ Ll with and w/o mixing
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B(;) mixing : search for NP

In flavor-symmetric pp->bb, like-sign leptons arise
from HF decays only if flavor oscillations occur.

'X .......... B B’ A_

" ¢ B0 y

SM predicts small asymmetry between numbers of ++
and -- muons from B. Enhancement implies NP in

mixing.

¢ D@: Evidence for anomalous dimuon charge asymmetry, (6 b .PRL 105, 081801 (2010))
3.20 deviation from A% (SM) = (—0.02315 0o ) %
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MNon-CP violating charge asymmetry

Update measured directly in data
¢ Increased statistics: 6.1 fb"'— 9.0fb™ |I—|—|
o=

e |mproved muon selection (higher efficiency, lower background from . _, )
¢ |mproved analysis technique
e From b's? Study dependence of asymmetry on muon impact parameter

N(u*tut)— N(u p~) Constrain backg. n(u™) —n(p~) |Inclusive

At‘.‘-’lw — - I — Sin Ie
N(u*pt)+ N(u=p~)  Reduce syst. n(™) + (1) | oo
Mostly background 15
D@ Update 9.0 fio’ arXiv:1106.6308, sub. to PRD

A2, = (—0.787 £ 0.172 4 0.093)%

Now a 3.9¢ deviation from SM prediction
Central value closer to zero, still consistent with 6 o' result
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Asymmetry is a linear combination semileptonic charge asymmetries of B, and 3.

: NB—pu X)-T(B—p X)
AV = Chat + Cua®, b= e .
sl dg + Gy r NB—ptX)+T(B—p X)

C,and C, depend on f and f, and integrated mixing probability

« 0,02
-4 -
fu.uz
ns. A
I «SM - K
0 on 0 .
3.90 discrepancy
Standard Model n i
-0.02| __| B Factory W.A. 0.02 |
L] po B—-ubX '
| 68% and 95% C.L. regions
M po A.; 0.04 are obtained from
-0.04 b “0.04 1" the measurements with
D9 A’flg 5% C.L. 5 - IP selections
DG, 90" | S
-0.04 -0.02 0 0.02 h h d
d t ay)

g
New physics in 5. mixing? since
affg constrained by "sin2p" in global fits:

afi(pred.) = (~363}) x 10~* PRD 83, 036004 y



Why y/@, at hadron colliders ?

* Y/, is not precisely measured, the result is dominated by Dalitz-GGSZ from B factories
eSensitivity is obtained through b (u transition
eEffective BFs of the order of few 108 to few 107

More statistics is needed

Challenges :
e Fully hadronic decay : trigger, background use of displaced vertices information
e PID is important : distinguish DO\K- 11+ from DO\K* 1T

a(bb) a(inel)/ a(bb) j I dt Yield (B\DC,; K-)
~ 100 ub | 1000 full dataset 1500 (5 fbt)
10fb -1 max

~300 0.035 fb?; 440 (0.035 fb!)
~1fb! (end of 2011)

425 fb-1(BaBar)
700 fb! (BELLE)

~1940 (BaBar)
~3400 (BELLE)

hep-ph/0201071 (CDF)
Physics Letters B 694 (2010) 209, Eur. Phys. J. C 71 (2011) 1645 (LHCb)
SLAC-R-0504 (B factories) 57



GLW method

Bt \ D, K * at hadron collider use only D, \ KK or 1T

L _ DB~ — D:K") ~T(Bf — DiK*)
T T (B- = D.K-)+I(B+ — D.K+)

+2rp sin dg sin~y

1+ 1% +2rgcosdgcosy ’

I(B- — D.:K-)+T(B —.~.Diff+)

R =
- [(B- — D°K-) +I'(B+ — D°K™)
= 1—|—TB:|:2cho~«<)Bc S .
«3 unknowns : ry , 8, and y /@, Could be also done using B\ D, K*

Different ry, Og (ry ~3 times larger)

3 independent quantities (R,A,=-RA_)

¢2 measurements at hadron colliders BR I's
B*—> DOK* (3.7+£0.3) 104 0.1
=» should be combined with other methods BO=> DOK*0 (4.2 +0.6) 105 ~0.3
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ADS method

B\ D K * at hadron collider use only Dpes \K* 1T and D¢ LK 7t

~I(B" — Docsk™ ) 21,1, sin(8, + 5, )siny

B — Dpesk™ ) rZ+r, +2r,r, cos(éB +6,, )cosy

2 2
=1, +1¢, +2r,1,. cos(5, + 5, )cosy

(
(
(B — DpcsK*
+T(B" > Dk ™)

3 unknowns (same as GLW) :r,, d;and Yy /@, Could be also done using B \ D K*°
Different ry , Og (ry ~3 times larger)

