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LHCb physucs case 7

SEARCH FOR NEW PHYSICS
Measuring rare b decays

LHCb

Loop-mediated decays are sensitive indirect
probe to the NP heavy particles,that may
propagate within the loop
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+ charm (tau) physics + spectroscopy + QCD tests + Electro-weaks+...

19 talks this week to cover the LHCb physics range



LHCD

= LHCb detector : single arm forward spectrometer
= 2<n<bh
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The LHCb detector

N

LHCb MC
Vs=7TeV

= Main challenge :
= Perform precision measurements in hadronic environment

There is a B—=J/yK, in this event
(simulation)

Large multiplicity : ~30 particles for hard pp collisions
= Large background from high inelastic pp collisions
= Small Branching Ratio for B meson decay

. but ...

= 30 kHz bb rate
= Access to all b species : By, B, B, B., A,, =,...




LHCb ~—« L‘HG ‘pecgz'jon 575;_:“‘“/

LHC delivers fs 7 TeV pp collisions in 2010-2011 and /s=8 TeV in 2012
Instantaneous luminosity : 4x1032 cm-2s-!
factor 2 beyond the design

visible pp interaction per bunch crossing of O(1.5) LHCb Integrated Luminosity at 3.5 TeV/ [2011-10-03 18:05:06 ]
factor 4 beyond the design
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LHC Fill Number Dak
LHCb collected 37 pb-!in 2010 -> ~2.5x10° bb in the LHCb acceptance
+ 1.0 fb! by the end of 2011 > ~80x10°bb  Results shown foday -

+ 0.6 fb'l mid-2012 - +15 fb! expected by end 2012
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The trigger strategy is a sensitive part of the
rare decays selection and reconstruction

Level-O Trigger (Hardware)

= Fully synchronous (40 MHZz) custom electronics
= Visible interaction rate 10 MHz — 950 kHz

= Identification of highest Pt : h, e, y, m° and ¢ candidates
* typical threshold : p~16GeV/c -h,e,y, n°~ 3-4 GeV/c

High-Level Trigger (Software)

= 1500 multi-processor boxes farm (busy 90%).
= HLT1 :

» add info from tracking, Vertex Locator
» add impact parameter and lifetime cuts

= global event reconstruction
exclusive & inclusive selections

Storage @ ~4 kHz
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= Bandwidth sharmg

LO Output Rate (kHz, non exclusive)

Muon : 405
Hadron 327 HLT Output Rate (Hz)
Photon | 80, Luminosity : 900
ZLC 169 No bias and random 100 | |
Exclusive events . 3 5 Other physics lines |
Minimum Bias O/ 03 11 L1 11 L1 11 Inclusive phl io | %
0 200 400 600 Charm 850
Muons
Displaced hadronic
0 2000 400 600 800 1000
= Trigger typical performance
channel £(LO) e(total)
Hadronic 50% 80% 40%
Electromagnetic 60 % 50% 30%
Muon 90% 80% 70%

& corrected for acceptance and selection




Branching ratio & asymmetry of exclusive b—(d,s)y
modes provide a direct constraint on UT
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New physics to affect the transition dynamics

BR, Agp, Isospin asymmetry,
helicity structure of the photon
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« BO—=K*Ok:m)y and B.—~b(KK)y signal
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Resolution ~90 MeV/c? dominated by Ecal resolution
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* Branching fractions :
BR(BO—>K™0y)=(4.33+0.15)x105  [H#A& 20101
BR(BS_>¢V) =(5.7"%1g)x10° ° iKar) (Mevic)
N N
« SM-predictions have large hadronic uncertainty bt et T e T
mOSTIY Canceling in The ratio : o ‘45‘00‘ — ‘50‘00‘ - ‘55‘00‘ - ‘60‘00‘ -
R=BR(K™y)/BR(®y) = 1.0+ 0.2 ~Ahfeaesere 208l 2 - LHCb B. >y -
- preliminary S .

e -
o N
o o

Events / ( 50 MeV/c?)
s
TTT TTT TTT

« LHCb preliminary result (1.0 fb!)

