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Motivation

e Higgs-boson-like particle discovered first in
bosonic final states
¢o Interest to test couplings to fermions. In
particular to quarks
e CMS best expected sensititivity worldwide to H
— bb. Using all 7 (5fb™) and 8 (20 fb™) TeV
data available. Mainly from associate
production:
¢ VH: Using WH - Inubb, ZH - vvbb, ZH -
libb
e m =125 GeV - 1.89 (0.95) observed (expected)
exclusion limit, y =1+ 0.5
¢ Implements Tevatron and new advanced

analysis techniques:
e Relatively boosted selection: tipically pT(V) > 100

GeV
e training multivariate BDT: inputs such as Mbb,
pPT(V), ... | | |
e regression techniques to improve mass resolution
10th January 2014 Jesus Vizan

Branching ratios

Lo 1 1
LHC HIGGS X5 WG 2070

/

JANIALS

..........

NS
160 180 200

M, [GeV]

2



Motivation

e This presentation
o Alternative approach relying on a
Matrix Element Technique for ZH

- llbb channel
e Attempt to maximize usage of kinematic

iInformation
e Cross check with the more classic BDT
analysis can “validate” the MEM

o Search uses full 7 and 8 TeV
datasets (CMS-AN-12-476)

* Result is final: full treatment of
systematics, cross checks, unblinding of

the results ongoing
e CMS internal document for the moment

e Todays results only 7 TeV part -
Arnaud Pin Thesis*
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Outline/Analysis Overview

e Event Selection
o Estimation of MadWeight Matrix-Element Weights (main
subject of this talk)
o Basic aspects of MEM weight calculation
o Special Treatment of ISR
o Treatment of FSR using the MEM
* Related to categorization of events: 2-jet and >= 3 jet
categories
o Treatment of ME for overconstrained systems (ZZ, ZH)
e E/P conservation
* n/p smearing TF
o Data/MC Validation
e Data-driven fit to normalize main background
o Usage of MEM to improve accuracy
e Final multivariate discriminator using as inputs ME
Weights
o Basic Idea: Combine ME weights with MLP to produce
discriminators
e Treatment and effects of experimental uncertainties
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Event Selection

e Basic event selection (as inclusive as possible)
o 2 leptons pT>20 GeV

o At least 2 jets Plot for 8 TeV data
e Categorization: njet=2 and njet >= 3 (more |mportant PU)

o Anti PU cuts: P_jet1>40, P_jet2>25, P_Z > 20 GeV
o 2 b-tagged jets (1 “Medium” + 1 “Loose” tags)
o small MET: MET significance < 10
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e Main backgrounds after event selection 1500l gy [ ] teber 3

o tt (sizeable), ZZ (irreducible but small) 1000 e L1 22
o Main Z+jets: Zbb, Zbx, Zxx. Notation: o e, brown=PU
b (x) — If gen level b-parton is (not) ‘
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found within AR < 0.3 of reco jet P7 (GeV)

Events/Z0GeV

Number of expected signal and bkg events after selection (7 TeV analysis 5 fb™)

Process Zbb Zbx Zxx W @ ZZ ZH 125
# exp. events 1060 767 886 231 49 8
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Event Selection: Additional consideration

e |[n this search sensitivity to ZH is based on training MLP using

as inputs ME-weights
o Available statistics for training are quite limited
o Only few thousands of Zbb (main background)

Number of MC events available for training after event Selection

Sample 2jets events > 2 jets events
Drell-Yan inclusive 1663 5530
DY Pz > 100 GeV 511 2386
Zbb (4F) 5561 16800
tt 3834 9969
Z(11)Z(bb ) 3098 4927
ZDH((bb ) (my = 125 GeV ) 12914 11481

e Important to reduce the number of input observables in this
context
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Evaluation of ME Weights: Intro
e Matrix Element evaluation based on MadWeight*

P(x*"|ar) = F00)f ) | d9IM(p)aPW (", p)
w il N
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S o i W
Parton Distribution | eading Order Transfer
Functions process functions

¢ This search uses non-normalize event probabilities (weights)
 Normalization factor 1/c_not taken into account

e Zbb (gg, or qq production), tt, ZZ, ZH hypothesis considered
e Usage of LR approach using probabilities will be explored in the future

o IM(p)|, pdf's provided by MadGraph/MadWeight
¢ User defined Transfer Functions are inputs of MadWeight
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Evaluation of ME Weights: Transfer Function
» Conditional Probability: W(p_; p) = P(p_ |p)

