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SM prediction and New Physics

Branching ratio of B, ;> p*u~ in SM s SM T

B(BY »> putp)gy = (0.32+0.02) x 1075,
B(B® — utpu™),, =(0.010 +£0.001) x 10~°.

Example: MSSM
(with R-parity conservation)

BR(B; = u'u)x

tan® B
4
mA
= limit or measurement of B, ;2> uu s - tan®s W
will strongly constrain tanp vs M, plane

B> uu is one of the Golden mode for NP in LHCb
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LHCb

bb pairs are predominantly produced
in the same forward or backward.

Interaction w

Point
— C ] | ] ey B

4nt detector (CMS) and LHCb detector

Rough estimate for B acceptance: 10-300mrad in the bending plane (horizontal)
compare B> JhpK¢ yield with CDF / DO 10-250mrad in the non-bending plane (vertical)

— LHCb
Nsignal: 12 366+403statsyst  (0.037fb-1)

- CDF(CMU-CM(U+X))
Nsignal: 19 762+203stat*syst (3 7fb1)

xxxxxx

lllllll




Luminosity

LHCb ’s luminosity is tuned to 2 x 103%[cm2s1] f

(defocusing the beams) . Optimal

Maximal
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Detector (1/4)

v! side-view (non-bending plane)

M4 M5

NY

Primary vertex resolutions ( 25 tracks):

Vertex locator
(silicon micro strip)

reconstruct
primary vertex (b production)
& secondary vertex (b, c decay)

o(x) 15.8 60
o(y) 15.2 60
o(z) 76 100

Impact parameter resolution (Belle)

20-40
20-40
40-60

oy = 19@50/(pBsin*2 0)ym and o, = 3642/

(pB sin®’? 0) pm.




Detector (2/4)

v! side-view (non-bending plane)

ws M4 —| A warm dipole magnet

T /Bdl — 4Tm

o T—— e TS w—

Tracker stations (3 layers)
(silicon micro strip for small angle region)

= } [ (straw-tubes for large angle region)
R e e e 5p/p =0.35 % (@5GeV/c)
= 0.5 % (@100GeV/c)
Trigger Tracker
(4 layers of
silicon micro strip) LHCb Splp = 0.4-0.6 % 13 MeV
CMS Opt/pt = 1-3 % 40 MeV
ATLAS Opt/pt = 5-6 % 71 MeV

Belle Spt/pt=0.2pt D 0.3/ %



Detector (3/4)

v! side-view (non-bending plane) \ie MS Calorimeter system
M3
= Mgt o el ECAL + HCAL
. T2 o ID high E; hadron, e, gamma
Vertex TT 9 ”LO” trlgger
ECAL
o 10%
_ B . ®1.5%
[ o[ K = E E[GeV]
sm|- - } L - HCAL
I - - | OR 80%
L T E— llm 0 1slm E—e. - — Y 10%
/5"’ ’ : E E[GeV]

RICH system LHCb ECAL HCAL
Charged hadron ID 25X, -
(p range: 2 —100 GeV) 1.2\, 5.6A
Belle ECL KLM
16X, -
0.8\l 3.9\l
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Detector (4/4)

v! side-view (non-bending plane) \a MS

Muon systems (1+ 4 layers)

Gold-plated CP sensitive decays
0 —\ 70
By — J/y(ppum) K,

B = J/Y(u"p7)¢

Golden modes for New Physics:

B—ptp”
B— K*utu~
MuonlID efficiency
5,1. ST 71 T 1 T ]
. . . c 1.1 3
« Performance in the kinematic range of B;>uu: S1.os LHCD ;
w 1 N [ . - —..i
h>p) ~ (7.1+0.5) 102 oosft *3°° %8 ° ]
Sp) ~ (97.1 + 1.3)% &h>p ]
en=2m) ~ )7e g(hhpp) ~ (3.5£0.9) 105 | o9
0.85 E
0.8 Data _
0.75 MC _
0_7...1...1...1.,,1,..'x1
0 20 40 60 80 100
Momentum (MeV/c)
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Trigger

LO trigger

Pileup system —> discriminate single pp interactions
calorimeter trigger for gamma, e, hadron

muon trigger

(Single mu: pt>1.4GeV

or di mu: pt > 0.48 GeV, 0.56GeV )

(bunch crossing rate)

LO

High Level Trigger 1+2

using LO information, tracking, vertexing

Impact parameter

HLT1 muI:)-rI; ID ex. for muon
pt > 1.8GV
orIP>0.11mm, Pt> 0.8GeV
for di muon

HLT?2 LETENEREEIEBLER | invariant mass is calculated

exclusive selections
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3. Analysis strategy

4. Event selection

5. Evaluation of the normalization factor

6. Signal and background likelihoods
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Purpose :
Soft selection to reduce size of dataset.

