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Qutline

e | HC collider
e CMS detector

* Process studied
* Physics motivation

e Event selection
e Distributions

* Next steps
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Large Hadron Collider
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Center mass energy [TeV] V4
3.5
Collision Hz

Peak inst. luminosity [10%3 cm2 s°']

Integrated Luminosity  19.7 fb-' for muons
at 8 TeV 19.8 fb! for elegtrons
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Compact Muon Solenoid
experiment
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L + b-jets process

CMS Experiment at the LHC, CERN
Daar e 115612 14:31:090 84 GA

m / boson
= b jet
| b-jet > 2 b-jets
b 7 § —— NN\ Z
i Q
q b q —‘—TTGU<(2
+ +
b z I ¢ Z+|b-jet and Z+2b-jets need to be
0000 Z estimated simultaneously due to
g b i 3 inefficiencies and misidentification
q
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Motivations
_Standard Model - QCDh

* Significant background e Z polarization asymmetry
for the H — bb
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e Supersymmetric Higgses => production
of Susy Higgses coupled with a b quark

b ¢« H/A
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Measurement

. number of background events
number of signal events \Z

Ny

(Nsign = Nee = Nvv = Ncharm = Niight )
o (pp — £(ll)*b) =
g £, JL(t) dt

lepton efficiency

€ = ERECO X €HLT X &SEL

differential cross section measurement as function of:

e leading b-jet pT  * leading b-jet n e / boson pT

* M(bb) * M(Zbb) e angular distributions
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Strategy of the analysis

e / selection through the decay modes into electrons and muons

o only | b-tagged jet
* b-jet selection 2 different samples selected
N at least 2 b-tagged jets

e Scale factor correction applied in MC

* tt background estimation -> data driven approach using the e[ sample

e Event purity estimation for the 2 samples -> from the fit of the BJP distribution

e Detector level distributions -> comparison data/MC
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Objects Reconstruction

Physics objects in CMS reconstructed
by the Particle Flow algorithm

@

| N
| k%////)///.;
'ﬂ
hits in the cells in the hits in the
tracker calorimeter muon detector
tracker tracks calorimetric clusters muon tracks

e Combination of all these objects to characterize the single particle (neutral and
charged hadrons, electrons, photons, muons and tau)

* List of individual particles is then used to build the final state topology

9
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Lepton Selection

" et e
Z ~ )
electrons muons m ""

online selection: online selection:

- Eni > 17 GeV - Eri > 17 GeV
e dielectron trigger: e dimuon trigger:
- Er2 > 8 GeV - Er2 > 8 GeV
offline selection:
¢ pT > 20 GeV emzin[71,111] GeV

e|n| =< 1442 ||
1566 < | n| < 2.4

1= Intan(3))  pr =p- sin(0)

€. L

=ie ZE1+ z Er + E Er
Pr trk

* isolation requirements in
tracker and calorimeters

Mon=— Yo+ Y B+ Y B
Pr |k ECAL

ECAL HCAL AR<0.3

mercoledi 11 giugno 14

HCAL AR<0.3



Jet clustering

Jet 3 I ) jerp 1O'M
S AN LIV . .
.g ].[ [[’. ! Deposited Energy:
L H H H . A [l[ [} o/ [4 Hadronic
* In a p-p collision with high luminosity = e R
and energy many hadronic jets are /T Track Hits
produced. i 4 10m
-> we need an efficient algorithm S Mmesons: " Baryons: —
$ Keons. Neutrons,
etc. etc.
. <10*m
* Applied the anti-kt (R=0.5) = Gluon\y) ]/ Quark
. . =
algorithm => based on a distance g L7
_ —_

Proton

Proton

definition to discriminate the particle
that belong to a jet

|. Definition of the distance:

. . AR
dz’j = mln(PZ?p(Z)ap?p(J)) RQJ, ARzgj = (yz' — yj)2 + (¢z‘ — ¢j)2
dig = p;’ (i) R= /> + 12

