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> Large bb cross section, -l il

7§ T

> Large acceptance for B decays,

> Very efficient muon trigger,
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> Good particle ID, tracking and
reconstruction.
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LHCD published limits B(B

(4= 1Fp”) on the 37 pb~! of data from 2010

|Phys. Lett. B699 330 (2011), [hep-ex/1103.2465]|

We present here an update on 300 pb~! collected in 3 months of 2011.
Assuming SM branching fractions and after selection, we expect in these data

3.2 BY— p*tp~ events and 0.32 B — ptu~ events.
LHCD has 630 pb~! on tape at the moment and expects to take ~ 1fb~! this year.
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http://dx.doi.org/10.1016/j.physletb.2011.04.031

Analysis Strategy

Selection
> Muon trigger

> Soft selection, similar to normalization channels
> Blind signal region [Mpo — 60 MeV/c?, Mpo + 60 MeV/c?]

Signal /background Discrimination
> Boosted Decision Tree combining topological and kinematic information
> Invariant mass of the muon pair

Data driven calibration through control channels to get signal and background
expectations

Normalization to convert a number of observed events into a branching fraction
using channels of known branching fractions

Observation/exclusion measurement confronting the experimental observa-
tion to signal and bacground expectations using the CLs method in bins of mass
and BDT. [J. Phys. G28 (2002)|
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http://dx.doi.org/10.1088/0954-3899/28/10/313

Boosted Decision Tree
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BDT Calibration

The BDT response is calibrated on data using:

> BOS) — hTh™ events for the signal

— same topology as BY— utu~

— triggered very differently > use of candidates that did not con-
tribute to the trigger decision to avoid bias.

> events in the mass sidebands for the background.
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INFN

(NP Signal Invariant Mass

The Invariant mass is modeled with a Crystal Ball.

» The means ot the Gaussian are obtained from B?— K+*K~ and B’— K*tr~
» The width of the Gaussian is obtained from data the interpolation between
the mass resolution of dimuon resonances (J/, 1¥(25) and Y’s)

cross-checked with inclusive/exclusive fits of B(% )~ hth~.

_ 2
o =24.6£0.2+1.0MeV/c The search windows are defined as

+60 MeV/c* around each B((?S ) mass.
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Background expectations

The combinatorial background expectation is extracted from a fit to the mass
sidebands in bins of BDT.

Systematics are evaluated using different fit models and fit ranges.
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@N’ Other Backgrounds

The dominant background is composed of real muons from
bb — uuX events.
The other sources of background stem from:

e pp — pu T p processes. p é >
> Isolated muons, [LHCh-CONF-2011-022] J +

> Dimuon mass possibly high, | o
> Very low pt » Very efficiently anti-selected N 20
requiring pr(dimuon) > 500 MeV/c P_ J i .

° B((?S) — hh™ processes were the two final states are misidentified as muons
> The misid probability is obtained from control channels and reweighted to
the B kinematics
> The distribution of the misidentified B(OS y— h*h™ in bins of mass is evalu-
ated from reweighted MC.

B(OS)*' ptp~ at LHCb Marc-Olivier Bettler slide 8/17


http://cdsweb.cern.ch/record/1349022
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on data by LHCb

Three complementary normalization channels are used:
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fs/fq at LHCb

See Stefania Ricciardi’s talk

T T T

fs/ fa is now measured at LHCD:
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[Phys. Rev. D83,014017 (2011)] B 5D
200 B =D p* i

Il Combinatorial

fs/ fa = 0.25340.017%%'4+0.017%*'4-0.020'"*

[LHCB-PAPER-2011-006, submitt. to PRL]
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> and in semileptonic decays:

L = 0.134 4 000470015
“ [LHCL-CONF-2011-023)
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» the combination of the two measurements

. +0.021 w0
fs/fa=0.2677 5 [LHCb-CONF-2011-034]

was used in the normalization.
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http://indico.cern.ch/contributionDisplay.py?contribId=6&sessionId=16&confId=129980
http://cdsweb.cern.ch/record/1366042
http://cdsweb.cern.ch/record/1356181
http://arxiv.org/abs/1106.4435
http://dx.doi.org/10.1103/PhysRevD.83.014017

In the Bgﬁ pp~ search region
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Limit on B(Bg—> pwp)
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Preliminary results from 300 pb~! of data collected in 2011:

B(BSO—> p,"'u_) < 1.6 (1.3) x 1078 at 95% (90 %) C.L.
expected limit, bkg-only < 1.0 (0.8) x 1078
expected limit, bkg&SM < 1.5 (1.2) x 1078
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Limit on B(BY— ptpu™)
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Preliminary results from 300 pb~! of data collected in 2011:

B(B°— ptu™) <5.2 (4.2) x107? at 95% (90 %) C.L.
expected limit, bkg-only < 3.1 (2.4) x 107
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Prospects

Extrapolation based on the 37pb~! collected in 2010 and analysed with
the 2010-analysis. This can be considered rather conservative.
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The ~ 1fb~! expected at the end of 2011 allow a considerable
constraint on MSSM.
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http://dx.doi.org/10.1016/S0010-4655(01)00460-X
http://dx.doi.org/10.1016/j.cpc.2009.05.001
http://dx.doi.org/10.1140/epjc/s10052-009-1159-z