Vis

e Factorization assumed on the dn‘ferent particles (jets,
leptons) and kinematical variables (Energy, n, @)
e Angular variables assumed to be well measured

® Use TF Only on JetS and Lepton [100 <E b-quark < zuu] Jet TF Val|dat|0n

energies (or pT) T T us
o TF parametrized by double gaussian E“ j 1
o Parameters extracted from likelihood black - MCtruth {1
fit using MC events blue ~ Using TF { § = |
‘ 1 _(E—E”?'SQ—Pl) _(E—E”’*SQ—PLL) . - ]
W(E";E) = e @ +Pe BT W R
( ! ) \/ﬁ(P2—|—P3_P5) [ 300 < E b-quark < 1000 |
 CMSNE=TTeV pp Preliminary ..
P; = ai1 + a;oFgen(+ai3\/ Egen) ﬂ_.m;.... R
e For the future: Consider usage of SO R E (R
utabulatedn TF G_M: |
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Evaluation of ME Welights: ISR treatment

o Matrix-Element Weights evaluated in MadWeight at leading order
o Effect of ISR Introduced by applying boost in the transverse

E{%!ane

%\ \."r\v' .
T o pT boost driven to evaluate ME
J\/’ In a framework where “reduced
A i event” is at rest

ﬁ%;?i e choice driven by event
B, Reduced event  hypothesis (process)
D (tt dilepton)
b + ISR jet
o If fully observable final state Ptyost = ), Pt=— Y Pt
L.O.finalstate radiation
o |f not (tt dileptons) Bt = Y Pt4MT—— Y Pt
L.O.finalstate radiation
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Evaluation of ME Welights: ISR treatment

Improvements?

e Simple Approach: Adding extra variables sensitive to ISR helps?
* Benchmark: ZH and Zbb separation power
o Comparison: Using MLP discriminator using as inputs
 ME welights (for Zbb and ZH processes) including ISR corr.
e Adding or not extra variable senstive to ISR: AR(bb)

0.09
- ARDbDb —— ZH (125 GeV) /
0.08-
; —— 7bb

'D.'EITf— be 95<Mbb<150 GeV
- Signal

0.06F

er?r?c?r!éﬁlje | ¢ Result: Despite good
>= 3jets J separation power of AR(bb) no
05<Mbb<150Gey Visible improvement in ZH vs
Zbb discrimination Is seen

¢ Treatment of ISR based on

pPT boost seems sufficient
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Evaluation of ME Weights: FSR treatment

e Drives categorization of events: njet=2, or >= 3
¢ ISR taken into account by transverse boost corrections
¢ FSR not considered in set of estimated ME weights
¢ In addition, better mass resolution and S/B In njet=2

njet =2 njet >= 3jets
a e [ EJ o ) — Data
i | TNy V3! [ ! >
L Ziuw) mets=2 CMS Pr " V.L=5060 =20 (jipi). #pets
€100} s :
: : |
100

0 50 100 150 200 250 300 0 50 100 150 200 250



Evaluation of ME Welights: FSR treatment

e Simple Approach: Adding extra variables sensitive to FSR

o In this case Mbbj, AR(b,))

S R e Signal FSR
01.3;— 50<Mbb<05 GaV z:zz 50<Mbb<05 GeV enrlched regIOn
b [U Mbb] 006 ARDj njet >=3
g ot 50<Mbb<95GeV
O 45%:&? S T R ¥R R LR RS R D;{?;:J‘}

§ 1:—' Use 4 weights (as beforé):black : | % .

n +Mbj:bsj;<:electedto.bu'|ldth.ebest.Hcandidate:red I! : © ReSUIt: Important ImprO\{ement
o= onvemeen e 1 ¢ Green: With Extra Variables
el s | | /I3 ¢ Black: W/O Extra Variables

oo~ ZH Effvs ZBD Eff 7/ 4 e Extra variables included in final

F | E MLP discriminator (in addition to
- , ] ME weights)
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Eﬁ Signal efficiency

