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Outline

@ Motivations
@ Main features of the analyses
@ Measurements:

- Z+jets cross section in bins of b multiplicity
- angular correlation between B-hadrons in Z + 2 Secondary Vertices events

@ Summary and outlook
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Motivations for vector boson+b jets analyses

@ Interestin the SM process itself (4FS vs. 5FS)
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@ [nterest as one of the largest irreducible backgrounds in several discovery channels

e.g. VH—Vbb
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@ MC predictions are the only possibility to estimate this background but large scale factors
often used to match MC with data often accompanied by large uncertainties — degradation of

the sensitivity of the searches
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Features of Z+b analyses

@ Exploit
- robust identification of the leptons (ee or up) to identify the Z
- reconstruction of decay vertex to infer the presence of a decaying B-hadron

@ Results so far on the 7 TeV dataset: moderate pile-up (<n_ > from ~6 to ~10)

- loosest unprescaled triggers are used
« dimuon p_thresholds (GeV): 7/7, 813, 8/17
« dielectron p_thresholds (GeV): 8/17
- fraction of wrong dilepton-B jet (hadron) vertex association < 1%

@ Baseline choice of the MC for the signal:
inclusive Z/y* sample from MadGraph+Pythia6 “Z2 tune”+CTEQ6L1 pdfs
with cross section rescaled to the O(a* ) corrections (k-factor=1.23)

— “signal’”” = 5FS with massless b quarks in the ME calculation

@ MCreweighted to match the trigger/lepton-ID/b-tagging efficiency measured in the data using
T&P techniques
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Z+jets in bins of b-jets multiplicity (alias Z+b jets)

@ JHEP 06 (2012) 126: pp — Z/y*+b e.g. Z+1b inclusive

@ CMS PAS SMP-12-003: pp — Z/y*+1b e.g. Z+1b exclusive and
pp — Z/y*+bb e.g. Z+2b inclusive

2013.01.15 E.Migliore Universita'di Torino/INFN



Events/2GeV
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pp — Z[y*+b: selection of the events Lo

@ Z[y* fromisolated leptons @ Presence of additional jets @ b-tagging

p *9>20(25) GeV - antik_(cone R=0.5) - detached secondary
© vertex with at least 3
- pie jet
[n***|<2.1(2.5) - p; >25GeV tracks
- 60<m <120 GeV — et _ “tight” i
e |n*]<2.1 tight” L /o, selection
- AR(jet,0)>0.5 * b-jet efficiency ~35%
* udsg-mistag ~ 10~
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JHEP 06 (2012) 126

Pp — Z|y*+b: extraction of the cross section

@ (ross section at the particle level

- pr >25 GeV and |n°|<2.1 hadron level jet (anti k_R=0.5) containing a B-hadron

- 60<m, <120 GeV dilepton (before FSR)

~ AR(ett)> 0.5 b-purity tt fraction
,/
* * N€€+b>X(P_ftf)
Uhadron(z/')’ +b,Z/y" — fﬁ) — A Croqrad A e, X e X L
lepton particle-to-detector lepton-ID and b-tagging
acceptance level correction efficiency

@ Data-driven estimates of the background subtracted signal yields for upu (ee)

- ‘“per-event” b-purity from template fit of the “per-jet” mass of the secondary vertex:

P ~81.5% (83.4%)

_ tt fraction from sidebands of the dilepton mass distribution m,, >120 GeV: f ~18.4% (18.7%)

@ Other correction factors from inclusive Z/y* simulated events

2013.01.15
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CMS PAS SMP-12-
Pp — Z|y*+bb: selection of events o

@ Few changesvs. pp — Z/y*+b to deal with larger fraction of tt events wrt Z+jets

- b-tagging using detached secondary vertex with at least 2 tracks with “medium”
L3D/GL3D selection

* b-jet efficiency ~ 55%

* udsg-mistag ~ 107
- E.M3<50 GeV for Z+bb (eff signal~98%) - 76<m,<106 GeV
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. . CMS PAS SMP-12-003
pp — Z|y*+bb: extraction of the cross section