2. Given two particles i,j. If di; < dip the two particles are combined together
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Jet Selection

* Leptons removed from particle
before the clustering

* Energy measured summing the
energy of all the particles that
belong to the jet

e Correction to Jet energy scale to
consider bias in the reconstruction
algorithm

* et energy correction applied:

offline selection: - energy coming from pile-up events
removed
e pT > 30 GeV - corrections to obtain the uniformity
in pseudorapidity (1) and transverse
*In| <24 momentum pT

* AR(jet, lepton) = 0.5
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B-tagging

We need an algorithm for the identification

(“tagging”) of jets from the b quark hadronization

LCMS tracking system to reconstruct the secondary vertex
L _

‘B hadrons lifetime is long (z ~1.5ps) = important role of the

Secondary vertex reconstruction:

* kinematic cuts on tracks applied

* distance between secondary vertex and
primary vertex between 00 pm - 2.5 cm

* invariant mass of charge particle from
secondary vertex mass reconstructed

(Mcharged <65 GeV)

* b-tagging done using tracks even when
the secondary vertex is not reconstructed

Events

Data/MC
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Combined Secondary Vertex discriminator ———»

CMS Preliminary
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Y4

Displaced
Tracks

Secondary
Vertex

T
S~

R R

uds quark
c quark

000’.‘¢‘¢¢¢ o %
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® Z(—» ee)+jets Entries 1048994

% Ziets Mean 0.199
+C-j
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[ tr+jets
I
. 7z
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— ] W+jets
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Background events

Different processes can give a similar signal that mimic a “good” event

CMS Preliminar Vs=8TeV [Ldt=19.81b" R o
DIBOSON P = y i e [ A
N7/ . =zl |RMS 0.211
eW*W- + jets — 2I* + 2V + jets vE 4 Ssignal ="
3 - _ diboson ==
e ZZ + jets = 4I* + jets N Z+ (1) bet
102 »’ tt
e W=Z +jets = 31+ V + jets
SINGLE WV + jets: one lepton wrongly . E
identified, produced in association with jets £ == : .
+ . - . . . ] > 3 4 5 6 7 N8_bjets
T T. T T +ijets = 2*+4v + jets
CTOP - ANTITOP = tt »W*W-bb — [*|-+2v+bb>  Main background
14
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tt estimation

pp — tt = W*W-bb — I* |-+ 2V + bb

. __

proton / \ I

q g w* y
\
o t —
proton S — b

evaluated from (eH) + b sample of data with the same selection as Z+b

CMS Preliminary Vs=8TeV [Ldt=19.8 1"
J

® Z(— ee)+jets
—Z(— ep)+jets
— i

120

Strategy

100

* additional cut on the missing energy to
enhance the top quarks component (due to  ®
neutrinos) “

+

40

* shape of tt background from el sample

20

* normalization of tt background from fit

c,=0.437 = 0.011

Z+(=Dbde o

w_mass_ee_b_wide

Entries
Mean
RMS

2658
108.5
40.84

loy = 2346.7 = 58.7
l; =2315.7

ratio

1.4

to the dielectron (dimuon) invariant mass

|||||||_|_|;,.I_ll|lll|l_| [T | T T | T T | [T

NVERFTNN HHH Lt

distribution sidebands using the sideband of B £ SRFSEN 4] + + T+ |+| 7
the el sample as template ——— | |
|5 60 80 100 1 40 18|(\)/IaSS [Ge\iﬁ)o
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Events

Data/MC

b-purity estimation

The b-jets fraction is the number of events after the Z + b selection that truly contains b-tagged jet

10°

10?