B(B,—~ K"y) :
=1.31+x0.07(stat) = 0.04(syst) =0.10( £, /
BB — ®y) (stat) = (syst) (fal 1) )i
B(B, = ®y)=(3.3x0.3)-10" [LHCb-PAPER-2012-019] ° | MK eV
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« Generic background con‘ramma’non
« Combinatorial background

 Partially reconstructed b—sy decays
« Partially reconstructed b—c (X+hhm)

« Specific peaking backgrounds :
* b-baryons A,—A"(Kp)y
* Charmless By .—~h*hn®
« Irreducible b—dy : B,—~K™y

« No trivial side-bands shape

« Threshold effect due to different mass
resolution in trigger and offline analysis

Branching fraction

Relative contamination to

[LHCb-PAPER-2012-015] | (5 16) B K"y Bo— gy
A)— Ay unknown (1.0+£0.3)% (0.4+0.3)%
BY—s K*0y 1.26 +0.31 (theo. [20]) (0.8+0.2)% O(10-4)
B’ Ktn—n®  35.975% (exp. [4]) (0.5£0.1)% O(107%)
BY— K*r~n°  unknown (02+0.2)% O(107%)
B%— K*K-n° unknown O(107%) (0.5+0.5)%
Bt — K1ty 2077 (exp. [4]) (83+11)% <6x107*
B~ K+n—n0y 41+ 4 (exp. [4]) 45+17% O(104)
Bt ¢K*y  35+06 (exp. [4])  3x107*  (1.8+0.3)%
B = K*0(¢)m°X O(10%) [4] few% few%

Events / ( 50 MeV/c?)
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« Systematic uncer"ram‘ry domma‘red by f./fy(x8%)

from semi-leptonic B, 4 —~DuvX and hadronic B, 4, —

« Background model (+2%)

Contamination level and shape

« Reconstruction and selection (x2%)
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Digh
© Ty =026730%

[Phys. Rev. D 85 (2012) 032008]

Ja

Trigger and selection efficiencies, Particle reconstruction & identification

[LHCb-PAPER-2012-019]

systematical uncertainty

Tace. 0.4%

T'reco&esel. 1. 2%

I'PID 1.2%

rtrigger 08%

Subtotal —22=2r 2.0%

ER0_,Kk*0.,

Background modelling t? 2%
Total 3%
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Direct CP asymmetry in BO—K™y 2 _F LHCDb B'—=K 0}/ E
3 F preliminary .
SM-prediction : R :
300— ]
| Phys. Rev. D72 (2005) 014013 | E E
Aq= -0.0061 + 0.0043 - E
100 - ]
- \ﬁ—ﬁ,._ ____ E
Ap enhanced in NP scenarii vy "
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Previous best measurement : - - - -
| BABAR, Phys. Rev. Lett. 84, 5283-5287 Né eoo;— LHCb ; " —;
ACP- '00]6 * 0022 * 0007 @ 5002— preliminar'y B — K }/ —;
£ 400 —
- LHCb preliminary result (1.0 fb): % so0f- =
N +N_ =5300+100 [LHCb-PAPER-2012-019] o E
BO BO - 100 =35 —
0 *() o B s e L T r*w:

ACP (B =K y)=0.008£0.017(star) = 0.009(sys?) MK ) (MoVIc?)
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K'm-/K-m* detection asymmetry

e K a)—-e(K'm)

A, (K)=

=(-1.0x0.2)%
From charm D°—Km large control sample b K n)+e(K*'m™) ( %

LHCb-CONF-2011-042.

B production asymmetry

A (B~ RB)-RB)

— =(1.0x1.3)%
from large B—J/yK* sample R(B)+R(B) ( :

Background model

Contamination level, shape & CP asymmetry in various background components

Detector non-uniformity

Possible detector bias strongly reduced by switching regularly the magnet polarity

correction (%) uncertainty (%)

Detection : —Ap(Km) +1.0 +0.2
B° production . —kAp(B?) —0.4 +0.5
Background model : AAg, —0.2 +0.7
Magnet polarity : AA +0.1 +0.2
Total +0.5 +0.9

12
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« Results demonstrate the LHCb ability to perform ‘calorimetric’ physics
« exciting prospects for new observations and CP violation studies in modes with
photons and neutral pions
e.g. b-baryons radiative decay A,—A"(Kp)y used to normalize the contamination to K*y

Expect new measurement on radiative decays with 2012 data

« Investigating the photon helicity structure in radiative decay
* Right-handed photon in b—qy is suppressed by (m,/m;) within SM

AB, = [7yx)

_ _ is a sensitive parameter for NP search
A(Bq g f J/L)

tan W =

« Time-dependent decay rate is sensitive to photon helicity
(-)
(B, = fy)= ‘A‘ze'rqt[cosh(Aqu/Z) 'nh(Aqu/Z)i C,cos(Am, 1) F S, sin(Am qr)]

ASA =~ sin(2y)

= B_. —®y is a promising channel for the extraction of sin(2V)
= Reliable theoretical prediction at NNLO — probe for NP in loop
13 = First step will be an untagged effective lifetime measurement
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World best measurements in radiative Vy decays ...

