Measurement of BY — putu~ with CMS

Urs Langenegger
(PSI)

for the CMS collaboration

EPS HEP Stockholm

2013/07/19
® Introduction ==
> motivation and methodology L e
> detector :
e Analysis . 7

> selection
> validation

® Results
> BY — ptp~and BY — ptpum

arxiv:1307.5025, subm. to PRL




Introduction

e Decays highly suppressed in Standard Model

> effective FCNC, helicity suppression _

. b . -

> SM (decay-time integrated) €Xpectation: 0 J t Z°Hoh... H
Bd/ W' H,
S !

B(Bg —ptuT) = (3.574£0.30) x 1077 t u

d/s
BB = uTuT) = (1.07£0.10) x 10~ - W )
(Buras, et al., 2012) -t s u
. 0 ~ ~
> Cabibbo-enhancement (|V;s| > |Vi4|) B,, toujg I|v
of BY — p*p~ over B — ptp~ I -
only in MFV models d/s W=

> high sensitivity to models with extended Higgs-boson sectors

e Complete re-analysis of entire 2011+2012 dataset
> improved muon identification (BDT)

> new and improved variables
> MVA selection (BDT) plus unbinned maximum-likelihood fit

= (Re-)Blind (= half of) data for 5.2 < m,,, < 5.45GeV

> selection development and choice of interpretation methodology
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The CMS detector
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Muon reconstruction and identification

e Large muon acceptance |n| < 2.4
> drift tubes
> cathode strip chambers
> resistive plate chambers

e Muon reconstruction/identification
> global muon: outside-in reconstruction

> tight muon: quality criteria against fakes

> BDT: reduce fakes by another 50% £ mnenic haile il gEvoeT
— track ‘kinks’ |
— inner-outer matching
— muon detector information

|Orbit/Crossing: 32326252 / 1

> [ — muon track
stor ; A = M . . pe L. ) 2
o | ’ ; uon misidentification global muon track
o 1] e(ulm < 0.15% =i
35 - g -
c_EUO-‘S? ] e(u|K) < 0.20% 7 —/
Ko i 1 -
Soa Barrel € < 0.10% : 2 o
o N <1z | ] (ulp) < ’ inner track _

0.2f ;;’,?;j,;‘;:b 1 |measured in data and MC
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Analysis overview

e Signal BY — pup~

> two muons from one decay vertex \
well reconstructed secondary vertex .
| Y ] e
momentum aligned with flight direction

mass around m 5
S

isolated

e Background
> combinatorial (from sidebands)
two semileptonic (B) decays (gluon splitting)
one semileptonic (B) decay and one misidentified hadron

> rare single B decays (from MC 51mulatlon) Soaf
non-peaking, e.g. B - K~ u"v, Ay — putv [ M + j
peaking, e.g. B! - KTK~ . Wﬁ Mﬁ# ﬁ
= Critical issues , "
> optimized selection o1 D
> muon misidentification probability : * |

enters quadratically for peaking bg 5 3
> pileup (isolation) 2 54 56 58
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Methodology

e Measurement of BY — 1t~ relative to normalization channel:

> BT — Jhp K*, with well-known branching fraction
> (nearly) identical selection to reduce systematic uncertainties

obs obs
(S—>’u'u) N €0N 0_8 0E0‘(pp—>B2)
Bs ™ Bg Bg

obs tri
n ana M rig
BY Apt €pt ®p+ fpt fu
o .
N(B* — Jhp KT) Apo et ety 5gég fs
S

S S

BB" = Jpu pTIK)

e Calibration of MC with reconstructed exclusive decays
> B* — Jhp K*: normalization with high statistics

> BY — Jhp¢: B signal MC (p, and isolation)

e Two ‘channels’ per dataset
> barrel: both muons with |n| < 1.4

> endcap: 1-2 muon(s) with || > 1.4[ o =1 ¢ /5 — TTeV taken in 2011
20fb~! at /s = 8 TeV taken in 2012
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Discriminating variables

e Vertexing
> primary vertex w/o the two muons

> secondary vertex of the two muons
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Isolation Variables

e Relative isolation of dimuon
pr(ptu)

pr(ptu=)+ > p1
AR<1

I —

> in cone around dimuon momentum

0 005 01 015 02
dca [om]

