Search for New Physics
In Heavy Quark Decays
at LHCDb
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Alntroduction to indirect searches for New Physics. —
ALHCb and first recorded B decays.

APerformance and outlook to key measurements from present run. .
AMixing-induced CP violationin B,Y J/y /.
ASearch for BY mm
AAsymmetries in By Y mmK” decays.
ACKM angle g from tree-level B decays.
ACharm Physics
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¢ Other LHCb talks: g

¢ Sebastian Bachmann: LHCb status and minimum bias physics “
Matthew Charles: Studies of open charm and charmonium production at LHCb
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Search for New Physics

Indirect measurements of New Physics

ANew particles can appear as virtual particles in loop and penguin diagrams.

Alndirect searches can have a higher sensitivity to effects from new particles.
ASee NP effects before the direct searches.
Alndirect measurements can access higher scales.

AGood chance to see NP appear first in loop or penguin diagrams

APossible to measure the phases of the new couplings
AGives access to the flavour structure of NP.
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Search for New Physics

Two approaches for NP searches in heavy flavour decays

ﬁ Transitions involving flavour-changing, neutral currents (FCNC). \
AForbidden at tree level in SM: can be easily modified by New Physics.
AEspecially in bY s transitions (not so much constrained by current data).
ASome NP models predict large deviations in FCNC transitions.
AAdd new long-distance operators.
AModify short-distance to Wilson coefficients.
AExploring rare B and D decays. For instance:
ABranching ratio of B,Y mn and D°Y minh.

K AHelicity structure of By Y mmK" decays. /
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Search for New Physics

Two approaches for NP searches in heavy flavour decays

/2. Metrology of the CKM matrix
Almprove precision on current constraints
ACurrent measurements consistent, but still open to O(10-20%) corrections.
ACompare measurements which may or may not have NP contributions.
AExplore CKM matrix in many different ways and search for inconsistencies.

AUnitarity triangle not so much constrained from tree decays.
ATree decays not affected by New Physics.
AE.g., a NP free measurement of gto nail down SM & gain sensitivity to NP.
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LHCDb detector

LHCb made for Heavy Flavour physics

‘ : AGood vertex resolution
| : . ATime-dependent measurements.
3 ASuppress background from prompt decays.
AGood particle identification
Almportant for trigger, flavour tagging

,i ASuppress background.
| | AGood momentum resolution
| ]Es AMass resolution of heavy flavours.

: K ASuppress background. /

, Angular coverage optimised
for B-physics.

Tracking [
stations

N

~— - LHCb can reach its design
Q luminosity very early.

Y See talk of Seb
for a nice overview of LHCDb.
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Integrated luminosity

Integrated Lumi over Time at 3.5 TeV
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Recorded now:

Deadtime 1.6%
Trigger deadtime <0.01%

130 140
Days since 1 January 2010

90 100 110 120

0.014 phi L

Expected this year: 200 pb't

Expected end of 2010-11 run: 1000 pb't (1 fb'?)
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See talks from M. Charles
and S. Bachmann.
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B* - J/y K candidate with good secondary
vertex, clearly displaced from primary vertex.
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B oscillation diagrams

TE = %
. — th ¢ tg _
AMeasures B, mixing phase through bY cCs decay b == 1
AMixing phase: j SM = -2 Bo Wi NP W B
ASmall penguin pollution. 1 !
AB, counterpart of ByY J/y KO. ¢ TE———— )
. . . t b
AMixing phase small in SM: 24, = 0.036 0.002 ! f
ANew particles in box diagrams can modify measured 3 W Vi B
phase / ;= j SV + / NP ’ !
0 ol
B, t|4 NPt B,
q - - b
|_Time resolution | Erdes s Lfff " v th
3 A e “eaew  Experimental challenges:
ST ARequires flavour tagging
4000 AMistag rate: W~33%, tagging power e~6%.
30001 ARequires accurate measurement of decay
. time (to resolve oscillations).
2000 —
: - —— ATime dependent fit with resolution ~ 40 fs.
100 ARequires angular analysis
[ 01 X ST ASee next slide.

t(rec)-t(true) (ps)

BEACH 2010, 22.06.2010 Search for New Physics in Heavy Quark Decays at LHCb, Jeroen van Tilburg



Mixing-induced @GP in B, -» Wy j

Angular analysis

PY VV decay: requires angular analysis to
disentangle CP-even and CP-odd final states.

