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The LHCDb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of
the extended Higgs sector in MSSM, fully complementary to direct searches

Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

| Boprp= (3.2£0.2)x10? | | Baop'u= (1.0£0.1)x1010 |
Buras et al., arXiv:1007.5291
—> sensitive to New Physics contributions in the scalar/pseudo-scalar sector:

MSSM) o ( mbm#tan?:g )2

( cs.p MSSM, large tanf approximation P




The LHCDb hunt for non-SM Higgs(es)

tanf3 vs M, plane

£

Best fit contours 1n tanf} vs M,
plane in the NUHM1 model
[O. Buchmuller et al, arxiv:0907.5568]
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So discovery contours for observing the heavy MSSM Higgs bosons H, A
in the three decay channels HLA-> 11t - jets (solid line), jet+p (dashed
line), Jet+e (dotted line) assuming 30-60 fb-! collected by CMS.
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The LHCDb hunt for non-SM Higgses
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Regions compatible with
BR(B,~>pp) =2x103%, 1x103,5x10 and SM.

LHCb calculation using F. Mahmoudi, Superliso, arXiv: 08083144
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Current experimental results

Upper Limits on BR(B_—*1) at 95% C.L. at Tevatron
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Limits from Tevatron @ 95% CL.:

CDF (~3.7 fb!): B¢ (By) = pu <43 (7.6) x10”° 5
DO (~6.1 fb!): B¢2pup <51x10~°




Current experimental results
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LHCDb,

10 months old
37 pb!

(33 pb'!
collected in
15 days!)

Upper Limits on BR(B —uu )at 95% C.L. at Tevatron
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Limits from Tevatron @ 95% CL.:

CDF (~3.7 fb'!): Bg (B,) > pu < 43 (7.6) x10°

DO (~6.1 fb!): B¢2pup <51x10~°



B, 42 np @ LHCD

LHCb skills for the search of the B, 42 p:
O Huge cross section: o(pp=>bbX) @ 7 TeV ~ 300 pb

O Large acceptance ( bb are produced forward/backward):
LHCb acceptance 1.9<n<4.9 (CDF: n|<I ; D0: n|<2)
- g(acceptance) for B ;2 pp~ 10%

O Large boost: > average flight distance of B mesons ~ 1 cm

.. A huge amount of very displaced b’s.......
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- o(pp, inelastic ) @ Vs=7 TeV ~ 60 mb

- 80 tracks per event in ‘high’-pileup conditions (~2.5 pp interactions

Xing)

- only 1/200 ev

We expect 0.
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LHCb event display
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1) Efficient trigger:
- to identify leptonic final states
2) Background reduction:

- Very good mass resolution : dp/p~ 0.35% =2 0.55% for p=(5-100) GeV/c
- Particle identification: e(u=2>p) ~ 98% for e(h->w)< 1% for p>10 GeV/c

3) Excellent vertex & IP resolution:

- to separate signals from background : 6(IP)~ 25 ym @ p;=2 GeV/c

See Andrey Golutvin's talk on Wednesday




Trigger for B, 42 pu

max 40 MHz
? e
[,
LO g L.O Single- u: pr> 1.4 GeV/c
max™ ., \iHz up: pr>0.48 GeV/e
P»>0.56 GeV/e
HLTls 5 HIT1  single-p: pr>0.8 GeV/c
£ T [P>0.11 mm
% 30kHz  Global reconstruction IPS>5
HLT2® & HIT?2  Several dimuon lines with
T F M, cuts and/or displaced
vertex
2 kHz on tape + Global Event Cuts for events with high multiplicity

 Half of the bandwidth (~1 kHz) given to the muon lines

* pp cuts on muon lines kept very low = g(trigger B ;=2 up) ~ 90%
* Trigger rather stable during the whole period (despite L increased by ~10°)




Analysis strategy

Soft selection:
- reduces the dataset to a manageable level

Discrimination between S and B via Multi Variate Discriminant
variable (GL) and Invariant Mass (IM)

- events in the sensitive region are classified in bins of a 2D plane
Invariant Mass and the GL variables

Normalization:

Convert the signal PDFs into a number of expected signal events by
normalizing to channels of known BR

Extraction of the limat:

- assign to each observed event a probability to be S+B or B-only as a function
of the BR(B, 42 pu) value; exclude (observe) the assumed BR value at a
given confidence level using the CLs binned method.
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Soft selection

Soft selection:

(pairs of opposite charged muons with high quality tracks, making a common vertex very displaced
with respect to the PV and M, in the range [4769-5969] MeV/c?)