> for tracks in cone with AR < 0.7 CMS  L=201b"(f5=8TeV) sooo S L=201 (15 =8TeV)
. 9000F _ F _
. W]th pJ_ > 0.9 Gev 8000; del;:xsidebands | 5000:* DolmduaotZsidebands M
. 2 NIBs = urw r NIBs = urw
e either associated to same PV as candidate 4000
e or with d., < 500 um iggg: N 3000- N
(dcq = distance of closest approach) 3000? zooo;
2000~ :
000l 1oooz—
o Muon ]SOlatlon ° o isolatio1n ’ o m1 isolatio1n
> AR < 05, Pl > 05 GeV and dca < 1 mm cus L=201b" (/s =8TeV) 70009Ms L=201fb" (/s=8TeV)
igggi D.imdlzz sidebands 60005J D'img:tgsi(jel_)ands
e Number of tracks close to SV B
> py > 0.5GeV and d., < 300 um o0
3000
e Closest track to SV o0
> d2, :
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MC simulation vs. data

e Comparison of sideband-subtracted distributions

> in general good agreement
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MVA selection

e BDT training
> TMVA framework
> signal: BY — p™p~ MC simulation
> background: dimuon data mass sidebands
>

avoid selection bias
e split data randomly into three subsets (0,1,2)
e train on 1, test on 2, apply on 3. etc.

— in each channel, have 3 BDTs

e Studies
> selection efficiency in high and low mass sidebands
> signal MC with shifted mass
> pileup for dimuons (and normalization/control samples)

e Selection of normalization and control samples with identical BDTs
> slightly modified variables (e.g. dimuon vertex fit quality)

> isolation variables: ignore hadronic particles from B decay
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MC simulation vs. data (ll)

e Differences between data and MC used as systematic uncertainties
> BT — Jhp K*: <3.0%
> B — Jhbo:  <9.5% (2011)
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Pileup independence

e Average number of interactions per bunch crossing
> 2011: = 9, 2012: =~ 21

e Pileup independence checked

> Signal MC event samples with pileup
e every single variable used in BDT is shown to be pileup independent

> Data studies with BDT output distribution vs. Npy
> mean and RMS, efficiency of BDT requirement

= No significant pileup dependence observed
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BDT Categories

e Two approaches for mterpretat]on

D 1 D BDT m ™ 2011 Barrel < 5 2011 Endcap
10%L, e Data E 10 ® Data E
e (optimized) cut on BDT output 2 T TP e )

b > barrel | endcap

2011 0.29 0.29
2012 | 0.38 0.39 10

independent data set used
— 4 mass distributions 1
> categorized-BDT

e per channel 2-4 categories (BDT bins) °# SO
min. bin edges 1 2 3 4
2011 barrel 0.10 0.31 - - 5 T :51035‘_”‘”_”_”
igﬂﬁgfﬁp 8:18 8:22 033 | oas | 10T 2012 Barrel E : 2012 Endoap
2012 endcap 010 | 022 | 029 | 045 g i?“i‘u  (MC) f Ea‘i e (MO) |

equalized expected signal yield o2k \
— 12 mass distributions

\ 102.\@§§ %

10\ E
o Stra;oegy ((iediie:;e;o;lfnslli_ndirf:] " 10\ \\ § %{\
> BY — p"p” 1D-BDT: UL wi 3 1§\ %N\ 1&%‘\&&\\ -

> BY — utu~ categorized-BDT: UML fit ¢y

0.2 0.4 1 0.2 0.4 0.6 0.8 1

(best expected sensitivity with categorized-BDT )
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Unbinned maximum likelihood fit

e Probability distribution functions
> peaking components: Crystal Ball (w/ and w/o Gaussian)

> combinatorial background: polynomial of first degree
> b — uuv background: Gaussian kernels for MC-predicted mixture
> per-event mass resolution included (excellent data/MC agreement)

e Fit for BY and B simultaneously

> peaking background CMS-L=5fb"Vs=7TeV,L=20fb" \s=8TeV
constrained to expectation
normalized to measured B™ yield
yield cross checked on independent data set

> semileptonic background
fixed shape
floating normalization within uncertainties
(dominated by unknown A, — puv)

> combinatorial background
no constraint on slope

validated with independent data set i AN
Ll e RN
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—o— data
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o

Events / (0.04 GeV )

Expectations and observation (1D-BDT)