@ (Cross section at the particle level

- pr > 25 GeV and ]r]b|<2.1 hadron level jet (anti k_R=0.5) containing a B-hadron

““smallest common acceptance” between uub(b) and eeb(b) pT€>zo GeV, |n€|<2.5

- 76<m <106 GeV dilepton (before FSR)

AR(jet,l) > 0.5
@ Extracting separately Z+1b exclusive and Z+2b inclusive cross sections requires:
- Determination of background subtracted yields separately for the 1b and 2b cases

 P_andP_ from simultaneous 1D+1D template fit of m(Sv1) and m(Sv2):
P1b:56.7% (58.9%), sz:83%

« Fraction of tt events from template fit of dilepton mass: f, =6.4%(7.1%), f_  =20% (17%)

- Use 2x2 matrices for lepton acceptance, lepton-ID efficiency, b-tagging efficiency and
particle-to-detector level corrections factors

sel gen
IN“' =A,¢,¢,C,,,IN

- off-diagonal terms introduced by ¢, (e.g. b-tagging inefficiency) and C_(e.g. jet energy

resolution)
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Z+b jets: cross sections

Exp [pb] Th[pb]
Zeib inclusive oo 5.84+0.08(stat)+0.72(syst)+0.25-0.55 (th) 3.9710.47 [1]
CMS PAS SMP-12-003
Z+1b exclusive 3.4120.05(stat)+0.27(syst)+0.06 (th)
Z+2b inclusive 0.3710.02(stat)+0.07(syst)+0.02 (th) 0.33%0.01(stat) [ 2]
Sum 3.78+0.05(stat)+0.31(syst)+0.11 (th)
(extrap. to same A ) 5.72+0.09(stat) +0.47(syst)+0.39 (th)

@ Statistics matters: ~5k events for Z+1b inclusive vs. 0.35k events for Z+2b inclusive

@ Ao/o systematics for pu (ee):

Z+1b inclusive Z+2b inclusive

B o o) 75 0

b-jet purity 2.5% (3.5%) 11.0% (10.3%)
3.8%(3.9%) 6.4% (6.9%)
tt fraction 0.5% (0.9%) 9.4% (8.9%)
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Z+b jets: cross sections

Exp [pb]
Zeib inclusive oo 5.84+0.08(stat)+0.72(syst)+0.25-0.55 (th)
CMS PAS SMP-12-003
Z+1b exclusive 3.4120.05(stat)+0.27(syst)+0.06 (th)
Z+2b inclusive 0.37%0.02(stat)+0.07(syst)+0.02 (th)
Sum 3.78+0.05(stat)+0.31(syst)+0.11 (th)
extrap. to same A 5.72+0.09(stat) £0.47(syst)+0.39 (th
P :

Th [pb]

3.9740.47 [1]

0.33+0.01(stat) [2]

- Z+1b inclusive: some tension with [1]

- Z+2binclusive: good agreement with [2]

[1] MCFM with parton level to particle level correction derived from MadGraph 5FS+Pythia6

[2] MadGraph 5FS + Pythiab Drell-Yan scaled to inclusive Z production with O(a’ ) corrections
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. . . . JHEP 06 (2012) 126
Z+b jets: kinematic variables at the detector level

@ pp —Z/y*+b: large statistics (~3.4k signal events) allows to study b-jet kinematics in a b-pure
environment
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biet in the data harder than in

@ Ingeneral, fair agreement between data and simulation but p_
MG 5Fs simulation (similarly pTZ) — known limitations of the simulation: massless b in ME,

missing higher order terms, decay tables not enough accurate

2013.01.15 E.Migliore Universita'di Torino/INFN 12



Z+b jets: kinematic variables at the detector level
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@ Some excess of events in the data

- atverylow p_
- athigh p_of the bb pair

outside the uncertainty of the jet energy corrections (6p_~3-5%)
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pp — Z/y*+bb: studies limited by statistics (~0.24k signal events)
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Angular correlation between B-hadrons in events with
Z+2 SV

@ CMS PAS EWK-11-015
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Z+2 secondary vertices