3) Rejects most of the background
> ~ 3000 background events
in the large mass range
4769-5969] MeV/c?
~ 300 background events in
the signal windows

M(B; g+ 60 MeV

Events / ( 12 MeV/c?)
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Signal regions o o o
blinded up to the analysis end 5000 5500 \
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MuonlID performance & background composition

Performance measured with pure samples of J/y=2>pp, K. 2an, p2KK, A2p =

111\é[uonID efficiency vs p n > misidentification rate vs p
SIS T > 0.06 ]
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We are dominated by the bb>upX component
(double semi-leptonic decays and cascade processes)

fake+u ~ 10% and double fake ~0.3%
Peaking background (B>hh’) fully negligible 13

( <0.1 events 1n signal regions)




MVA: Geometrical Likelithood (GL)

Our main background 1s combinatorial background from two real muons:

> reduce it by using _ Input Variables to the GL

variables related to the : vertex gm BIP
66 99 . £, E =o:m o E
geomet%'y. of the e\{en.t. . j e AN
(vertex, pointing, u IPS, lifetime, v L s =
mu-isolation) + pr of the B f i EI 3 i

e F 1 % o E

0.05; Mpi _i Z:z:i:ll H|1_ “fetime :;

Fo R 5

B W isolationi &:F

% S
o.:;— j L___i-——-' 3 Eoo

u isolation

- MC Bd,sel’lll
- MC bb->nuX
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Geometrical Likelihood (GL)

Our main background 1s combinatorial background from two real muons:

> reduce it by using Input Variables to the GL
variables related to the d vertex - Eoe BIP
(19 29 R £ ok E _,:o:M ! o, _f
geometry” of the event: j I PNy :
(vertex, pointing, u IPS, lifetime, L T e I e e e ——
mu-isolation) + pr of the B § 1 if ﬁh
5 I 1 s F! E
Sot |1 1oEn
ical Likelih M For 1l Iofeb] L T
Geometrical Likelihood (MC) D s S ietime
10° = o -
3 Eo ] B
L3 isolationy ¢
S

. ) 0 S 15000 2
u isolation B, (MeV/c)

"""""_Multi Variate Variable 1s built:

- flat for signal 14
—> peaked at zero for background




Geometrical Likelihood (GL)

GL: Rejection vs Efficiency profile

Optimization & training with MC I — -
1 el ""*‘f"":,*' *.....M.‘.*...*.Q, . Geometrlc al

Calibration of the shape with data %0_9983 ...... . 5‘- %_ Likelihood A
(See latel') — 0.996:_ ********** ﬁ-. .é&*@ BDT _:
- *m* AMA .I : .
0.994 mh% Fisher -

- . Discrimjnant
0.992— % ]
: STORT - * 8% NN
Geometrical Likelihood (MC) o} L :
: = ’ = ’ ‘ = = = 0.988r -

10° g

FETHL
o

- flat for signal 15
—> peaked at zero for background




Measure the BR/Upper limit:
the CL, binned method

Geometrical Likelihood vs Mass
1AIAII|III|III|III|III|II!II|§III|III|III|III|III|II
i | i : LHCDb
Bj mass negim}
A . ot AA;

L1 1

1) Events are classified in 2D plane g

GL vs mass. — s

2) Signal regions are divided in bins:
and for each bin the compatibility 1s
computed with the:

- S+B hypothesis [CLg.g]

- B only hypothesis [CLg]
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M(u*,w) (MeV/c?)

- CLg= CLg,/CLg = compatibility with the signal hypothesis
- Used to compute the exclusion

- CLg = (in)compatibility with the background hypothesis

- Used for observation




Measure the BR/Upper limit:
the CL, binned method

Geometrical Likelihood vs Mass
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- Expected background events: ' 2
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—> Use mass sidebands
4200 4400

- Expected signal events: M(u*40) (MeV/c?)
= Need PDFs (Mass and GL)

4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

and an absolute normalization
factor (for a given BR)
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Expected background 1n signal regions

The expected background events in signal regions are extracted
from a fit of the mass sidebands divided in GL bins