® . o 3
°||l|||u_1._|_1¢f_u.||W|

o
o

CMS Preliminary

Vs=8TeV [Ldt=198"
J

-

] _.I_I II|01

pay

JP Discriminator

-> it has to be evaluated for the 2 samples (Z+=1b/ Z+=2b)

b-jet Probability Discriminators built from the impact parameter calculation

Strategy

* background subtraction
e fit the different MC templates

* the light, b, c correction factors
extracted
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b-signal extraction (1)

e Event purity Z + (=2) b sample

* tt background is subtracted

¢ Z+2b and Z+bx (x =l,c) separated

| ~ Z+bb

CMS Preliminary Vs=8TeV [Lat=1980"

* the sample selected is an
almost pure sample of Z+2b

fbb ~ 100%

cl 4 1.051+ 0.156

i * fit of the MC Z+2b to data
........ Ll 1L GGV 90 ST R ) T ol S v vrve aa o ag

S 14 r . ? u

g ”:”_ ? () ’ l

: S Y . ‘ \
e | U 4 4 Ly, MCscle Ic, =051 £0.156)

JP Discriminator factor:
|7
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b-signal extraction (2)

e event purity Z + (=1) b sample
|. events with Z and | b-tagged jet
2. check if 2 b-jets are found using MC truth information

3. Z+2b rescaled for the factor Cp extracted for the Z+2b sample (previous slide)

4. the Z+2b rescaled is subtracted as a background
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e event purity Z + (=1) b sample
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o sl el v
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fit of the fraction Z+1b after

the subtraction of the Z+2b

CMS Prefiminary  f5=8TeV [Lat=1981" T
£ v ®  Z{- oo)ejets | Entries 190%0
5 10— Mean 4214 |
- (BMS
0 =

-

10

Cogy = 1.326 2 0.173
¢, =0.920 » 0.041
¢, #2020+ 0.195

fas =108 1.4%
fp =587+2
fe »3056+29

< background

Coas = 1.326 = 0.173
¢, =0.920 = 0.041
c. =2.029 = 0.195

fo = 58.6 £ 2.5%
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Detector level distributions

20




Z distributions
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Events

Data/MC

CMS Preliminary

b-jet distributions

Vs=8TeV [Ldt=1981"
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Angular distributions ()

CMS Prelimi \s=8TeV [ Ldt=19.8 b’ v | : '
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Angular distributions (2)

CMS Preliminary Vs=8TeV [Ldt=19.81" W DR eeb_min | . | o T
¢ o L Z-coues [Ediies 116 ‘Angular correlation between
- ¢ | B Zodes RMS 0.7507 | .
b 4|_‘_|—0_F|—_ﬁ =1 Z boson and b-jet
L N -
- ]
B 0 Weids
| ]
. ) bie + AR between the Z and the closest b-jet
- + < AR(Zb) min
ol Z(ee) + (=2) b-jet
2 14 - 4
S E ____ CMs Preliminary s =8Ter Ldt = 19.8 fb DR eeh max
° + = e B
0sE- T + t + ' o T =zl |RMS 0.5519
" ! —
° o8 | E é 25 : A R(%Ig) min [re 1o E svzzfjets
W

4 ++(2 2) b-jet

AR between the Z and the further b-jet

AR(Zb) max > . .
Z(ee) + (=2) b-jet 2 e + b * |
w1t A 1

> 25 3 3.5 4 45 5
A R(Zb) max [rad]

—_

mercoledi 11 giugno 14



Angular distributions (3)
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25

mercoledi 11 giugno 14



Mass distributions
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Next steps...

—=> deconvolution of measured distributions from detector effects

C [ 1
_CJS 35? - 1:
unfolded data 5 = “
— O 2-5;_ 12
3 :
response matrix —» 6
0.5; ’
0 05 1 3 2 T 0
MC reco

_Systematics

- study of the different systematic uncertainties sources

theory compari

- comparison with different theoretical predictions

27
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Conclusions

e /+=Ib and Z+=2b samples selected

e Detector level distributions

* Next steps:

* comparison with theoretical predictions
TO DO * e+l channel combination
® systematic uncertainties

¢ final results

e Possible development:
the study of the Z polarization asymmetry in Zb events

28
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