Evaluation of ME Welights: FSR treatment

improvement | ~ Final State Radiation : Zhjrsn
e For the future: Evaluation of ME Weights .

with 1 extra FSR jet
¢ As expected: Similar performance that
Introducing extra variables — Brieuc

Francois Master Thesis

¢ Advantages |

* More consistent approach
e [t can result in a reduction of number of input variables

¢ Disadvantage: longer CPU time to compute ME weights —
Around factor 6

-
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Evaluation of ME Weights: Overconstrained

Processes — E-P conservation _
° ZH, ZZ Production: Overconstrained system /| /
due to 2 intermediate resonances [\ . KT
g et / ,; \

o i Scan TF b-jet1- Fix \.:alue TF Ieptdn
+ E-P constraints

o Phase spac}e covered by the 2 lepton + 2

jet TF is not probed
e Kinematic of one particle is probed (integration
over 1 TF)

Relaxing constraints

e E-P conservation fixes the kinematics of the f /
other particles (TF evaluated but no integration is / \ + / \
performed) / \\ / \\
e Solution: Relax E-P conservation in the / \ / \
transverse plane Scan TF b-jet1 Scan TF lepton
¢ Both weights (relaxing or not E-P) conservation  |arger phase space probed allowing
for ZH and ZZ considered in the analysis to maximize the weights fro double
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Evaluation of ME Welights: Overconstrained

System ZH — Narrow width approximation

e Feature in ZH weight enforcing E-P conservation
¢ Double peak structure in ee (but not in yu channel)
¢ Reason - Tail of electron TF drops faster than muon one

e Solution: Enlarge [ =5. 10° - 2.5 GeV T — Higgs Width
—— 0.005

¢ Double peak structure disappears - | -

¢ e and mu weights become similar —2.5

o Numerical relative uncertainty on the weights decrease ®°
¢ Discriminative power not dramatically aﬁected

400

008  Higgs Width

0_1,:-'““ B Higgs Wldth _ : = :
L I ::: e 008 i 200 |
um; —2 5 __— ee 0_05? —2.5 l b IJ IJ E' _‘——\_‘_‘\ | 1
. _ H 1 M‘; ,.u 0’ w Errf.l\.'?f;ight
" 4 8 ' —— Higgs width = 0.005 GeV -
0.02- ' = ' o I 5 0.9 v
| _ I;_ ) 'M‘é - 0.33—'— nggs mdth 2.5 GeV
L TR T 49[9 R TR T T R oo 'LP"L" ‘ 0.7;—._
ZH weight ZH Werght 06
e Shows interplay between TF and ME theoretical os-
constrains o
0.25— ;
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Evaluation of ME Welghts: Overconstrained
Systems — Further improvments

e For the future: Further explore interplay between theoretical constrains
and TF
¢ Goal: Usage of a single ME weight containing all theoretical
constraints (E-P conservation, nominal I' ,) improving TF description

o For the moment: add angular TF on jet directions while imposing E-P
conservation (and nominal I' ): Simple gausian parametrization

e Preliminary results:

nnnnnnnn htemp__| o Double peak structure in ee channel
disappear but worse discrimination
power of ZH weights

¢ Further investigation ongoing
e Use proper parametrization of angular TF

- An(rec, gen jej)

500 —

400[—

300|—
200 —

100 —

I-Ollsl | I-0I2 I-0.1I L 1 L 3 L L L I[).1 0I2 ol IOI:3 L II
black —» MC truth et it
red - gaussian TF
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Evaluation of ME Welights: Data/MC Validation

o Set of 7 ME weights evaluated as described in previous slides
well modeled

. : Process Hypothesis ISR correction E-P conservation
0 - =
USIng Data Driven bkg Higgs g - ZH — 171+ bb without MeT conserved
normalization (neXt S||d9) Higgs qq — ZH — 171+ bb without MeT ~ Not conserved
0 |mp0rtant Signal discrimination tt pp—> tt — 171+ v bb with MeT conserved
7.bb gg — 71+ bb without MeT conserved
power ) i Zbb qq — 1~ I+ bb without MeT conserved
° Malnly from ZH WelghtS ZZ qq — ZZ — 171+ bb without MeT conserved
o Additional Separa'[ion from 77 qq — ZZ — 171+ bb without MeT Not conserved
other weights
gﬂmi- CMS Preliminary V8 = 7 TeV, L= 505 " Ziup) . ;‘mu;CMSleininury Ve =7TeV,L=505m "' Zipp) &
E iI =EEE E.m :E;:l; % £ S Preiminary 1§=r1'ev,|_=s.osn_:"_'mm Zluu)
mi- - lz['m 1680 - IZT"H} 3 | Fast

it
-

.z -z -

— 100 * ZH (125 GeV) 100" ZH (125 Gav) -

— 100 2H (126 Gav)