Background GL 1n mass sidebands Invariant mass in GL bins

S g
Q 10° o DATA LHCb] 2
B — MC:bb—=puX El=
< 3] E
Lu 102 = : + + +_; w
- ' | . | . 3 E
I hi | | e ———
* I bln2 | bln3 I b1n4 5000 ° OM(w,u') (MeV/c?)
10 E I I < F ' LB S ' =l
g S 2sf 11 LHCbd S
I I 2 1l ] 2
o 20 11 94 o
[ = 11 =
s i ]
_I 11l I 1111 I 1111 I 11| II 1 11 iul II II‘|I 11| I | 5: : : ‘;‘ _: 7
0 01 02 03 04 05 06 07 08 09 1 E , LlLTL*TI_ﬁ_J_J L ] L1 L1111
Geometrical Likelihood 7 4500 5000 5500 6000 6500 4500 5000 = 5500 6000 . 6500
M(u*w) (MeV/c?) M(u+w) (MeV/c?)
Sidebands for binl-bin2: £ 600 MeV around the B, ;mass 17

Sidebands for bin3-bind: £1200 MeV around the B ; mass



Expected background 1n signal regions

The expected background events in signal regions are extracted
from a fit of the mass sidebands divided in GL bins

Expected (observed) background . ‘ .
events in BS’ ,Mass regions Invariant mass in GL bins

T i thebd $ F | | 3
GL B2pp Bi2mn | N [ b% ]
bin ; % o o 3
STl 329.1+6.4 (335) |351.6£6.6 (333) | i Jf
binz 7-4 :|: 1 (7) 8'3+11'10 (8) ;E I o : i I ILHCbI—E § 12
bin3 151704 435 (1) 1.8570% 55(1) i i : % |
: +0.10 +0.13 3 ii : : _
b1n4 0.08 0.05 (0) 0.13 007 (0) g 500 5000 J';iﬂ.:5%:(;1;%;’(53oT [Jgsfo L .r{sloloI L %soltlml : lGS%O
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Signal Invariant Mass calibration

* The B, ,mass line shapes are described by Gaussian + Crystal Ball
—> parameters (u,0) calibrated with B->hh’ and dimuon resonances

1) M(B,), M(B,) average values from B,2>K m and B, KK samples

v F “, 180~
> F >__EF LHCb
- >
8600¢ _ IF-’Ir-IecI:itr)nina 8'%°C Preliminary
g - : ry S140F- V5=7TeV Data
S 500 0 \s=7 TeV Data s FE
s FB ) Kt , =120
»400— 2 r
E r § 1001
S @ F
w300 80—
- 60—
200— -
- 40__
100 205
- et A | = : . :
Q=551 52 53 54 BB 5§ 57 58 §97°5 51 52 53 54 55 56 57 58

K*K invariant mass (GeV/c?)
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Signal Invariant Mass calibration

The Y family: Y(IS) Y(2S) Y(3S)

Wass histogram for Y's

Mass resolutions o(M(B,)) from :
1) B->hh’ inclusive sample:
2) Interpolationffrom dimuon resonances 8

u,=94524+0.4
u =10014.9 =1
4
ug=10341=2
0,=44.9+0.4
0,=473+0.9
05=51=x2

- —
o 2500(— LHCb
S 2000
§ SERCTTITS - L A, = [PK'lce
o 2000 C B® - [K*r]ce <eex Ay = [p]ce
L Coooe B; — [K'rJec seeeomp 4 0 e $innnn . 4nmnn
g r B! - K'K’ i phys
o 1500 ° Interpolation of mass resolutiol
5 - = 22N, = 1.40052/3
> - = Const =3.04 = 0.24
w 1000 = Linear = 0.0044 = 0.0001
- "---..._____._".-"“._ . - p=-0.89
500 :_ ............. g
O e '5 """ =
Aot 4900 20005100 5200" 5300 “5200""5500" 8600 5700 =0 @ M(BS
2 - 9
m,,, (MeV/c?) -
B
- atmg:
. . . . 20F-
- similar kinematics/topology : Jhy, \|J(28)“”’3
. . . . 15>
- SeleCtlon 1dent1cal tO the S1 gnal one. 300030003000 80007000 80009000 (100())(;M1 v;oo
mass (u* u e

—> Avoid to use the PID and use only events triggered
by the other b to avoid bias in the phase space [eg resolution] 19



Signal Invariant Mass calibration

Theramﬂy Y(IS) Y(2S) Y(3S)