(signal efficiency = as high as possible
sample efficiency = as similar as possible to signal efficiency)

i ID using “muon stations”.
Good quality events (tracks, vertex) are selected.

Condition for signal candidate:
AM < 60MeV/c2



After all selections ...

343 (342) Bs (Bd)>mu+mu- candidates are remain.
In those candidates, 0.3 (0.04) events are expected.

Dominant background :
~90% bb =2 mu mu X
~10% fake + mu
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Concept of normalization
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)
N signal N signal / € signal

NI

total

— b ’
Nsignal — ©signal N

N : detected #
N’ : occurred #

sample:
normalization with
well known events.

signal

N sample / € sample

N’ total — L * Y or N’ total — BR

X

sample
1) Rely on MC
N signal /€ signal | 2) Many systematics
L*o
N y 1) Rely on data > MC
. signal / & signal 2) Many systematics cancel
=BR sample N
sample / € sample
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0 {
B(Bq —> W ) exact formula of Br
REC SELIREC TRIG|SEL o
—B X Gnorcm€norm €norm v f norm o N Bé’ " LT
T ohorm REC_.SEL'REC TRIGSEL fro N
€sig Esig €sig B, norm
/\

HFAG average of LEP/Tevatron value
f/f =3.71£0.47

Three independent normalization channels used:
B*2>J/y(up) K* B> J(up) $(KK) B> K*'m
BR=5.98x105 (#3.7%) BR=3.35x10% (¥26%) BR =1.94x10° (+3.1%)

 Similar trigger and PID  Similar trigger and PID « Different trigger
-> use events triggered

» Tracking efficiency  Tracking efficiency ind dent of sianal
(+1track) dominates (+2tracks) dominates independent ot signa
error on efficiency ratio error on efficiency ratio * |dentical topology

« f /f, dominates overall * BR dominates overall * Uncertainty from f/f,

uncertainty uncertainty trigger, mass fit
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Results

QRH SELJREC TRIGIS

B (x107) :ﬁ% it Nagem ®50 st (x1077) Wl sty (x107)

S 58 3
B J/(ut )k |598+022(04940.02 | 0964005 | 123664403 84413 2274018
BY oo [/t )oK TK) 34209 10.2540.02 | 0.9640.05 760471 [105£29 2.8340.86
B0 K- 1944006 0824006 | 0.0724£0010] 578274 | 73418 1,99 4 0.40

 Normalization factors from three channels consistent
-> take the weighted average

-9
A =8:6£1.1x10 (dominated by B* —JApK?)
o, =224+0.16x107"°

B —uu

- used for expectation of
# of signal events
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Events are classified in two dimensional plane.
invariant mass

geometrical likelihood (GL)

GL
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GL:

Obtained from data using inclusive B®=>h*h’~
Agree with distribution obtained from B2 ptu-

variables used for GL:
Lifetime & pt of the B
Impact parameter of u, B
distance of ppu ... etc

background probability in the B9, mass window

Probability
=)
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e
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~25% for each
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e
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qOH1

BG
cluster around O

- used for expectation of
# of signal events

1
GL




CB function fit

Mass resolution are calculated in two ways
1) interpolation J/U, P(2S), Y(1S), Y(2S), Y(3S) = puru-
: W

= 0=26.83£0.14 MeV

Gaussian fit

o0 =26.7 £ 0.9 MeV

- used for expectation of
# of signal events

2) inclusive B >h*h’~ reconstruction
- 0=25.8+1.0 MeV

&
III8II

Events / ( 50 MeV/c?)

5400 5500 5600 5700
m,,, (MeV/c?)

4900 5000.5100 5200 5300
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4500 5500 6000
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g B B

sl
T

R

6500
m,,.(MeV/c?)

Sideband region

+1200MeV for upper GL bins
+600MeV for lower GL bins
(fitted with A*exp[-k*x])

— used for expectation of
# of BG events

m,,, (MeV/c?)



E prediction for the number of events in the signal region

Invariant mass GL bin

bin (MeV/c?) [0,0.25] [0.25,0.5] [0.5,0.75] [0.75,1]

(60, —40] Exp. bkg. 56.9' 11 1314919 0.282' 3928 0.016° 292}
Exp. sig. 0.0076*3:993 0.0050* 59927 0.00372:9013 0.0047+9:9912
Observed 39 2 1 0

[~40, ~20] Exp. bkg. 56.1"]] 1.28"013 0.269"002 0.0151" 09052
EXp. sig. 0.0220*5:9984 0.0146+0-0087 0.0107+0:003¢ 0.01380:0033
Observed 55 2 0 0

[—20,0] Exp. bkg. 55.3* 11 1244011 0.257109%8 0.0139" 0073
EXp. sig. 0.038°001 0.02519912 0.0183" 00053 0.0235" 9959
Observed 73 0 0 0

