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http://arxiv.org/abs/1307.5025
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13004

Rare Bs and Bq decays

Standard Model predictions:

BR(Bs — ptp™) = (3.56 £0.18) x 107 arXiv:1303.3820
BR(Bg — ptu s = (1.07 £ 0.10) x 1071 arxiv:1208.0934

“Box diagram”

“Z penguin’

black: Standard Model particles

red:

new particles (here MSSM)
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«

< In Standard Model
decays of Bs and B4 into
muons are highly

suppressed

- b=»s(d) Is a flavor
changing neutral current
(FCNC) transition

< decay through higher-
order loop diagrams

< helicity suppressed

< Cabibbo enhancement of

Bs=>uu over Bq=>uu due to
|Vid| < |Vis|

¢ Enhancements of the
branching fractions

possible due to new
physics.
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® More than a 25 years

quest.

® Until 2012 only limits
could be achieved.

2 2012 LHCD first
evidence (3.5 o) for Bs

arXiv:1211.2674
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nalysis or ClVis aata irom LHGC run 1: o1b

QA
< SlMultaneous Searcn 1or the decay bs=» U U and Bg=>» J'J

Fanaidate events (twoe muons irem a common decay. VErtex,

dnalysisiecnnigues (5oosted Decision Iree)

SITteINVanant mass ortne iinally Selected adimuon sample

EffICIENCIES, a A aken from iviente €arlo (IViI€) simulations anad validatea with data

< Bs mesons in data and IVIG validated anad compared utiizing: Bs=>J/PYe=u" K"K
B5aCKgrounas
< ‘complnatoral.estimated from siaepands,
< rare single B decays by iviente Cario (IVI€) simulation,
< Non-peaking: b=>NuV, b=>UUV, /\p=>PUV (h;h*: charged hadrons misidentified as muons)
< peaking: B=»nhn

»)

elative normalization to: B==»J/WK* {0 avoid dependance on Db-proauction Cross
SeCction and luminosity measurement:

-quark hadronizing into a B* or Bs meson
+£0.020 (arXiv:1501.52606)
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SILICON TRACKER
Pixels (100 x 150 um?)
CMS DelteCtor ~Im?  ~66M channels

Pixels
Tracker
ECAL
HCAL

Solenoid

Muons

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

: 14000 tonnes
:15.0 m

: 28.7 m
:3.8T

SUPERCONDUCTING /
SOLENOID
Niobium-titanium coil

carrying ~18000 A

Microstrips (80-180um)
~200m* ~9.6M channels

CRYSTAL ELECTROMAGNETIC

CALORIMETER (ECAL)
~~76k scintillating PbWO, crystals

=

PRESHOWER
~— Silicon strips
~16m? ~137k channels

/) . CALORIMETER
// ‘ Steel + quartz fibres
HADRON CALORIMETER (HCAL) ~2k channels
Brass + plastic scintillator MUON CHAMBERS
~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers

Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers



Bs=2upy candidate event

CMS Experiment at LHC, CERN

Data recorded: Wed Aug 17 06:31:23 2011 CEST
Run/Event: 173389 / 173713433

Lumi section: 137
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CMS dimuon trigger overview

proton - (anti)proton cross sections 2 0p = 300 pb = =10 Hz b-events

109 Ellll Ll Ll lllllll

ok ® maximum CMS archiving rate O(100) Hz

o | " fovaton LHC 1 ® CMS trigger split in 2 steps:
i 5 G i ® L1 Trigger (max. rate 100 kHz):
® custom electronics

® pre-selection of events based on information
from the muon systems and calorimeters.

¢ High Level Trigger (HLT) (max. rate O(100) Hz):

® a multi-processor computer farm running
standard CMS reconstruction software

® reconstruction algorithms are performance
optimized

¢ uses the information of all detectors incl. silicon
tracker to select the final data used for analysis.

® Di-muon event candidate selection:

o =120 Gev)” P ¢ L1 trigger: two muon candidates in the muon
5 [ OrgesMy /N ' chambers = 10 kHz at the end of 2012

0 ,(E." > Vs/20)
>
/-

3 ojet(ETjet > 100 GeV)
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events / sec for L = 10 cms™

200 GeV” | SRE _
wisos  500GeV 7/ ® HLT: due to varying LHC conditions the selection
T Ty e (pT, N, mass window) had to be optimized (rate
and efficiency) = 10-30 Hz at the end of 2012
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Dimuon reconstruction

Offline reconstruction of muons by
means of silicon tracker and muon
chamber hits In combination.

