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In Standard Model decays highly suppressed

@ forbidden at tree level, can only proceed through higher-order loop diagrams
@ helicity suppressed

@ Cabibbo enhancement of Bs—Jup over By —»uu due to |Vid|<|Vis|
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Q Bsis—uM are potentially sensitive probes for Physics Beyond SM, a few

examples:
& 2HDM: BR(Bs/g—pp) « tan* B and m(H+)
» J.R. Ellis et al, JHEP 05 (2006) 063

B MSSM: BR(Bsu—pp) « tan® B
= J.Parry, Nucl. Phys. B 760 (2007) 38

@ [eptoquarks
® S. Davidson and S. Descotes-Genon, JHEP 11 (2010) 073

B  4th generation top
» Wei-Shu Hou, Masaya Kohda, Fanrong Xu, Phys. Rev. D87, 094005 (2013).
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Theory prediction

Q Standard Model prediction for CP averaged branching fractions at t=0

Q BR¥O(Bs—pp) = (3.25+0.17)x10° [A. Buras et al. arXiv:1303.3820]
Q BR¥(By—pp) = (1.07+0.10)x101°

%

07%
- e

M, 3.07 Fp 2 T8 *V, 2
+ - _ -9 s s th"'ts
BR(B; — p™p")sm = 3.25 x 10 (173.2 GeV) (225 MeV) (1.500ps) 0.0405
9 Experimental values are time integrated
[De Bruyn et al. (PRL 109, 041801)]
[A. Buras et al. arXiv:1303.3820]
(s) (s)
— ys =0 - -9 F F AFS
Q BR = [m] BR™O(Bs-up) = (3.56+0.18)x10 W= R~ oT,

18s=1.5161£0.011 ps
Al's/2I's=0.0615+£0.0085
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Q Previous CMS publications
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ATLAS+CMS+LHCDb best
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BR(B;—>pupu)<8.4x10"" @95% CL upper limit on Bs —pp
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SILICON TRACKER

Pixels (100 x 150 pm)
~im*  ~66M channels

Microstrips (80-180um)

Pl Xe I S ~200m* ~9.6M channels

g ol CRYSTAL ELECTROMAGNETIC

lracker CALORIMETER (ECAL)

EC AL ~76k scintillating PbWO, crystals

HCAL

Solenoid . —
Silicon strips

~16m* ~137k channels

teel Yoke "
n“' \ ‘IJ UOMNS

STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
4 % Steel + quartz fibres
HADRON CALORIMETER (HCAL ‘ = R
Total weight : 14000 tonnes Brass + plastic scintillator ( y MUQHK CHAIBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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@ Tracks: Excellent pr resolution = 1%
QD Tracking efficiency > 99% for central muons

Q Excellent vertex reconstruction and impact
parameter resolution (= 15 pm)

@ Muon candidates:

Q Match between muon segments and a silicon

track
Q Large pseudorapidity coverage: |n| < 2.4

@ Muon identification and trigger

efficiencies evaluated with e
Q@ MC methods CMS-PAS-MUO-10-002
@ Data-driven methods: Tag & Probe g i . !,wa R
@ Muon misidentification rates measured in = o s :
data using 5 -
Q@ D*-DO T, D° —Km =% . ]
Q Ks— mm 2 | )
@ A—pr g om0 |
0 —5- Simulation i
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Trigger
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@ Dimuon Trigger @ HLT B* - J/iyK* and Bs - J/yo
@ L1 Hardware Trigger # Two p with opposite charge, each with
B pr>3 GeV (few kHz) pr>4 GeV, [n|<2.2
@ HLTFul tracking and vertexing ® pr(pp)>6.9 GeV
@ HLT Bsop A 2.9 <m(pu)< 3.3 GeV
8 | eading and sub-leading p pr>3,4 @ cosa>0.9
(4,4) GeV |nul<1.8 (1.8<|nl<2.2) | L/o(L)>3
A pr (up)>5 (4.8-6) GeV B distance of closest approach<0.5 cm
B 4.8 <m(pp)< 6.0 GeV & P(x*/dof)>15%
& P(x?/dof) >0.5% E 10°4 2011 Run, L=1.116" | 4 "-iglg.er paths
2 . CMS \s=7TeV —
zlno . -35% e
51 = e 3. double muon

z

I I I
1 10 10
dimuon mass [GeV]
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Q@ Blind analysis of 5 fb'' data at Vs=7 TeV in 2011 and 20 fb-' at Vs=8 TeV in 2012