[LHCb-PAPER-2012-019] - L = 1 fb!

B(B — CID)/) =1.31x0.07(stat) £ 0.04(syst) =0.10(f, / f,)

B(B, = ®y)=(3.3x0.3)-107
A (B° — K™y)=0.008 +0.017(stat) = 0.009(syst)

. consistent with SM expectation

Other radiative B decays and photon polarization being investigated with 2012 data
14



Additional material

15



Mass resolution is based on precise momentum measurement with LHCb magnet and
tracker: Ap/p<0.5% up to 100 GeV/c

With 2010 data!

LHCb-CONF-2011-027: masses [MeV/c?] 55,3
M(BT —=J/¢vKT) = 5279.27 +0.11 (stat) +£0.20 (syst) 5279.17 0.29
M(B" —J/¢K*") = 5279.54 +0.15 (stat) +£0.16 (syst) 5279.50 0.30
M(BY — J/¢KY) = 5279.61 £0.20 (stat) £0.20 (syst) 5279.50 0.30
M(BY — J/yo) = 5366.60 4+ 0.28 (stat) +0.21 (syst) 5366.30 0.60
M(A, — J/A) = 561949 +0.70 (stat) +=0.19 (syst) 5620.2 1.6
MBI —J/ynt) = 6268.0 £4.0 (stat) 0.6 (syst) 6277 6

World-best mass measurements!
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Prelimmary 11151 115 events
s ~ 7 TeV Data

o=10.50 0.10 MeV/c
B,* — J/y K*

2010 L=35 pb-!

5350 .
A MeViet)

-

Events/ ( 8 MeVic™)

I[.LHCH
Prehimimary
NS 7 TeV Data

816 30 events

o =6.96 0.25 MeV/c?
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LHCDb lifetime measurements using 36 pb-' of 2010 data — world class!

Both statistical and systematical errors are expected to be significantly improved

5

.o

Vertex Locator (VELO)

provides excellent proper
time resolution of ~50 fs

mm)

(

Resolution
o

=

for 25 tracks:
o, *16um
.” 16 ym
o, 76 ym

LECD TELO Preiminary
N5 w7 TeV Dats

A A
20 25 30 k3 49
nTracks
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with 2011 data!

LHCb-CONF-2011-001 [ps]

7(B*—= JWK™)
(B —= JiK*0)
(B — JuWKY)
rringle( B0 JA00)
7(Ay — J/UA)

L
E

Events / { 0005 Gevi')
T

- LHCD

B — JjwK* [

1.659 £ 0.022 (stat
1.512 £+ 0.032 (stat
1.558 + 0.056 (stat
1447 £ 0.0641 (stat
1.353 £+ 0.108 (stat

Preliminary
T T Daee

Events /( 0.007 Gevie’ )

5 55
My invanant mass (GeV/ic?)

-)
-)
-)
.)
-)

Events /(025ps)

Events /(025ps )

PDG [ps]

+ 0.047 (syst.) 1.638 0.011
£+ 0.042 (syst.) 1.525 0.009
£ 0.022 (syst.) 1,525 0.009
£ 0.056 (syst.) 1.477 0.046
+ 0.035 (syst.) 1.391 0.038
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photon/electron/hadron PID —

SPD/PRS/ECAL/HCAL
N " LHCD Prelimanary
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RICH PID absolutely necessary to
identify charged hadrons in B - hh
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%bl Pho’ron polamza’rnoném BO—K*ee . - O

* Another way to measure the photon polarization :
-> Angular analysis of the decay B,—~K*ee decay in the low g2 region

[HFA62010]

B(BO—K*ee)= (1.0357) x10™
-> preliminary analysis of LHCb data indicates that O(100) are to be collected in 2 fb-
-> expected to give a competitive measurement to BO—dy

-> additional information from K*pu at low g2 could be used
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