VWell reconstructed muon candidates
candidates (pt=>4 GeV) accepted by.
means of a BDT.
< BB trained on MC simulation samples of
B-meson decays {0 kaons and muons.
< BB further reduces the hadron-to-muon
misidentification.

< Another set of BDTs is used for the final
signal (background) selection.

< packground level'and mass resolution
depend significantly on the B-candidate
Nuy, €.9. OmMyu 32 MeV @ nup= 0 and 75
MeV @ [Qppu (> 1.8

< ‘events categorized in “barrel™: |nuy|< 1.4
and “endcap’: |nuy|[> 1.4.

Arno.Heister@cern.ch

eta=0.8 / 1.04
T A

CMS muon system:
Muon Drift Tubes
Cathode Strip Chambers
Resistive Plate Chambers

® data ® data

W\JMC simulation “.‘ K\JMC simulation
:\

“\

40
(B) [GeV]
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Normalization channel B==>J/pK*
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L=5fb'(/s=7TeV) L=5fb" (/s =7 TeV)

Barrel Endcap ¢ Similar selection as for

signal events, but
different mass window,
changed pr thresholds,

all (decay) tracks used in
vertex reconstruction.

® Yield extraction:

e B8 gy _ 5, ® shape templates extracted
My [GEV] from MC for signal and
backgrounds,

® estimated systematic error
on the event yield,
considering alternative
fitting functions: 5%.

: ® Different mass resolution
O - B . .
15000k ; for different categories

10000; = (7/8 TeV + barrel endcap)
5000F visible.

Candidates / 0.010 GeV
Candidates / 0.010 GeV

CMS L=20fb" (Vs =8TeV)
> 40000

Barrel Endcap

(O] r
o 35000
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3 30000
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5 25000:
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2 20000¢
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Candidates / 0.010 GeV
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Rare backgrounds
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“non-peaking”

MS L=20fb"(/s=8TeV) 22CMS L=20fb" (/s =8TeV)
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Barrel CMS simulation
1B° — Ko
EB° — uwy
B’ — utw
[]B° —= wuty
L] Bg — Kut*v
BB - iy
BB — K'uw
BB — wturw
B AD — puv

Barrel CMS simulation
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I BN [T R P IR R N BN
52 54 56 58 52 54 56 58
m,, [GeV] | ;: m,, [GeV]

» Expected number of events in each
channel normalized to B* in the analysis.

» Numbers weighted with muon mis-
identification probability measured on data

————— e
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1D-BDT: fit results
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CMS-L=51fb"Yys=7TeV - Barrel CMS-L=51b"{s=7TeV - Endcap
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— full PDF
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—4—data
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CMS-L=20fb"{s=8TeV - Barrel CMS-L=20fb"{s=8TeV - Endcap

—4— data —4— data

—— full PDF |

NN Bg—m*p' ’

] Bty Erm——m

— full POF |}
NRAW Bg—m*u' ‘
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combinatorial bk
semileptonic bkg
e peaking bkg

combinatorial bkg
semileptonic bkg
e peaking bkg

Events / (0.04 GeV )
Events / (0.04 GeV )

Bs=»up significance: 4.8 o (expected
4.7 median)

individual categories are weighted with
SH(S + B)

normalization: fitted Bs signal
corresponds to the total yield of the
individual contributions
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Categorized BDT: fit results

L=5fb"ys=7TeV - Barrel L=5fb"\s =7 TeV - Endcap L=5fb"\s =7 TeV - Endcap

0.31 <BDT < 1.00

CMS-L=5fb"{s=7TeV - Barrel

0.1 <BDT <0.31 0.1 <BDT <0.26 0.26 <BDT < 1.00
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CMS-L=5fb"y{s=7TeV,L=20f" \s=8TeV