@ Re-blind 2011 data
& Unbinnned maximum likelihood fit to dimuon mass and discriminant
& Normalization sample B* — J/wK* — (p*p-) K*

@ avoid uncertainties in the b production cross section

Q@ eliminate the need for luminosity measurement

Q@ mitigate the effects of uncertainties in efficiencies
Region definitions Invariant mass (GeV)

overall window 4.90 <m, <5.90

blinding window 5.20 <m,, <5.45

B? — p*p~ window 520 < m,,, <5.30

B, — p*u- window 5.30 < my,;,, <545

Q Control sample B, — J/we—(u*u)(K*K") to compare and validate B, mesons in data and
MC simulations

Q Divide the sample in two main categories, per each year of data taking:
4+ both muons in the barrel (|n|<1.4) »better sensitivity, Bs mass resolution = 40 MeV
4+ 21 yin the endcap =more events but Bs mass resolution = 60 MeV
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P What is new
9 5 fb! data at vs=7 TeV in 2011 and 20 fb! at vs=8 TeV in 2012

@ Better muon identification and fake suppression (MVA based)

@ New analysis variables
@ MVA based discriminant

@ Simultaneous maximum likelihood fit to dimuon mass in several
discriminant bins in barrel and endcaps.
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@ two reconstructed muons
Q@ invariant mass around m(B) \

@ long lived B, with a well reconstructed

secondary vertex and a momentum aligned ’ B\
with flight direction

@ Backgrounds
Q@ two semileptonic B decays

& one semileptonic B decay and one
misidentified hadron
@ Single-B decays

@ peaking (ex. B.—~K K*)

@ rare semileptonic (ex. Av— puv)
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Improved muon identificatio

W
Q Improved muon identification to cope with peaking and semileptonic
backgrounds

@ Use a MVA based on Silicon Tracker and Muon Detector information

@ distribution of hits in the tracker as compared to expected
& Kkink identification
B muon segment compatibility
& y2/ndof
& muon prand n
@ Muon MC efficiency validated with Tag&Probe methods in data

@ Muon fake rate reduced by a factor of ~2 compared to previous analysis, at the
expenses of ~10% muon efficiency reduction

B ¢(u|m) <0.15%
A ¢(u|K) < 0.20%
A ¢(ulp) <0.10%
@ Analysis uses MC pr-dependent fake rate, validated with data (50% uncertainty)
& D*-DO 1 (D0 —Km), Ks— 11T, A—> p1T
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Vertexing variables (NN
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Isolation (1)

9 Primary vertex isolation: relative dimuon isoIatioCnMS

9000:
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7000F
6000
5000F
4000F
3000F
2000

I =

& All tracks within cone of AR=0.7 around dimuon direcflon

and with pr>0.9 GeV
M either from the same PV
M or dca<0.5 mm from B vertex.
@ dip at ~0.97 from minimum track pt requirement

L=20fb" (/s =8 TeV)

Pr (B) + EAR<0.7,pT>O.9GeV Pr 1000

Dimuon

® data sidebands q
W\Bg = utrw

0.5 1
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9 -vertex isolation

Isolation (2)

CMS
((;- 7000?
& tracks reconstructed close to the secondary _ .
vertex 5000L

A eijther tracks not associated to any P.V.

B or tracks associated to the same B
candidate

@& Distance of the closest track to SV (dca)

& Number of close tracks in dca <300 um and
pTt >0.5 GeV

9 Muon isolation (new!)
Py

"pt Y P

AR<0.5:p;>0.5GeV

© tracks in muon cone with AR=0.5
& pr>0.5 GeV

B d..<1mm from the same PV or not
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CMS

L=20fb"(/s=8TeV)
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Data - Simulation comparison

Q Good agreement of sideband-subtracted distributions
Bs—>J/l.|J g)M

R,
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Boosted Decision Tree (BDT) Selectio

lllllllllllllllll

@ BDT Training
@ TMVA framework
A signal: Bs MC simulation
B background: dimuon data sidebands
@ In order to avoid any bias and use three different BDTs:

@ A given BDT was used for training on “1" event, tested on “2"%” and
applied on “3”, and then rotate

9 Studies
@ BDT output insensitive to mass using MC signal with shifted mass
@ BDT output shows no difference for high- and low-mass sidebands
@ BDT output insensitive to pileup

9 Use the same BDT for normalization (J/@ K*) and control (J/y ¢)
samples
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MC vs data comparison N