12 13 14 15 16

1 42 13 14 15 16 17 18 19 20 21 -Log Wazz No(E-P}

-Log WhHiggs No{E-F)

E'2122232-1252(1:21'2;32&!,’:@!:13‘1
-Log WHiggs

:i E__CMS Preliminary V& = 7 TeV, L= 5.05 ft” Zijpp) %:m CMS Praliminary & =7 TeV, L=505 " Z(pp) g CMS Preliminary Vs =7TeV,L=5.05fb -1
3 F 4= Dl E == Dt o 3s0r =?f:
250 8- 3 + =i '~ o
[ % b 300 ) ——
: -ﬁ— u J _ E%a-znmu;w; Data
r !%‘ZH[IESGG‘H 250? - Z+XX
. 200 Z+bx
150 B Z+bb
100~ tf
of i z7
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Data-Driven Background Normalization

e Normalization of main backgrounds tt, Zbb (njet=2), Zb+extra jet, Zxx based on 2-D fit
to data in Control Region (inversion of Mbb cut)
o Variable to separate mistags from backgrounds with real bjets: b-tag discriminator
o Variable to separate Zbb from tt: MLP using Zbb (gg, gq) and tt weights
e Simultaneous fit 2 lepton x 2 jet categories

pos-fit variables for pyy 2-jet channel

ﬂzu Y L B = of g r ¢ Im -s= ) - % | . = =
% _CMEF’I’EI:_I:E:IE Is=7TeV.L -E.Uﬁfh = :CF-EPBl inary 15 =7 TeV, L=5.05fby ® Usage Of be VS tt dlscrlmlnator
Eu - B Zexx Z{up), Hjets = 2 g L .Efﬂ Z{up), tjets = 2 ; . . . .
g = zeox 7F maw instead of simpler discriminator such
o [ mi m as Mll results in 25% improvement in
i —100 = ZH (125 GeV) ok — 100 * ZH (125 GeV)

accuracy in normalization factor
o Tested on similar context

+

=
-

1]
=
T T

10

.
=3
| T 7

(.5
=
T T 7

Dﬂz 03 04 05 0B 07 0B 08 1 0 01 02 D3 04 05 06 07 08 0B 1
CSV bjat1 x CSV b-jat2 MLP DY vs T

b-tag discr. Zbb vs tt discr
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Final discriminator for ZH search

@ |n order to deal with limited statistics better, 3 intermediate MLP's are trained
o ZH vs Zbb, ZH vs tt, ZH vs ZZ
¢ Using involved ME weights (+ extra FSR variables)

e Final MLP trained
o Using as inputs previous 3 MLP's and a combined sample of all backgrounds

= 80 T 80p
2 ECMSPreliminary Ys=7TeV,L=505f "  Zi) Heis 2 .8- FCMS Preliminary Vs=7TeV,L=499f
S & 1 —— Data 2 JoF - —— Data
..F ““ ZJet - 'g T2 -
s F - Zeob E [P
E i = t
| L} L
EO_T —ﬁu-zuqmsv;wy — 100" ZH (125 GeV)
505

e Final discriminator very
==+ sensitive to ZH and well
e modeled in low score

04 06

0.8 1
MLP Higgs vs Background

Eﬂm‘_cus Preliminary ys=7TeV,L=505M :gz:( ,8_' 80| CMS Preliminary Vs=7TeV,L=499 " ;gfﬁ bi nS
- o
E C Z(u), Hets >2 >—3et _%ﬁ Z 70r Zlee). #ets > 2 ) -5:3‘;
8 pol =oJel i, 3 ee >=3|1ef m!
[ — 60" 2 (125 Gew) %o+ 24 (125 Gev)