Mass resolutions o(M(B,)) from :
1) B->hh’ inclusive sample:
2) Interpolationffrom dimuon resonances 8

Wass histogram for Y's

u,=94524+0.4
u4=100149 =1
ug=10341=2

0,=44.9+0.4

0,=473+0.9

05=51=x2

—_—
N& 2500— LHCb
>
g =B >t Ap — [PK'Jce
o 2000 [ -- B> [K'n]cc ceen Ay = [p]cC
0 - B, — [K'n] *= comb hnnn . ingnn
Z C --By— KK i phys
«» 1500 ° Interpolation of mass resolutio
E ; 55 - 2,
[ § - XNy, = 1.40052/3
> = - Const =3.04 = 0.24
L 1000 o 50 Linear = 0.0044 + 0.0001
- p=-0.89
- 45—
500 C
C SO a0
- S ’c'—‘ E
Lo rbaa el i L i -
4%00 4900 5000 451 00 00 5300 5400 5500 5600 5700 3 C G @ M(B S
2 C )
m,,, (MeV/c?) 30F-
25
- solutio atmg
20F / 6.83 = 0.14
Iy, y(2ST
The two methods give compatible results: 45 400h" 0ot 705 ~“da0h"S06b" T Tidoo
mass (u* w) [MeV]

o(M) =26.7 £ 0.9 MeV/c?
CDF (D0) : o(M) ~ 24 (120) MeV/c?
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Geometrical Likelihood calibration

B-> hh’ sample is also used to calibrate the GL shape with data

% Bin 3 ﬁ The GL signal shape is given by
o r m Ny, 73 +/-1 . . . .
= o S, the fractional yield of B->hh’ in each GL bin.
0 C
g :;- 1E'"|"''|"''|'"'|'"'|""I""I""I""I""
o) .
S o [ | - =
F (o) -1 1 .
4%;)0 4900 5000 5100 5200 5300 5400 5500 5600 5700 E 10 by l
M, (MeV/c?) signa
‘{: 700; xz: 2.666 10-2
; E Ng . pn: 1493 +/- 56
2™ bma e A background
S 10°
ﬂ 400: I
o 3005 _
G zooE 104 LHCb
100%
BS540 2o 5106 ~Baa) 00 23005300 " en 2700 0”'6{1”'62”'65”64”65"'66”'67”'68'”69””1
m,, (MeV/c?) GL

GL shape for signal extracted from B> hh’ is flat as expected.

Systematic error dominated by the fit model.



Analysis strategy

* Soft selection:
- reduces the dataset to a manageable level

* Discrimination between S and B via Multi Variate Discriminant
variable (GL) and Invariant Mass (IM)
- events in the sensitive region are classified in bins of a 2D plane
Invariant Mass and the GL variables

Normalization:

Convert the signal PDFs into a number of expected signal events by
normalizing to channels of known BR:

—> selection as similar as possible with the signal to minimize systematic
uncertainties.

* Extraction of the limit/measure the BR:
-assign to each observed event a probability to be S+B or B-only as a function

of the BR(B, 42 pu) value; exclude (observe) the assumed BR value at a
given confidence level 21



Normalization

* The signal PDFs can be translated into a number of expected
signal events by normalizing to a channel with known BR

BR — BRay x St o fe  Nopoune
— cal - By — +u—
SIgC ;Eg:L|REC€'SI;§1G|SEL fz0 N... ptp
Three different channels used:
1) BR(B*—=J/y(pn'p) K¥) = (5.98+0.22) 10 3.7% uncertainty

—> Similar trigger and PID. Tracking efficiency (+1 track) dominates the systematic
in the ratio of efficiencies. Needs fd/fs as input: 13% uncertainty

2) BRBs—J/y(n'n) o(K'’KY)) =(3.35£0.9) 10°  26% uncertainty
Similar trigger and PID. Tracking efficiency (+2 tracks) dominates the systematic

3) BR(B'—K™n) = (1.94+0.06) 105 3.1% uncertainty
Same topology in the final state. Different trigger dominate the syst. Needs fa/fs 22



Normalization Factors: breakdown

REC SEL|REC TRIG|SEX

€cal €cal €cal Npo_utp-
BR ’ cal “ca ca X s —a X Npo_..+. _
cal (REC SELIREC TRIGISEL _ N BY—ptp

ig “sig sig

*
CREC SEL|REC TRIG|SEL r
norm "norm norm ) y
REC _SELJRECT TRIGZSEL Nnorm QB —pu+p— QRO+ p—
C.-.ig c:ig e_—.ig
*