@ Use differences between data and MC for systematics
Q B*-J/y Kt 3% ; Bs »Jiw & 9.5% (2011) and 3.5% (2012)
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Q Every input variable has been evaluated to be insensitive versus the number of

Q All selections are compatible with a constant efficiency up to at least 30 PV (~40

Pile-up

Npy~ 9 (2011) and ~21 (2012)

Selections have been tuned to be pile-up independent

@ e.g. isolation searches only for tracks coming from the same

primary vertex or not associated with any

reconstructed primary vertices

PU)
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mean(b)
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Same selections as for signal, plus

Q@ 3.0<m(py)<3.2GeV CMS preliminary -

Normalization Channel: B*—J/p K*

CMS preliminary 5=

7 TeV
Q pr(uy) > 7 GeV 3 9000} Barrel 3 2000F ; End )
Q@ pr(K) >0.5GeV S 8000] are 2 ok ndeep
Q@ all tracks used in vertexing S 7°°°; S 4000
« £ o000t £ 1200
@ Yield extraction: 3 5000; 2 10000
. . o &8 4000; S so0f
Q Signal: double (single) Gaussian in barrel 3000} 600
(endcap) 2000¢ 400
g 1000F - 2002— A
Backgrounds: 5 52 54 56 5 5.8 5 52 54 56 G 58
. * m,.« [GeV] m,.« [GeV]
9 Error function for Bq2>J/p K 2> uK-(11%)
decays
. CMS preliminary 5= CMS preliminary 5=
@ Landau function for B> J/yt* decays 3o S I s=8TeV
S 000k Barrel © 6°°°;‘ Endcap
S s000[
Q Estimated syst. error on the event yield: 5% £ $ 4000}
- E 3000F
[&]
2000f
1000F
56 58 7 B
m, « [GeV] m, .« [GeV]
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Rare Backgrounds

@ Expected no. of events in each channel normalized to B* in data:

_ BI"(Y%X) igtat(X) N (Bi)
Br(B*—JIyK*) f, £,,(B°) "

) weighted with muon-misid evaluated from data

Q sys errors: branching fractions and f/f,

N(X)

CMS L=20fb" (/s=8TeV) CMS L=20fb" (/s =8 TeV)
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0 0.25F B = KK 0 q1gf ()8 — Kouw
Al C Al - e - wtw
O_ C . O 16_— S “‘O“' Y
S 0.2 B St Q - 1B — nu*u
0 - - 0 14 B® — wuty
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BR extraction

Q To extract the BR(Bs—pu) categorized-BDT UML mass fits
@ UML fit to 12 mass distributions in BDT bins split in Barrel/Endcap

min. bin edges 1 2 3 4
2011 barrel 0.10 0.31

2011 endcap 0.10 0.29 - -
2012 barrel 0.10 0.23 0.33 0.44
2012 endcap 0.10 0.22 0.29 0.45

& BDT binning chosen to equalize the expected number of signal events

@ To extract CLs limits on BR(Bg—pp) use 1D-BDT

L=20f"(ls=8TeV)
Frr o 5 2 R,

CMS L=5f0"([s=7TeV) CMS L=5f"(fs=7TeV) CMS
7\ L L L \7 ] 7\ L I B B B I \7 5 N
© < .
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102 Fo ® Data = 1025 e Data E 10 ?°.
F R B, — u*w (MC) - Y Bs — w* w (MC) | .
10°
10 \ - 10 \
10\
! -
1\ E 1 % \
‘\ A e \

0.2

0.4

0.6 0.8
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® Data ]
By —urw (MC) |

3 10°
©

102

@ Optimized cut on BDT output and event counting in mass windows

b > barrel | endcap
2011 0.29 0.29
2012 0.38 0.39
oMS  L=201(f5=8TeV)
; Endcap ]
% e Data ]
% RUB; = 1w (MC) 1

e

-
-

.

0.2

0.4 0.6 0.8 1
BDT
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9 Fit for Bs and Bq simultaneously
Q@ Signals
@ Crystal Ball; Normalization floating
Q@ Peaking background

B Sum of Gaussian and Crystal Ball (same mean)

B Constrained (Log-Normal) to expectation and
normalized to the measured B* yield

B Yield cross-checked on independent data-set
Q Rare semileptonic background:

B Fixed shape, normalization floating constrained within

75% of nominal value
@ Constrained Gaussian kernels from MC
@ Combinatorial background:

B First degree polynomial

Weighted Events / ( 0.04 GeV)

S/(S+B)

W
(=}

N
(=}
LI B B

—_
(=]

O

CMS-L=5f"Vs=7TeV,L=20fb" {s=8TeV

—o— data

— full PDF
Bg_)WLH-
B8 BT —=utu
----- combinatorial bkg
----- semileptonic bkg
----- peaking bkg

LIS | T
—4—
——

.
",
.