—e— data

— full PDF

Bi—u'w
B —utu
combinatorial bkg
semileptonic bkg

=== peaking bkg

- Bs and Bq 1itted simultaneously

- Signal
< Crystal ball
= Normalizationtioating
- Peaking backgrouna
= Sum o Gaussian ana Crystal ball (sa
mean)
= Constrainea (LLeg-Normal) 1o
eXpectation and normalizea to the
measured 5 yiela INCl. ChecK on
naepenadent aata set
< Rare semi-leptonic background . \N———
= Eixed shape, normalization floating 9% 51 52 53 54 05 50 By Sée\f)g
constrained with /5% or nominal value
< Constrained Gaussian kernels from VIC
aata 2 Bs=»up significance: 4.3 o (expected 4.8 median)
= Combinatorial background B> individual categories are weighted with S/\(S + B)
< First degree polynomial incl. validation
On Inaepenaent data-set
< Per event mass resolution included

(o
o

I
o

N
o

S/(S+B) Weighted Events / ( 0.04 GeV)
8 T T 1 COT T T T 1

uu (

B> normalization: fitted Bs signal corresponds to the
total yield of the individual contributions
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< FHadron-to-muon mis-iaentirication
< stuaiea with D= =» D=1 1D =y KT, Ks=P T, /A=PPIT
= 9070 UNCertainty, cConservatively assumea to be uncorrela
< B uncertaintes
< dominated by Ap=>puV. (6:5x10:%) with 100% uncertainty
L L — Y e L—'(\J l ~ :p D
Qfg/fu* DlJQIOOZO < f/ J O J/rr>

< aaditional oo to account 1or r)O))lJ]*’ PT and n aependance

< NO Pradepenaance from ratios or B==»J/WK= VS Bs=>J/Y®

< Normalization channel
< YIelds o 7o
* BR(Ba=JJJWKHXBR(J/W=>pp) = (6.0£0.2)x10> (EDG)
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L = 5fb™ (7TeV) + 20fb” (8TeV)
—— CL, observed
|:] Expected SM CLs +20

|:| Expected SMCL =10
Expected SM CLs median

¢ Upper limit computed
using the CLs method.

® No significant excess
observed.

II|IIIIIII|III]II‘,I-’
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Summary and outlook
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@

BR(Bs — ptpu~) = (3.05g2(stat.) 7o S (syst.)) - 1077 [= Analysis statistically
dominated, final LHC

BR(Bg — ptp ) <1.1-107? @95% CL Run 1 statistics ~25 fb-"
< 4.3 o significance (4.8 o
expected)

< consistent with the

Limits EPS Standard Model

BR (Bs—uu) 2013 expectations

BR (Ba—pp) LHC Run 2:

% = 300 fb:! expected,
Measurements .
BR (Bs—pp) : (éptlmlzed analysis for
d=PHH,

< trigger conditions
challenging, e.g. 4x
higher L1T rate in case of
same selection, etc.
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Backup slides ...



CMS L=20fb" (Vs =8 TeV)

| N I N Y N I B I
I I I I I I

- (n_. >10)

| p0 =0.0728 = 0.0005
| x®/dof =7.7/ 15 (polO)

L p0=0.0703 = 0.0013
. p1=0.0002 = 0.0001

4 | IXIQ/IdeI=I3I'4/I1I4I(pp|I1)I | I L1 1| I I | I I_

5 10 15 20 25 30
Ney

@ 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

Pile-up

<9> @ 2011, <21> @ 2012

CMS L=20fb" (Vs =8 TeV)

rr1rr|yrrrryr T T T 7T T T T T T T T T T T T T T T TT
I I I I I I

- (n_. >10)

. p0 =0.0630 = 0.0003
| x?/dof = 34.9/ 15 (pol0)

| p0 =0.0592 + 0.0009
| p1=0.0003 + 0.0001
1 | 2/Idpt I= I‘I I4'I9I/ I‘I I4‘I (F)QII1 ) 1 I L 111 I L1 11 I 1

5 10 15 20 25 30
Ney

@ Every input variable has
been evaluated to be
insensitive versus the
number of reconstructed
primary vertices

CMS L=20fb" (Vs =8 TeV)
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- (n . >10)

_ p0=0.0227 + 0.0003
""|  x?/dof =19.7/ 14 (pol0)

L p0 =0.0200 = 0.0009
. p1=0.0002 + 0.0001

I IXIZ/Idpf I= I1 IOIOI/ I1 I3I (ppll1 ) | I L1 11 I L1 11 I |
5 10 15 20 25 30
Ney

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