. (x1079) (x1079)

e

Bt - J/YvKT] 598+0.22§ 0.49+0.02,°* 0.96+0.05 12366 =403 | 84+13 2.27+0.18
BY — J/e 3.4+09 0.25 + Q@é 0.96 +£0.05 760 £ 71 105+£29 2.83+0.86
B - K+tn— 1.94 £+ 0.06 0.82.3:00.06 0.072 £ 0.010 HT8 = T4 7318 1.99+0.40

L
We use fa/fs=3.71+0.47, a recent combination of LEP+Tevatron data by

HFAG, with 13% uncertainty, dominated by LEP measurements
http://www.slac.stanford.edu/xorg/hfag/osc/end 2009/#FRAC

The normalization with three different channels is equivalent to perform three

different analyses with different systematic uncertainties




Normalization: results

REC SEL|REC TRIG|SEL N
BR = BR A X €cal €cal cal X fca.l % Bl—ptu~ @( NBO N
= c s TTHTHT
EREC S-ELlRECG'I.‘R,IG|SEL fBg Nca.l

sig “sig sig ¢

REC SEL|REC TRIG|SEL

B S iRET FRReTSED Noorm | @Boptp-  QBo—sp+p-
sig sig sig
(x107%) (x1079) (x1079)
BT —» J/pKt 598+0.22 049+0.02 0.96+0.05 12366+403| 84+13 2.27+0.18
BY — J/vyé 344+09  0.25+0.02  0.96+0.05 760 + 71 10.5+29 2.83+0.86
BY 5 K+n— 1.944+0.06 0.82+0.06 0.072+0.010 578+74 734+ 1.8 1.99+0.40

The three normalization channels give compatible results:
- Weighted average accounting for correlated systematic uncertainties

» oy, = (86+1.1) x 1077,
apo_yuiu- = (2.24 £0.16) x 1077

24



[Look 1nside the box....

.Ililll |I II| 1 |I II| 1 |II
LHCDb

B, search window

>

4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

| | M(u*,1) (MeV/c’)
1) count the events in the 4 GL bins and 6 mass bins,

2) compare observed events with the expected number 25
of signal and background events



Geometrical L}kelihood Bins

> )
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B, uu search window

Geometrical L}kelihood Bins

([0, 0.25]

[0.25, 0.5]

0.5, 0.75]

0.75, 1]

Invariant Mass bins (MeV/c?)

Exp. bkg. 60.8+12 1.48+0-19 0.34570:053 0.024F0-027
—60, —40 .
[~60, —40] gy sie. fo. 000900003 | 0.00067 00005 | 0.0004700007 | 0.000615 0001
Observed 59 2 0 0
- Exp. bkg. 59.9+11 1.441913 0.329+0-050 0.02210:022
(=40, =201 gypy sig. [ 0.0026+999 | 0.0017+099%8 | (p13+0:0004 | g gp+0-0004
Observed 67 0 0 0
Exp. bkg. 59.07 1 1.4010-18 0.315+0-077 0.02070-022
—20, 0 .
[-20,0]  gyp sig. o 004509017 | 0.0030700017 | 0.0021970000% | 0.00280 0 5005s
Observed 56 2 0 0
0,20 Exp. bkg. 58.1F11 1.3610-1% 0.300F0:073 0.01970-021
0, 20 . +0.0017 0.0014 0.
gip. Slg;i 0. 004200 0017 1 0.003075:0014 | 0.002195): 383§Z 0.002807F 000052
serve 0 0 0
Exp. bkg. 57.3+11 1.3330-17 0.2870-079 0.017%Y: 3}3
20, 40 .
[20, 40] g)l()p. Slga 0.002679-0000 | 0.0017F3-0008 | 0.0013 00003 | 0.001650 0005
serve 42 2 1 0
10, 60 Exp. bkg. 56.4711 1.29+70-17 0.27410-087 0.01670005
! . 0.0003 0.0003
Exp. sig. §0. OOOZ;() 0002 1 0.00060:9993 | 0.000473:0901 | 0.000615 5007
2 0 0

Observed




Results: B.2>uu

Observed upper limit

CLs

/ 68% of possible experiments
s compatible with expected limit

0.2: ........................