A.L‘.‘u.\,r sy
54 55 56 57 58 59
m,, (GeV)

B Validated with independent data set

@ Per-event mass resolution included

BR(B, = pup) =

i

BR(B; — i) =~ x

B+

i

_dx

i

B

%X(E_})xBR(Bd — J/YK*)xBR(J /¢ — up)

£

s u
i

_j)xBR(Bd — J/YK*)xBR(J /¢ = pp)

u
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Systematics

Q Implemented as Gaussian pdf constraints in the UML fit

@ Hadron to muon misidentification probability
M studied with D*—D° 1, D® —Km, Ks— 71T, A—> pTT

Ve~

» 50% uncertainty, conservatively assumed to be uncorrelated

@ BR uncertainties

® dominated by Ay~ puv (6.5x104) with 100% uncertainty
Q fo/fu = 0.256+0.020 from LHCb

M additional 5% to account for possible pr and n dependence

= in situ studies show no pt dependence from ratios of B* - J/yK* vs
Bs - J/wo

@ Normalization channel
A yields 5%
B BR(B, = J/yK*)xBR(J /¢ — up)=(6.0+02)x10~
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[ S .c4.30 BR(By — pp) = (3.0'03 (stat)y (syst))x107
L F 40
B BF(BO—>M+M_)= BR(B, = up) = (35:?; (stat+syst))x10'10
L e o AH0V 40
- § (3.0 )x10 .
1.4 o . g
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C Bo—up 2.0 0
|
0.8
-/
o6 !
.
0.4 |
S
0.2F- \\
O_I:‘1IIIIII\LIIII|IIII|IIII|A/III|IIIll"llllllllllf':llll)(1()-9

0 1 2 3 4 5 6 7 8 9 10
BF(B,—~w'w)

F. Palla - INFN Pisa Observation of the Bs—up at the LHC: CMS results - LPCC Seminar, 6 Aug 2013, CERN, Geneva 6



9 No significant excess is observed for Bq -

@ Upper limit is computed using CLs method, based on the observed number

Upper limits on Bq—up

of events in the signal and sideband regions with the 1D-BDT method.

Expected and observed no. of events in signal regions

2011 barrel 2012 barrel

0 — 0 — 0 — 0 —
B' 5 p'p” | By—pp~ | BB u'p” | By pup

Et0t[%) 0.33 4 0.03 0.30 £ 0.04 0.24 £ 0.02 0.23 £ 0.03

:i’gr’lal 0.27 4 0.03 2.97 4 0.44 1.00 £ 0.10 11.46 £+ 1.72
NP 1.3+0.8 3.6 0.6 7.9 4+ 3.0 1794+ 2.8
Nope 3 4 11 16

2011 endcap 2012 endcap
B 5 utp” | By ptp” | B 5 putp” | B pp~

Etot[%0] 0.20 =+ 0.02 0.20 =+ 0.02 0.10 + 0.01 0.09 + 0.01

;’;’Ial 0.11 £ 0.01 1.28 £0.19 0.30 4 0.03 3.56 & 0.53
NEP 1.5 + 0.6 2.6 + 0.5 2.240.8 5.1+ 0.7
Nohs 1 4 3 4

BR(B, — uu)<1.1x10” @95% CL
(expected 6.3x107!° in presence of SM+background)

BR(B, — uu)<9.2x10™"° @90% CL

CMS

L = 5fb™ (7TeV) + 20fb™ (8TeV)

—— CL, observed

|:| Expected SM CLs +20
- Expected SM CL$ 1o
Expected SM CLs median

e S

0 0.2

! lIx10?