@ Z/y* fromisolated leptons @ Presence of two secondary vertices found by the

Inclusive Vertex Finder:
p *9>20(25) GeV

- reconstruction of secondary vertices from seed tracks at large
- |r]“(e)l<2.1(2.5) impact parameter with respect the primary vertex associated to

the dilepton
- 60< m,< 120 GeV

- 4-momentum of candidate B-hadron p_=>p assuming TC" tracks

- candidates from sequential B—D+X decays merged on the basis
of the angular separation AR(SV1,SV2), SV invariant mass, flight
direction

@ No use of jets

- not limited by the size of the jet cone — investigation of
the collinear region dominated by subprocess with qq
initial state

- measurement of data/MC scale factors for IVF efficiency

py E more difficult — measurement of absolute cross section

not available yet

AR=ATAGT+(ANT @ |n|<2, m(SV)>1.4 GeV p > > 8 GeV (=p *™"" > 15 GeV)
=V{A¢)+(An
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CMS PAS EWK-11-015
Z+2 SV: angular variables at the detector level
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@ Good description of extra QCD radiation @ Good control of bb events from a second

parton-parton scattering
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CMS PAS EWK-11-015

Z+2 SV: AR at the detector level

CMS prellmmary, 4 6 b’ Ns=7TeV CMS prellmlnary, 4 6 fb’ \Ns=7TeV
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@ From simulation o(AR(B,B)-AR(SV,SV)) ~ 0.02, e.g. ~1/30 binning size! — small bin-to-bin
migration — no unfolding needed

@ Robustness of the method verified in tt enriched region
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CMS PAS EWK-11-015

Z+2 SV: AR at the particle level

@ Measurement in eight bins of AR(B,B) correcting to the particle level phase space

B-hadron

- p, > 15 GeV and [nB-hadron|; o

- pT€>2o GeV, [n€|<2.4

- 60<m, <120 GeV dilepton (before FSR)

tt subtracted IVF b-purity

2

Ovisible E?SV X 5(? X AE

? ()
TN
~ —~
IVF efficiency lepton-ID lepton
efficiency acceptance

@ Data-driven estimates:

- number of signal events from template fit to dilepton m in AR(B,B) bins

=> 0. — normalized differential cross section

visible
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Z+2 SV: AR at the particle level
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@ Data showing more flat behavior with respect simulation both with MG (LO) and aMC@NLO
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Summary and outlook

@ Z+b jets analyses performed so far in CMS have shown

- Most of the visible events are properly described by a LO massless 5FS MC when
an inclusive (e.g. jets of any flavor) LO-to-NLO k-factor is used

- Some tensions in the description of the event kinematics

e Z+1binclusive: pTZ harder in data — small benefit in adding additional data

« Z+2binclusive: excess at very low p_”in data and some discrepancy in p ™
— need to be re-checked after analyzing the full 7 TeV sample

» 7+25V: 1/o do/dAR(B,B) more flat in data compared to both LO and NLO MC
Next steps:

- measure data/MC scale factors for the IVF efficiency and use do/dAR(B,B)
to understand the origin of the difference in shape

- extend analysis to additional angular variables and in bins of pTZ (e.g.

boosted Z) to have better insight into different production mechanisms
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EXTRA-SLIDES
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CMS PAS HIG-12-044

VH—Vbb scale factors

Table 6: Data/MC scale factors for each control region in each decay mode for the 2011 7 TeV
and the 2012 8 TeV analyses. The errors include the statistical uncertainty from the fit, and a
systematic uncertainty accounting for possible data/MC shape differences in the discriminat-
ing variables. Electron and muon samples in Z(/¢)H and W (/v )H are fit simultaneously to

determine average scale factors.