90% exclusion _;0_1: ,
95% exclusion [T [-seeropmeeeeooeneeeeeen e E—
qO 20 30 40 50 60

B(B,—>uu) [10°]

LHCb
DO

CDF

Observed (expected), 37 pb™' <43 (51) x10° <56 (65) x10~°

World best published, 6.1 fb! < 42 x10-° <51 x10°?°
PLB 693 539 (2010)
Preliminary, 3.7 fb-! <36 x10? <43x10?

Note 9892 78



Results: B, uu

Observed upper limit

CLs

90% exclusion
95% exclusion

Expected upper limit

/ 68% of possible experiments
N T Compatlble with expected limit

T L1 1 1 1 L1 1 L1 1 1l L1 1 I 1 : 1 I L1 1
2 4 6 8 10 12 14 16 18

B(B—>uy) [10™]

| @%%CL_@95%CL

LHCDb Observed (expected) 37 pb! <12 (14) x10° <15 (18) x10”

CDF  World best, 2 fb™! <15x10° <18 x10°°
PRL 100 101802 (2008)

CDF  Preliminary, 3.7 fb-! <17.6 x10°° <9.1x10°
Note 9892 2L9



B, up: LHCD reach in 2011

B 9uu exclus1on @ 95% CL

100 :
] | ' b 95% CL exclusmn

5X10 8 (today)

L 2x108 (summer2011) ‘

e 1IN 1xl08(aut°mn2011) fffffff |

& 11 A x10'9 (end 20117‘)
EMSD’)PRGD AAAAA

With the data collected in 2011 we will be able to explore the very
interesting region of BR~ 10-% and below




B, up: LHCD reach in 2011

B 9% exclusmn @ 95% CL tanf vs m, plane:

100 | ' S |95% CL exclusmn fch 60 1

1S F
5X10 8 (today) ‘ 17 sof
. 2x10 3 (summer 2011 ) | 3
R HEAN 1x10°® (automn2011) | [
g {7 A x10'9 (end 20117‘) :
: 20F
e ST PR, S A RO :

/I S TS S S A SR S R I (1] I SM-like *©

e PR

' _; ' ' T _ 00 100 200 300 400 500 600 700 800 9001000 0
M, [GeV/c?]

With the data collected in 2011 we will be able to explore the very

interesting region of BR~ 10-% and below




B, up: LHCD reach in 2011

B.~ np 36 observation/ .
s 1t tanf vs m, plane:
R T T T T T T T T el SOF - L
] ‘ | | | ‘ ‘ | | SGE O Q
- 50 v
1 {. 4ofF
L T e e A )
= L N :
o .
I R :
{0 ey 1O SM-like ©
m . H=3 _—
o or o 05 o8 1o 12 1¢ 15 15 20 20 700 200 300 400 500 600 700 800 9001

000~ °
M, [GeV/c?]

With the data collected in 2011-2012 we will be able to have

a 56 discovery if BR>10-8
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Conclusions

e With only 37 pb! LHCb has shown an amazing potential to
search for New Physics 1n the scalar/pseudo-scalar sector.

e The LHCD results:
BR(B,~>pup) <43 (56) x 107 @ 90% (95%) CL

BR(B,>pp) < 12 (15) x 10° @ 90% (95%) CL
Paper to be submitted to Phys. Lett. B

are very close to the best world limits from Tevatron with
~100 (CDF) -200 (DO0) times less luminosity.

The 2011-2012 run will allow LHCDb to explore the very

interesting range of BR down to 5x10-°
and possibly discover New Physics.
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B~ pp @ ATLAS/CMS

Cut based analysis: separate signal from background by using high discriminant variables
such as pointing , 1solation and secondary vertex displacement:

Eg: Distance of flight and distance of flight significance:

- D o

Eo 5

L T E s
: N 2

- i < X 5
3 A el

- b)
CMS preliminary
@aSignal
OBackground

1IN dNIL, |

=
<

-
<
N

BPH-07-001 (2009)]

0 05 1 1.6 2 25 3 35 4 45

50
Transverse decay length [mm] lal:/oso
Experiment N sig N bkg 90% CL limit in
absence of signal
ATLAS (10 fb'!) 5.6 events 14*13_jevents -
o(bb)=500 ub (only bb>up)
CMS (1 fbl) 2.36 events 6.53 events <1.6x108

o(bb)=500 ub (2.5 bb>pp)