0.6 08 1 0.6 0.8 1
miphiggsvsbikg_125_comb_PZjets ML MLP Higgs vs Background
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Systematics

e Extensive list of sources of systematic errors considered
¢ Main systematics due to statistical uncertainty in background

¢ Statistical fluctuation on background shapes due to limited MC

e Systematics affecting shape of ME-based final discriminator such

normalization fit — limiting factor available data

samples

as JES or b-tagging uncertainties

© JES — estimated evaluating ME-weights for £10 variation

¢ small impact in result ~1%
Difference between nominal discriminator and discriminator for lus and Minus JES shifts

(zH

sample)

[ 2-jet,

ee channel |

0.3F

025f
mzf
onsf
onf
onsf

I N IR
0-1 08 -06 -04 -

=== Nominal - Plus

02 0 02 04 06 038 1
Final Discriminator difference

[2-jet,

ee channel |

0.35

0.3

0.25

0.2

0.15

0.1

0.05

o b ]
-1 <08 -06 -04 -02

=== Nominal - Minus

i
0

02 04 06 08 1
Final Discriminator difference
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Results
e Limits set on ZH production x BR (H — bb)

16— cMS 17 TeV, L=5.0 fo-1 CLs Expected = 2g 1. _ _
14 Z{I)H(bb) combined [0 Cls Expected= 10 Z(H)be ‘\/’g — 7 TeV -Mmyg = 125 GBV
~a=: CLSE ted :
beor Blind Expected Observed

= (CLs Observed

-
[\

.lIII|III|III|lII|III|III|III|III|

Z()H(bb ) | 4.8732  5.2%%¢ 5.7

-
o

o(ZI+H[bb]), _,  /o(Z[N]+H[bb])_ . I=e.u

(=T L B -]

115 120 125 130 135
m,, (GeV/c?)

Exclusion at 95% C.L. of 5.7 times the Z(ll)H(bb) process using only 7 TeV
data

e Sensitivity comparable to the one of BDT analysis
o More improvements will be pursued in order to assess wether the
MEM is the most optimal analysis technique for this kind of searches
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Summary

e Presented ZH — llbb search based on MadWeight ME method

e Treatment of ISR by using transerve boost correction

e Treatment of FSR can be improved by events with extra jet evaluating
weights at higher QCD

o Interplay between angular TF, E-P requirement (and I ,) for

overconstrained hypothesis
e Validated different Matrix-Element weights using data
e Full treatment of systematics

¢ ME-based discriminator not too affected by JES, b-tag
o Results competitive wrt advance BDT based analysis
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Plans

e Analysis Improvements
o Exploit better S/B for higher pT(2)
o Usage of regression techniques to improve Mbb
e Inclusion of regressed Mbb in MLP doesn't improve result

 TF will be derived on regressed jet energies
o ...

e [mprovements in ME method
o Use Tabulated TF's
o Estimation of ME weights for higher order QCD (treatment of FSR)
o Optimize evaluation of ME welights for overconstrained hypotheses
by optimizing angular TF. Also related to E-P conservation (and I' )

¢ Usage of LR using event probabillities instead of ME weights

o Calculate ME welights for Z+xx hypothesis
o ...

10th January 2014 Jesus Vizan 23



10th January 2014

Backup

Jesus Vizan

24



RQS

CMS and Tevatron VH->bb

CMS: local significance of 2.1 standard deviations (for 125 GeV)
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Tevatron: maximum local
significance of 3.3 standard

deviations
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ATLAS VH

- bb

CMS: local significance of 2.1 standard deviations (for 125 GeV)

10th January 2014

%14_I T T 1T III.I |.IIII|IIII|IIII|IIII|III\|IIII I_
o . ATLAS Preliminary ]
© 125 VH(bb) Vs=8TeV JLdt=20.3 o’ —
g  —— Observed (CLs) - 4 ]
'-E 10__ _____ Expected (CLs) Vs=7 TeV JLdt: 47 tb —
= [ B+t ’
~ 8 [J:20 g
(&) L _
2 6 -
S o _
® ]
ar 7
2F -
0:I|IIII|IIII|IIII|IIII|IIII|IIII|III\|IIII|I:
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ATLAS: expected upper limit for mH
=125 GeV: 1.3

= 0.2 £ 0.5(stat.) + 0.4(syst.).