Prospects

Extrapolation based on the 37pb~! collected in 2010 and analysed with
the 2010-analysis. This can be considered rather conservative.
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NEN)

INF) 1
(INF} Conclusions

e LHCb presents a preliminary result with 300 pb~! at /s = 7TeV
[LHCb-CONF-2011-037]

B(BY— ptp™) < 1.6 (1.3) X 10~° at 95% (90 %) C.L.
B(B°— putp™) < 5.2 (4.2) x 1072 at 95% (90 %) C.L.

e Combining with our previous result on 37 pb—%:
[Phys. Lett. B699 330 (2011)]

B(B?— ptp™) < 1.5 (1.2) x 107° at 95% (90 %) C.L.

e And combining further with CMS result:
[LHCb-CONF-2011-047| |CERN-PH-EP-2011-120, sub. to PRL|

B(B?— ptp™) < 1.1 (0.9) x 10~° at 95% (90 %) C.L.

e The excess seen by CDF is not confirmed.
[hep-ex/1107.2304]
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http://dx.doi.org/10.1016/j.physletb.2011.04.031
http://arxiv.org/abs/1107.2304

Backup Material




Nice candidate
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Best B — ptpu~ candidate in terms of BDT (0.9)
and mass (5357 MeV/c?). The muons’ vertex is
well displaced with respect to the primary vertex
(I = 115mm). The B momentum is 58.16 GeV/c,

its transverse momentum is 3.5 GeV/c and its
lifetime is 3.52 ps.
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Observed distribution
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@ New Variables, BDT wvs GL
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Normalization uncertainties

REC SEL|REC TRIG|SEL
B €cal Cca €cal N ! acal acal
f}gEC SiEg}L\REC Eg;uc;\sm ca By—ptp By—utu~
(x1079) (x10719) (x1079)

Bt— JWK*T 6.01+£0.21 048+0.02 0.95+0.01 107358 £1759 2.58 +0.16 0.966 + 0.096
BY— Jhpo 34+£09 023£0.02 095£0.01 5919 £ 84 3.39+£0.98 1.27+0.35
B'— K*r~  1.94+0.06 0.8640.03 0.051+0.01 57324506 2.47+£0.57 0.92+0.22

Summary of the factors and their uncertainties needed to calculate the normalization factors (« Bt ;F)

for the three normalization channels considered. The trigger efficiency and number of B® — K*n~
candidates correspond to TIS events only.

Bt— JW Kt BY— Jhpo BY— K*n~
B=6.01x10°4+35% B=34x1074+26% B=194x107°+31%

trigger and PID similar to signal trigger and PID similar to signal different trigger: use B&) —
channel channel hth~ candidates that did not

contribute to trigger decision

+1 track wrt signal: error on +2 tracks wrt signal: error on topology identical to signal
tracking € dominates in € ratio  tracking e dominates in € ratio

fs/ fa dominates overall B dominates overall fs/ fa, trigger uncertainty
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BDT Calibration

Full fit to the invariant mass distributions of B(OS) — h*h™ candidates in the 77 mass hypothesis
for the whole sample (top left) and for the samples in the bin 2,3,4 of the BDT (top right,
bottom left, bottom right).

BDT € [0,1.] BDT € [0.25,0.5]

N F LHCb - F LHCb
o 1600 % so0f
s F Preliminary S b Preliminary
S MO g - Ay [PKTee 2 I - - Ay Ko
O 100y B KFles o Ay [prlee S 00T ..E s Krlee —-. Ay [prTee
L] F ? — [K'rlee -+ comb wn ’ -.- comb
- - 7 hys g phys
< to00f, - B P -
a F o 300
T soof T P
. -
W eoof— o 20—
400 — N
= 100~
200 N
E . e R E mnep e 1 Mpualis
45664300 5000 5100 5200 5300 5400 5500 5600 5700 460 4900 5000 5100 5200 5300 5400 5500 5600 5700
2 2
m,, (MeV/c%) m,, (MeV/c*)
N’: aso- LHCbh S [ s ],.:‘ 400~ LHCb € [ : ’ ]
2 F Preliminary = E Preliminary
% 300 % 380
s P g - Ay [PKJee s [ Bewr <o Ay [pKee
o F - BY S [K'rlee oo Ay - [prlee ° 300 - - B> [K'rlee 5"1' cooe Ay [prlee
0 250 BY - [K'rlee -+ comb ] E BY - [K'rlce ] <=+ comb
- - Bk phys = 250~ - - Bl K'K . phys
@» 200 [4] E
E E ‘g‘ 2001~
150 =
u=; Lﬁ 150~
100 100
50 505
45004300 5000 5100 5200 5300 5400 5500 5600 5700 4004900 5000 5100 5200 5300 5400 5500 5600 5700
2 2
my, (MeV/e) m,, (MeV/c)

B(OS)%' ptp~ at LHCb Marc-Olivier Bettler slide 22/17



Diphoton Background

P Y é Topology look like signal when associated with an-

>t other PV in the event.

Dimuon mass covers B mass range.

P+ Y i But very low pr, can be anti-selected very efficiently
— —>.  with a pp cut at 500 MeV (98.2% eff. on signal).

[LHCbH-CONF-2011-022]
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