Ratio of fragmentation fractions

We use fo/ts=3.71+£0.47, a recent combinaton of LEP+Tevatron data
by HFAG, with 13% uncertainty, dominated by LEP measurements

79 fractions [%] Tevatron fractions [%]

B* 40.4+1.2 33.3+3.0
BO 40.4+1.2 33.3+3.0
B, 10.9+1.2 12.1+1.5
A, 8.3+2.0 214468

HEAG: http://www.slac.stanford.edu/xorg/hfag/osc/end_2009/#FRAC
Tevatron results from PLB, 667,1 (2008)

LHCb will measure them with semileptonic decays and
hadronic B)—Dh decays (Phys.Rev.D83, 014017 (2011)



Normalization factors: systematic uncertainties

B*>J/y K* 4% 5%  13% 3% 4% 15%
B> Ty 8% 5% - 9%  26%(*)  28%
B0 >Kn 7% 14%  13%  13% 3% 23%

(*) from Belle @ Y (5S): arXiv:0905.4345



D. Karlen, Comp. Phys.12 (1998) 380

Geometrical Likelihood

* How the decorrelation is done:
1). Input variables = 2) Gaussian variables
—> In this space the correlations are more linear: easier to decorrelate

3) Decorrelation 1s applied and the variables are re-gaussianized
[ UNCORRELATED GAUSSIAN |

&N
2*F 2
; : = Jfmetecncncbitntnitinincdintnsnlueinsatdipamintan
S c
270 =
- ©

sof

2)“g TAEERETT Gaussian and

L independent
SEET:.  AREEN iR - | varlables:

A fh g v e e T A :

o .. gl e iEReEes 1) 2 Build g2
WY = 2-.:1:‘:,.‘.L...4... ...... g _ . '

—>Tranformation under signal hypothesis: ¥
—> Transformation under background hypothesis: ¥’
Discriminating variable: GL = y?-y%s =2 kept flat for signal



Trigger configurations

Data samples grouped in 5 trigger categories:
- Muon lines stable for 90% of the data set
- Hadron lines: 80% of L taken with LO(h) ET>3.6 and SPD<450 /900

—> important for calibration/normalization channels

LO:
TCK category LO—p L0 — dip L0 — hadron
pr (GeV/c) / nSPD | pry (GeV/c) / pra (GeV/c) / nSPD | pp (GeV/c) / nSPD | _integrated luminosity
la 1.0/ - 1.0 /04 /- 2.26 / - 2.2 pb™"
1b 1.0 / 600 1.0 / 0.4 / 600 2.26 / 600 1 pb™
2 1.4 /900 0.56 / 0.48 / 900 2.6 /900 2.3 pb~!
3a 1.4 / 900 0.56 / 0.48 / 900 3.6 / 900 17.3 pb~"
3b 1.4 / 900 0.56 / 0.48 / 900 3.6 / 450 11.9 pb~*
TCK category | HIt1SingleMuonNoIP Hlt1TrackMuon Hlt1TrackAlILO
HLTI . pr (GeV/c) / prescale | pr/ IP (mm)/ IPS | pr (GeV/c) / IP/ IPS
. la 1.35 / 1 -

1b 1.35 / 1 - -

2 1.8/1 800 /0.11/5 1450 / 0.11 / /50

3a 1.8 / 0.2—1 800 /0.11 /5 1850 / 0.11 / /50

3b 1.8 / 0.2—1 800 /0.11 /5 1850 / 0.11 / /50

HLT2:

HLT2UnbiasedB2mumu Line: 2 identified muons with mass>4.7GeV/c




Background composition:
peaking background from B—>hh’

* The fake rate probability has been convoluted with the p-spectrum
of the dominant B> hh modes. In all cases we expect <0.4 events in
+600 MeV mass range and <0.1 events in the search window.

channel double misID double misID, double misID,
Ampo < 600MeV | Ampo < 60MeV | Ampo < 60MeV
B — Ktn— 0.37 +0.09 < 0.02 0.14 + 0.06
B? - K*K~ 0.13 + 0.06 0.05 + 0.03 0.03+0.03
B? — ntn— 0.06 = 0.03 < 0.01 0.06 = 0.03

The peaking background is fully negligible
Our dominant background is combinatorial of puX with ~10% contamination
from p+fakes [again combinatorial].