[0,20] Exp. bkg. 54.4'1] 121917 0.246"00% 0.0128" 97
EXp. sig. 0.038"9:913 0.025*9912 0.0183"0:0053 0.0235"):00%0
Observed 60 0 0 0

(20, 40] Exp. bkg. 53.6 11 1181317 0.23505%3 0.0118" )32
EXp. sig. 0.0220"9.9%%4 0.0146 09067 0.0107 00038 0.0138" 9%
Observed 53 2 0 0

[40, 60] Exp. bkg. 52.8110 1141318 0.224+0:089 0.0108*-9149

; 0.0031 0.0025 0.0013 0.0013

Exp. sig. 0.0076 39331 0.0050*3-9%23 0.0037+2:9013 0.0047 130013

Observed

55

1

0

0




M prediction for the number of events in the signal region

Invariant mass GL bin

bin (MeV/c?) [0,0.25] [0.25,0.5] [0.5,0.75] [0.75,1]

[—60, —40] Exp. bkg. 60.8" 12 148019 0.345" 0% 0.024 002
EXp. sig. 0.00090*3-99038 0.00060" 009028 0.00044 000018 0.00056*3-9991
Observed 59 2 0 0

[—40, —20) Exp. bkg. 59.9" 11 144018 0.3290:080 0.022+9:023
Exp. sig. 0.00263 0 500%3 0.00174 20007 0.00128" 00038 0.00164 .550%2
Observed 67 0 0 0

[~20,0] Exp. bkg. 59.0°11 1.40" 518 0315397 0.020"05%
EXp. sig. 0.0045* 99017 0.0030"* 59514 0.00219* 530087 0.00280" 00080
Observed 56 2 0 0

[0, 20] Exp. bkg. 58.1°11 1361013 0.300* 5572 0.0190:021
EXp. sig. 0.0045* 99017 0.00307 59514 0.00219* 330087 0.00280" 50080
Observed 60 0 0 0

[20, 40] Exp. bkg. 57.3%11 1334049 0.28715:570 0.01710:01%
Exp. sig. 0.00263 0 00053 0.00174" 00007 0.00128" 00030 0.00164" . 000°2
Observed 42 2 1 0

[40, 60] Exp. bkg. 56.4" 7] 1.29"017 0.274' %87 0.0158" 0000

) 0.00033 0.00027 0.00014 0.00013

Exp. sig. 0.00090* 599033 0.00060* 399027 0.00044 * 300014 0.00056* :9%013

Observed

49

2

0

0




Green shaded area
CL,: BG only hypothesis

compatible within 1o CLs is higher than 0.1 at BR < 4.3 x 10-8
- The area BR > 4.3 x 10-8 is excluded at CL 90%.

Solid (Dashed) line
CL,: Signal + BG hypothesis
Observed (Expected)

CLs
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7. Results & 8. Conclusions
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First LHCb result (0.037 fb-1)

BR(B,—p+u’) < 4.3 (5.6) 108 @ 90 (95% CL)

BR(B">u*u) < 1.2 (1.5) 108 @ 90 (95% CL)
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latest result (at EPS July 2011)

B(BY — utp)g, =(0.32+0.02) x 10°°,
B(B® > utp"),, = (0.010 £0.001) x 107,

CDF 7fb-1 @Vs=1.96TeV Events
0.46 x 10-8 < Br( Bs2>pupn ) <3.9x10% @ 90% C.L. observed !?

Br(Bd>up ) < 0.6 x 108 @ 95%C.L.

CMS 1.14fb-1 @Vs=7TeV
Br(Bs2>up) < 1.6(1.9) x 10 @ 90(95)%C.L.
Br( Bd=>puu ) < 0.37(0.46) x 108 @ 90(95)%C.L.

LHCb 0.3fb-1 @Vs=7TeV
Br( Bs>up ) < 1.3(1.6) x 108 @ 90(95)%C.L.
Br( Bd>uu ) < 0.42(0.52) x 10 @ 90(95)%C.L.
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Future prospects

~ exclusion @ 95% CL

2011

BR(B ->u'n) (x107)
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Table 5.1: Principal characteristics of VELO sensors.

R sensor ¢-sensor
number of sensors 42 + 4 (VETO) 42
readout channels per sensor 2048 2048
sensor thickness 300 um 300 um
smallest pitch 40 um 38 um
largest pitch 102 ym 97 um
length of shortest strip 3.8mm 59mm
length of longest strip 33.8mm 24,9 mm
inner radius of active area 8.2mm 8.2 mm
outer radius of active area 42mm 42 mm
angular coverage 182 deg ~= 182 deg
stereo angle - 10-20 deg
double metal layer yes yes
average occupancy 1.1% 1.1/0.7% inner/outer

the pile-up veto system and are described in section 7.1. The VELO sensors are placed at a radial
distance from the beam which is smaller than the aperture required by the LHC during injection and
must therefore be retractable. The detectors are mounted in a vessel that maintains vacuum around
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