Barrel

Endca

CMS-L=5fb"{s=7TeV - Barrel mCMS-L:ZOfb" Vs =8 TeV - Barrel 10CMS-L:sfb" Vs =7 TeV - Endcap 10CMS- L=20fb" Vs =8 TeV - Endcap
E —e— data % E —e— data % E —e— data % E —e— data
- — full PDF o 9 — full PDF o 9 — full PDF o 9 — full PDF
Bgﬂu*u‘ <+ Bgﬂu'u' < Bg%uﬁu' < Bgﬁu*u'
E Bl < 8 B = < 8 B = S 8L Bl—prw
------ combinatorial bkg © T ------ combinatorial bkg o ------ combinatorial bkg © T ------ combinatorial bkg
r «=+ semileptonic bkg = 76 -+ semileptonic bkg g 76 -+ semileptonic bkg Z 7 «=+ semileptonic bkg
----- peaking bkg i C --- peaking bkg ® --- peaking bkg @« C --- peaking bkg
= C = c E
- “>-’ 61— g 61— g 6
w r w w
F 5F 5 5
45 4f 4t
35 3 3=
2f4 2 2
F £ /\
1H 1 oo 1 - - 'A@ x > o
n E N\
RN BANN b ot PR PO SR RN AR WEr e MRS cwaews T obli Ll NN NN S S s
9 5 51 52 53 54 55 56 57 58 59 49 5 51 52 583 54 55 56 57 58 59 4 2 583 54 55 56 57 58 59 49 5 51 52 53 54 55 56 57 58 59

pO N @w » o N ® ©
Ty @ LI I T [ LT T T[T T T T [TTTT [T I TTTT 77T T

m,, (GeV) m,, (GeV) m,, (GeV) m,, (GeV)

e Summary numbers for 1D-BDT approach in BY and B’ signal regions

> signal regions

2011 barrel 2012 barrel

520 < m < 5.30GeV

B’ = ptp”
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Etot [ /0]
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Unbinned maximum likelihood fit (Il

e |llustration of the UML fits
> highest (2"¢ highest) S/B categories for (barrel, endcap) x (2011, 2012)
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All BDT bins
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Results
e Results of the UML fit in the categorized-BDT approach

BB = utu) = (3.07)0) x 107
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0 +,,—. ter SM Z%S\M\
o B - u"u 200 B oo . 'Jﬁ/ﬁﬂo’go.-n- e
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> UML fit in the 1D-BDT approach 0.8/ // \\\
[ ) Bg — M+M_: 4 .80 [expected 4.7 (median)] O.Gf— [ \\
> external input b { N
B(BY) = (6.040.2) x 107 (PDG) B \
fo/fu = 0.256 % 0.020 & 0.0130rano. (LHCb) 2F \\ M / :
. TR TR AT AN 10°
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e Upper limiton BY — ptu~ BF(B,~w'w)
BB’ - utp™) < 1.1x107° 95%CL CLs for the 1D-BDT approach
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Conclusions

e Measurement of B(BY — u 1) and upper limiton B(B" — u ™)
> substantial improvements to previous analysis
e muon identification with BDT
e analysis selection with BDT
e UML fit to mass distributions

> 4.30 significance of observation (4.80 with 1D-BDT approach)
> consistent with SM
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e The future: B" — u"u= g9 ¢ s v wpm o o ]2
> ‘parked’ data Bl S, S— ]
= 10°F ] ™ @ | I
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e 4078 K g FE— om BBl
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Systematics

e Hadronization probability ratio f;/f, from LHCDb ep 04, 001 2013))
> additional 5% systematics for possible p | or n dependence

> in-situ studies show no p, dependence
ratio of B* — J/ip K* vs B? — J/p ¢

e Rare decays

> hadron to muon misidentificaton probability

KO—>7T T

, A = pm,and D*" — DY K 7™zt
50% uncertamty, treating pions/kaons/protons as uncorrelated

> branching fraction uncertainties

> Ay — pui:

large range of predictions in literature
take average (6.5 x 10~*) and assign 100% uncertainty
(note that invariant mass covers BY signal region)

e Normalization
> 5% from yield fits
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Trigger: B? — u*u~ and B* — Jh) K=

e Dimuon trigger

> L1 (hardware) trigger . o
a few kHz at current peak luminosities | 1r1gger efficiency 40 — 807
> High-level trigger > after analysis selection
full tracking and vertexing > time-dependence in MC
e HLT BY — putp~ Determination
> two muons with opposite charge > MC simulation
> inv. mass 4.8 < m,,, < 6.0 GeV > data
> P(x2/dof) > 0.5% — systematics from difference

e HLT B* — Jap K* and B? — Jh) ¢
> two muons with opposite charge, 2.9 <m,, < 3.3 GeV
> cosa > 0.9, P(x?/dof) > 15%
— ‘displaced’ J/i
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