1.4 1.6

T8
BF(B” — u*w)

F. Palla - INFN Pisa Observation of the Bs—pup at the LHC: CMS results - LPCC Seminar, 6 Aug 2013, CERN, Geneva



R
INFN

Istituto Nazionale
di Fisica Nucleare

CMS-L=201b" Vs =8 TeV - Endcap

Events / (0.04 GeV )

Events / (0.04 GeV )

10[ —~10F
E —e— data > ¢ —e— data
oF — full PDF 2 oF — full PDF CMS-L=5fb"Vs=7TeV,L=20f" {s=8TeV
F 1RO b G °F u
: B 3 F By > 14 .
8; ------ comlF)Lin‘l:ltoriaI bk pd 8 BB ﬁufl"'r " ) o data
C ‘ al bkg (=T ----- combinatorial bkg 0] full PDF
A 0y g e semll{eptgﬂlc bkg g 7i ...... semileptonic bkg I 9 RO .
..... peaking bkg a F -.-.- peaking bkg g 1o B kv\v\) BS_)M w
6 S oF o r B
o F - L combinatorial bkg
5 Si - L e e semileptonic bkg
F w 10— -.=.= peaking bkg
4 E = L
45 -o- [} |
3 E > -
3 W g
£ o} L
2 E o L
2 E B
1 s - E \ [e)) 6
. o 114._& o -o G__)
0 A seepa g Lo laig E
49 5 51 52 53 54 55 56 57 58 5.9 I I N T =
m._ (GeW) 49 5 51 52 53 54 55 56 57 58 59 g ,
A\
+ L )
_ -q _ ~ KKK
1oCMS-L=5Mb"Vs=7 TeV - Barrel 1o CMS - L =5 1" {5 =7 TeV - Endcap 720 :f§§§
E 2k A B 1S5
R 3 o o D 2
F N o 9 — full PDF - LSRR [
+ SRS
E By um <+ Bl r 3 B
8 BB~ Q g B Bt frasnasmnenne st } RSN 1] N
c combinatorial bkg c t combinatorial bkg 0 : = Siolgle-ld Lol lLlLL
= semileptonic bkg TE e semileptonic bkg 49 5 51 52 53 54 55 56 57 58 59
T peaking bkg g e e peaking bkg mpm (GeV)
61— O g
F > O
E L E
5 5
na af Significance
3 + af Bs—uu 4.8 o (expected 4.7 0 median)
2F 2l
1 T 2k Less sensitive wrt BDT-categories
R T i E [ N X Wk iy YRS R T
G Lol debadabalabal Lol
49 5 51 52 53 54 55 56 57 58 59 9955152 53 54 55 56 57 58 59 USed as a cross check
m,, (GeV) m,, (GeV)

F. Palla - INFN Pisa Observation of the Bs—up at the LHC: CMS results - LPCC Seminar, 6 Aug 2013, CERN, Geneva



Alternative parametrization for SM
compatibility check

9 Test how the BRs are compatible with the SM expectations

Q BRsum(Bs—pp) = (3.5620.18)x 10
Q BRswm(Bs—pp) = (1.07+0.10)x10"1°

CMS Preliminary  ys=7Tev, L=5 fb™ Vs=8 TeV, L=20 fb”

@™l | NN

i A

Sla |0

5\6-\8— ‘

n|S | l

| 3

I - |

< 6 l
R
N |
.
o
R -
04—.'—..-.I\....I..../I’....I
0 0.5 1 1.5 2

w=BF(B—u'w)/BF_ (B—uw)

BR(BS — Uu)
BRg,, (By — pp)
A, = BR(B, = pup) |/ BR(Bs —> pp)
BRg, (B, = up)/ BRg, (By — pp)

]/t=

Simultaneous fit
H=084"0A, =397
Fit for y (fix lambda to SM)

+0.31

u=101"5

Fit for Ags (fix p to SM)
)Ld = 3-1ﬁ(7)

A
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> Conclusions and outlook

V

/a

9 CMS measured the BR(Bs—pu) and put an upper limit on BR(Bg—up)
BR(B; — jijt) = (3.0;1);3 )x10'9
BR(B, = up)<1.1x10” @95% CL

@ Final LHC Run1 statistics ~25 fb™, statistically dominated
@ Analysis employs BDT and UML mass fit
@ 4.3 o significance (4.8 g expected)

& Consistent with the SM expectations % 10 : o Limits EPS

5 [ BR (Bs—pu) 2013

S - P .Q BR (Ba—u) ]

E 10‘8 = Measurements -

Q The future o 2 ® 5 (Bs—up) :

. - C N

@ Analyze “parked data” to measure O - L.-. * “ -

hadronic two body decays S - m LHCb O -

, 2 R

Q Optimized analysis for Bq >y = 10°F © f\:‘nLSAS b l = E

, Y -

© LHC Run 2* with increased statistics % P SR SR
(300 fb'") 2011 2012 2013 2014
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