Process W (Zv)H W({iv)H Z((OH Z((DH Z(vw)H Z(v)H
Low pr 7TeV 8TeV 7TeV 8TeV 7TeV 8TeV
W +udscg 0.88+0.01+£0.03 1.01+0.024+0.01 - - 0.89 +0.01 +0.03 0.96 4+ 0.06 +0.03
Wbb 191+014+031 207+015+0.10 - - 1.36 £0104+0.15 1.304+0174+0.10
Z + udscg = - 111+003+£011 110+002+006 087+001+003 115+007+0.03
Zbb - - 098+0.05+£0.12 1.08+£0.04+0.08 09 +0.024+0.03 1.12401040.04
tt 0934+0.02+005 1.07+001+001 103+0.04+011 1.01+0.02+006 097+0.02+0.04 1.05+0.07+0.03
High pr 7TeV 8TeV 7TeV 8 TeV 7 TeV 8 TeV
W +udscg 079+0.01£0.02 094+0.0240.01 = - 078 £0.02+0.03 0.954+0.054+0.02
Whbb 1494+0.14+019 1.72+0.16+0.08 - - 1.48+015+0.20 1.27 +0.184+0.10
Z + udscg - - 111 +003+011 1.10+£002+0.06 097+002+004 1.04+0.071+0.02
Zbb - - 098 +0.05+012 1.08+0.04+0.08 1.08+0.09+0.06 1.154+0.104+0.04
tt 084+002+003 099+001+001 103+004+011 101+002+006 097+002+004 103+007+0.03
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Z+bb: theory aspects

b quark fusion gluon splitting Z radiation
mostly back-to-back mostly collinear

@ MCFM settings

- o(nproc=261; part=tota)+o(nproc=266; part=real)
- 1nclusive = .true.

@ MadGraph 5FS + Pythia6 settings

-k MLM matching with matching scale k =20 GeV

- hadron level jet is defined to be a b-jet if there is a B-hadron in AR=0.5 cone

2013.01.15 E.Migliore Universita'di Torino/INFN 23



b-tagging performance
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@ Uncertainty on SF_measurements for SSV HEM or HPT discriminants

- p,<30GeV:~12%

- p.>30 GeV: evolved from 10% (used in JHEP 06 (2012) 126 ) to ~3% (used in CMS PAS SMP-12-003)
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PP — Z|y*+b: data-driven estimates of P_and f_
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pp — Z|y*+b: correction factors JHEP 06 (2012)126

Table 1: Extraction of the cross section 0j,.qron(Z/7* +b,Z/v* — UL) for £{ = ee or uu. The
uncertainty on each parameter contains all the systematic effects considered in the analysis,
summarised in Table 2 and detailed in the main text. The first uncertainty on the cross section
results is statistical, while the second is systematic, and the third accounts for limitations of the
theory.

Variable ee+b 1u+b
Selected events 1990 3362

P (%) 83.4 +3.6 81.54+2.9

fi (%) 187422 184423

ey, (%) 35.3 +3.5 349435

e (%) 632 +£2.6 844417
Chadron (%) 84.258 95.015¢

Ay (%) 55.075% 57.2737
Ohadron(Z/Y* +b,Z/7* — £€) (pb) | 5.6140.13+0.73702% | 5,97 +0.10+0.73702
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CMS PAS SMP-12-003

Pp — Z|y*+bb

@ 1D+1D fit of the masses of the secondary vertices
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Multiple parton interaction

m oA X OB
OMPI — &~ X —————
2 T eff
- m=2 for “distinguishable processes”
- 0_=16%4 mb
“process A” o, “process B” O, O,
Z+b jets Z/y* inclusive 3048 nb bb with 700 nb 0.13 pb
p *>25 GeV
Z+2 SV Z/y* inclusive 3048 nb bb with 15 ub 1pb
p *"9>15 GeV
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W+c iets CMS PAS EWK-11-013

@ pp— W+cdominated by sg — W ‘c and gg —SW*'e

W & _ o(W + c+ X) s-quark content
gluon o(W + jets 4+ X) of the proton
s ¢© (W +2+X)
S C o +c+ <
c o S vs. s asymmetry
Re/= = W F e+ X)

@ (ross section ratios defined at the detector level

- p,">30 GeV - p/">20GeV
- |n¥<2.1 - |n*<2.1
- M_(uv)>50 GeV - AR(jet,u) > 0.3
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Wi jets

CMS preliminallry |
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R =0.92%0.19(stat)+0.04(syst)

R = 0.14310.015(stat)+0.024(syst)
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