Use control channels to check angular 2 soook
acceptance description: = ook
AB+' \]/y K+ §3000:_
AB- Jiy K 2500 CP even
2000 i
1500; / CP odd
10005-\ .....
5002_ e
of 05 o o ———"

Transversity angle: cost

In addition, include pure CP eigenmodes (e.g. B, - J/y f,,h,h0 as cross-check.
Y No angular analysis needed.
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Jly Y mim from real data
LHCI:}I oy INS:gna,.=zlz42[:7'z.1' B

Preliminary B/S = 0.426 = 0.033

_ m, = 3089.4 = 0.44 MeV/c’
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o(0,9w) (rad)

Promising measurement in
presence of New Physics.

Expect 50k eventsin 1 fb'?!

LHCbO6s sensiti

0.14
0.07

s(/ ) with 0.2 fbr?

s(/ ) with 1.0 fbr?

Note that sensitivity from
B, - J/y f,(980) could be
similar, depending on BR.
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Search for B, -» aray

AVery rare decay. Prediction in SM: BR = (3.35  0.32)X10"® [hep-ph/0604057v5]

ASensitive to New Physics:

AE.g. branching ratio in MSSM enhanced by sixth power of tanb:
53 107atanb o} a30(ISeVo

BR(B,- mim)=

APresent limit from CDF (3.7 fb'1):
BR < 3.6 x 1078 (90% CL).

b
"ff b MSSM? V =t
AR r’f 0 Al | -
R /H A
%/ q A X -7"b N\
\ bt N\
5 L \"- o n o,

The decay B, Y 1 provides
sensitive probe for New Physics.
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http://arxiv.org/abs/hep-ph/0604057
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http://arxiv.org/abs/0709.0098
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Search for B, -» aray

Selection strategy

ASelect signal in a 3D-box of
Alnvariant mass
AGeometrical likelihood
APID likelihood

Y Uncorrelated variables with different control samples

Invariant
Mass

Geometry

Y Invariant mass -
A Detailed studies done with K and J/y: 3 S0
KY pp JlyY mm < a0
Data |3.47 0.13MeV | 15.4 0.43 MeV £ auof
MC |3.31 0.12MeV |13.12 0.05MeV 200°
) "4 R 100
Dominated by Dominated by momen-
opening angle tum of daughters 0 5060 530 B0 :5';112'6"
A Ultimately, use kinematically similar decays Points:  MC B, - mm mass
BSY K*K' (and Kp, p p Red curve: from B - K*KI
AB. mass resolution from MC ~ 20 MeV Blue curve:from B, - K'K
(with correction for PID)
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Search for B, -» aray
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A All studies on data so far indicate that

Exclusion limit at 90% CL

at as=7 TeV

Exclu5|on limit @90% C.L. |
RO Bf5)

e - ——

sensitivity from MC is realistic. 0
AUse known channels to determine BR
from event yield ol
AB YKp and B*Y J/y K*
ABR(B.Y mnh) can be calculated as: N
Py
cal REC SELIREC TRIG[SEL ~ . Nl ~
“sig  “sig / “sig s - +3_
3.
: A
Determine these cz.
ratiods from/dat a a”
~
Production ratio known to 13%. a 109
Extract ratio from data using
B.Y D,po and BY D*KI
0

0.2 fb'lY improve on expected Tevatron limit.
1.0fb'tY exclude BR down to 7x10" °®

or observe 5s signal if BR = 3.5 x SM.
(Need 10 fb' ! at 14 TeV to observe 5s signal if BR = SM)
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AB,- mmK rare decay in the SM.
ABR (By- I"'K") ~1.0x 106
A SM diagrams (can be easily modified in presence of NP):

By

b u,ct
da v

A Angular distributions contain a lot of information.
A Many observables sensitive to NP
A For first data focus on forward-backward asymmetry: A 5(q?).
A Zero crossing point of A well predicted in SM (minimize hadronic uncertainties).
A Measures ratio Wilson coefficients Cg4/C,.
ASensitive to SUSY, graviton exchanges
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Asymmetries in By -»> aTTK

Estimated error on Agg: in most sensitive bin (11 6 GeV?):
0.1fb't: s(Ag)=0.20

SM exclusion assuming central value from Belle in most sensitive bin

SM prediction
Belle

BaBar

LHCDb (projection)
at0.1fb" !