14



sensitive
region

Background from B—hh modes

B— hh background in the Geometry Likelithood vs M(uu) plane

B =2 hih

Bd 2Kn
0.97 fb:-1
levtmsr

Y .
5400 8600 A800 6000
Invariart Mass (Mevic’2)

Bd=>an
36fb-1

' E | = 55151 I
55 : . o5 A '. 11t
04 S SR S S
E - b = i r . H i
035 S A — — .l = @  lw !
E z ! e 10fb-1
02— - ; ; :
E i s i 2evtmsr
ot im . | e . ——— :
Py =N I TR PO PO PRI NP ' Bl K LIRAS E'“_.L';L
2800 J000 85200 3400 S000 3800 18 5000 5200

Invariant Mass |Mev/c*2)

5601 5800
Invariant Mass (Mev/c*2)

B— hh background in the sensitive region is completely
negligible with respect the bb—=> upu component



Background composition

* The background after the selection is dominated by real muons
(mostly bb=2>puX component):

MuonlID Likelithood Number of Muon Hits shared between tracks
10 = F
5 * DATA 2 * DATA
Tl MC: bb — u u X §1o3 MC: bb — w u X
> L
L
102
10 ?
; f
:I Lol ) L. E. r—— | L
_ _ _ 0 16 18 20
20 15 10 5 0 5 Cdlr()r]bDliﬁ(M-ﬂ§0 NShared

Exact knowledge of the background level in MC 1is not required as the background in
the signal region 1s anyhow extracted from sidebands of the mass distribution in data




Normalization Factors: breakdown

REC SEL|REC TRIG|SE

€ .ﬁd phﬁﬂ‘+-
BR cal “cal cal % s OHTH o X NBO_, L
REC SEL|REC TRIG|SEL N 0 putp
e . € . f BY cal
12 S1g S1g 8
REC SEL|REC TRIG|SEL
rln{)é'réxc;orm enol'm — Nnorm QBE_,“{»“— QBO—)[A+[1_
sig sig sig

(x1077)

(x1079) (x1079)

z—-&s

N

Bt = J/wK+] 598+0.220 049+0.02 7 0.96+0.05 %[12366 £403| 84+13 2.27+0.18

BY — J /o 3.4+0.9

BY 5 K+tg—

0.25 £ 0.02

g

1.94 + 0.06 | 70.82 + 0.06 ¢
Se -

~0.96 £ 0.05

Ratio of reconstruction and selection
efficiencies for B'>K 7 is close to 1
(differences due different interaction
probability with material)

1
/( 760 £ 71 105+£29 2.83+0.86

-

‘=-H.--'.~
0.072 & 0.010 S\ 578 £ 74 73+ 1.8 1.99 +0.40
~ 4 A

\

&

Ratio of trigger efficiencies for
channels with J/y 1s close to 1

€ = e

Ratio of trigger efficiencies for B*>Kn
is low because B>Kn is required to be 28
triggered by the other b




Summary of parameters

entering in the limit comi)utation

Normalizations

Signal parameters

Background parameters

Background GLkg p.d.f. for BY — ptp~

fal fs 3.7140.47 NP8 GLks bin 1 329.146.4
QRO (8.6+1.1) x 10‘89 NP& GLgg bin 2 7.441.0
Byt (2.24£0.16) x 10~ NPk GLgs bin 3 1.540.4
Signal GLks p.d.f. NPke GLgg bin 4 0.0870 05
Ngé‘)g L nep (total) 611 +£ 76 Background GLks p.d.f. for B® — putpu~
Ngi® pep-s GL bin 2 228 + 86 NPX, GLys bin 1 351.6£6.6
JoT j NP%& GLgg bin 2 8.341.0
Ny pep-r GL b3 108 £ 38 NYke, G bin 3 1.9+0.4
NES ., GL bin 4 215 £ 23 NP8, GLgs bin 4 0.12%55

()

Signal Mass p.d.f.

Background Mass p.d.f. for B® and BY

Mean value for BY

Mean value for B?

Mass resolution

Crystal Ball transition point

5275.01 £0.87 MeV/c?

5363.1 £ 1.5 MeV/c?
26.71 4 0.95 MeV/c?
a=211+0.05

k, GLks bin 1
k., GLks bin 2
k, GLkg bin 3
k, GLks bin 4

—(0.748 + 0.051)/ GeV/c
—(1.36 £ 0.35)/ GeV/c?
(2,29 + 0.28)/ GeV/e2
—(4.15+0.91)/ GeV/2