® rer» Oy known from elsewhere (CLEO-c)
Phys Rev D80, 031105(R) (2009) Could also be done with other D decay

modes (quasi 2-body)
A(D° >K'77)
r

= ————1=0.0613 + 0.0010
A(D SK )

*2 independent quantities

\_should be combined with other methods to extract Y 59



one way to visualize result:
plot mixing asymmetry versus
(decay time) %(2nAm,)

.r'--.--
— P

p— ——— o

<

_

; r 3l
A :IZ\D[_HH Dy, Jcos(Amit) e

]
" /
S

CDF 2006
LHCb 2010
LHCb 2011
WA
| L | L i i
17 17.5 18
Am, [1/ps]

m, In LHCDb

LHCb preliminary

s =7 TeV

. peopepa 2]t popep] |..|....|. |
0.4 035

0.15
tmudulc .'3_"-:ff_".ms [ps]

LHCb measurement dominates WA
Am'* = 17.731 &+ 0.045 ps~ !

error much smaller than theory error

AmSM = 16.812% ps—1
[PRD.83, 036004 (2011)]

but some theory errors in ratios cancel:

Vid

7| = 0.2090 + 0.0009 + 0.0046
ls

exper. lattice
(average by Van Kooten, LP'11)
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KK P wave and PiPi S-wave

Events/(1MeV)

m(KK) for Bs->J/psiphi candidates,
background subtracted

- i e

3005— %'

600~ XY SR itVigner
4005— % (

2005— ‘-‘h

0: . | = -

990 1000 1010 1020 1030 1040 1050
my, (MeV)

o Jpop: KK-system is almost pure
p->KK (“P-wave”)

s J/HpfO: angular distributions
consistent with
scalar f0->nt (“S-wave”)

Events /15 MeV

m(nr) for Bs->J/ymrr candidates,

not background subtracted

——————————————r——
300 't LHob
Pl Preliminary
9 Vs =7 TeV Data
i4 | (980) region
\;‘MM
1500 2000
| m(n*n’) (MeV)
decay angle distribution
0. 14— P
0.12 (b) + ;
0.1 I i i JI =
%E..u_ua = 1 +
o
0.06
o e LHCb
‘ Preliminary
b Vs =7 TeV Data
0 ] 'l 'l
- 0.5 0 05 1
coso,
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s the'S-wave' accounts for a small fraction of non-phi in the J/psiKK final state

s interesting enough, LHCb and DO disagree on fraction of S-wave

mKK in LHCb, background subtracted mKK in DO, background subtracted
o Voo s a 3 ~. D@ Runll, 8 fb"
S 1000E- LHCb Preliminary Q
20 - VS =17 TeV Data, L = 337 pb' aod . : :
< soof % 4 Spin-1 BreitqWigner 8500_ | spin-1 Breit-Wigner
‘5 Eoof_ | Y, nt?n-resona t ; ' non-resonant
wl - H v
400 =
N [+8)
200 %
0 - - - - : E ind TEITEECTIPTRTRSPTTERTI BRI o M o
990 1000 1010 1020 1030 1040 1050 01 * I 1.02 I I 1.04
e M(KK) (GeV)
LHCb, in range [1008,1032] DO, in range [1010,1030]:
- from angle fit: (4 +/- 2)% - from angle fit: (17+/-4)%
- from mass fit: (2+/-1) % - from mass fit: (14+/-2)%

# CDF measures < 6.7% at 95% CL
60
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s combine various constraints on I'_ and AT'_ in one graph

2A LL = 1 contours 2A LL = 1 contours
- 0.4 s ) fysth CDF, 5.2/ = 0.9 '
o T &
— o g e -
< .’__,.--' ; KK LHCD (no CPVY) P 08 |
0 .2 # /— Standard Model
[ 0.7+
O-,—,—-"’/
0.6 0.7 0.8 ' '8.5 0.55 0.6 0.65 0.7
T [ps'] Ty [ps]

s 'flavour specific' lifetime
(e.g. B,->D_m) constrains:

1 2T
T(Bg)fs — r_ &P D)
s note

» flavour specific lifetime doesn't fit very well: high on our agenda
s KK lifetime uses just 37/pb (LHCb-CONF-2011-018) ... will improve!



C I I :
ompiex anaty>es Similar to sin2[3 at B-Factories
* time dependent : :
using Jpsi Ks

* Flavour tagging
e full angular analysis for J/p ¢(B->VV decay)
* should measure at the same time [, and @,

LHCb preliminary
V=7 TeV,L=-337 pb"

CDF Run Il preliminary L=5.2fb"

= 1800p——T————
= 1600- N=8276196
E,:uuu L=337pb"
0 1200
@ 1000
W 800

600

events
400
200}
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Many other results ...
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