140 events expected

BEACH 2010, 22.06.2010
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Asymmetries in By -»> aTTK

Estimated error on Agg: in most sensitive bin (11 6 GeV?):
0.1fb't: s(Ag)=0.20

0.3fb'%: s(Ag)=0.12

1.0 fb't: s(A-5)=0.07 (end of 2011)

SM exclusion assumlng central value from Belle in most sensitive bin

o.2JliE 4.00 SM exclusmn
oo — 7Ty

ool S s eee— RS U A CSL S LYE S

SM prediction ]
Belle @ =0.25 1) { _
BaBaI‘ < ERaTRRRIa s NER ANl
LHCb (projection) 0.4 VLY VYY)
at1.0 fb' 1 e .
-0.8 ‘
1400 events expected 0 2 : 6 8
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gis the least well-known CKM angle

itter
Beauty 09

06 i L Am,

05 : i
sin 2 < sol.w/ cos 2B< 0
Ve (excl\at CL > 0.95)
1

Current experimental status:

AFrom direct measurements with BY DK
decays: 0 €732 o) ((BaBar] and [Belle])
AFrom SM fit using only indirect measure-
ments: 0 €67.74° ;) [CKMfitter Beauty09]

04

excluded area has CL > 0.95
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ADiagrams with bY c and bY u transitions Y sensitive to 2.

AUse only tree diagrams to allow clean (NP free) extraction of 9.

C B+0Y DOK+*
AMeasures g directly through interference between B and subsequent D decay.
ACounting experiment. Measure relative decay rates.
AADS+GLW method (DY Kp,KK,p fKp p)p
AGGSZ (Dalitz) method (D°Y Ko p
C BS\"( DK
AMeasures g-2b, through interference between mixing and decay.
AMixing phase 26, from B, - J/y j
AGolden mode, but requires flavour tagging and time-dependent analysis.
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fitter

Beauty 09

gis the least well-known CKM angle

sol.w/ cos 2B< 0
(excl\at CL > 0.95)

Current experimental status:

AFrom direct measurements with BY DK
decays: 0 €732 o) ((BaBar] and [Belle])
AFrom SM fit using only indirect measure-
ments: 0 €67.74° ;) [CKMfitter Beauty09]
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ADiagrams with bY c and bY u transitions Y sensitive to 2.

AUse only tree diagrams to allow clean (NP free) extraction of 2.

C B+0Y DOK+*
AMeasures g directly through interference between B and subsequent D decay.
ACounting experiment. Measure relative decay rates.

pussdy Combined sensitivity ~7 for 1 for

C BS\"( DK
AMeasures g-2b, through interference between mixing and decay.
AMixing phase 26, from B, - J/y j
AGolden mode, but requires flavour tagging and time-dependent analysis.
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First two channels of the B Y X family observed.
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Charm physics

LHCDb has excellent potential for charm physics

ADedicated HLT trigger line for D**Y D°(hhopy
AYield of O(1078) events per fb'?
AFlavour tag from charge of pion.

ADO time resolution ~0.040 ps (from MC).

u--'ILlfetlmeDYKp Y See talk of Mat't

+ LHCb open charm and charmonium in LHCDb

: Preliminary
T \'s =7 TeV Data

-
o]
Q

1
! .= 1278
t=(0.398 + 0.026) ps

entries per 0.2 ps

4l. . .5
t(D°) in ps
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Charm physics

Charming opportunities in 2010-11 run

C Mixing parameters and possible CP violation effects.
ACP violation would indicate New Physics.
ALifetime ratio CP mixed and CP even decays (Ycp).
AExpect 17x10° (DY Kp, CP mixed) and 1.3x108 (DY KK; CP even)in 0.1 fb' L.
AMeasurement of oscillation in wrong sign DY Kp.
AExpect 60x103 in 0.1 fb'?

LHCb
Preliminary 10

C Direct CPV in single-Cabibbo-suppressed decays. <%
ADalitz analysis with D*Y K*K' g $N§z.sj—
AModel independent :

ANot sensitive to production asymmetries. ;

AExpect several millions of events in 0.1 fb' L. 1

o[

C Search for rare decay of D°Y 1. 05 1 "y
AHighly suppressed in SM: BR~3x10'13

ACan be significantly enhanced by NP.

ACurrent experimental limit BR < 1.4x10"7 @ 90% CL [Belle]
ASimilar analysis as B,Y mm

AExpected limit LHCb for 0.1 fb'%: BR < 4x10"8 @ 90% CL.
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