Jesus Vizan

26



8TeV WH ZH H — bb

My | o(pb)  +(%) |o(pb) £(%) |[BH-—-sbb)  £(%)
110 | 1.0600 +3.9, —4.4 | 0.5869 +5.4, —5.4 0.745 +2.1, —2.2
115 | 09165 +4.0, —4.5 05117 +5.6, —5.5 0.704 +2.4, —2.5
120 | 0.7966 +3.5, —4.0 | 0.4483 5.0, —4.9 0.648 +2.8, —2.8
125 | 06966 +3.7, —4.1 | 0.3943 5.1, —5.0 0.577 +3.2, -3.2
130 | 0.6095 +3.7, —4.1 03473 +45.4, —5.3 0.493 +3.7, —3.8
135 | 05351 +3.5,—4.1 03074 +5.4, —5.2 0.403 +4.2, —4.3
140 | 04713 +3.6,—4.2 02728 +5.6, —5.4 0.315 +3.4, —34
145 | 04164 +3.9,-45 02424 +6.0, —5.8 0.232 +3.7, —3.7
150 | 0.3681 +3.4,—4.0 02159 457, —5.4 0.157 +4.0, —4.0
Variable

Frij k transvere momentom of =ach Higgs daughier
m | dijet invarant mass
Frliil: dijet transrerse momeniam
Pr(V ) vector boson transrerse momentum (ar EF*)
C5V e - valve of OS5 for the Higgs danghier with largest OS5V value
C5V g valoe of SV for the Higgs daughter with sscond largest OS5V value
Ag(V, Hi arimuthal angle between ¥V (or E7™) and diget

Arp(fi}|: differenoe in g betwesn Higgs daughters
ARk distance in g—¢ between Higgs danghters
J".l_,:l: number of additional jets

ABpgy: color pull angle [34]
Ag(ET™, pt): azimuthal angle between F";-”“ and the closest jet (ondy fior Zive |H)

maxC SV maximum CSV of the additional jets in an event {onby for Z{ve)H and WY fv }H)

mind K(H, aj}: mimimum distance between an additional et and the Higgs candidate (only for Z{wvw }H and W (& JH)
Anpualar variables HV system mass, Angle Z-7*, Angle 7-1, Angle H-jet (ondy for 280 H)
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Detalled Event Selection

e Basic event selection (as inclusive as possible)
o 2 leptons pT>20 GeV, |n| <2.4, 76 < Mll < 106 GeV
o At least 2 jets with PT>20 GeV, |n| <2.4
e Categorization: njet=2 and njet >= 3
o 2 b-tagged jets (1 “Medium” + 1 “Loose” tags)
o small MET: MET significance < 10

) ) —e— Data
o Extra kinematical cuts B Z4xx

®

Plot for 8 TeV data
(more important PU)

o Z+b
» P_jet1>40, P_jet2>25, P_Z > 20 GeV 2L =z
o/}
» PU suppression Em W 280 * 2H (125 GeV)
0 mbb 11 2000 _E
80<Mbb<150 GeV (if njet=2) 1500 brown=PU -
50<Mbb<150 GeV (if njet>2) 1000 e
 Inversion of this cut to define “Control Region” 500 -
e Main backgrounds after event selection % 50 mﬂ154:20025{130&35{13%0[4653&%:{
¢ tt (sizeable), ZZ (irreducible but small) S -

o Main Z+jets: Zbb, Zbx, Zxx. Notation: b (x) — if gen level b-
parton is (not) found within AR < 0.3 of reco jet
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UCL

Effect of transfer function on the M.E. Weight

Variation of the jet (electron) energy transfer function of
o S et
e nmsi_ Same eventS w : ——
o conf Weights estimated with: " E
g gl nominal TF: W 80| .
modified TF: W _

. 1 —Logio(W*) P 7

gnz_ 0_' | L l.... | L T

0.01::—----- Ll 0.996 0.998 1.002 1.004 1.006

L5

Sample tt aqToZ(ee)bb ggToZ(ee)bb
Jet energy TF variations

The -Log10 of the t RMS 8810 %+210% 5210 %+1210° 5810 *4+1310°
weight is stable with ~ peak 1.00 0.99 1.00
transfer function Z(ee)pb RMS 115310 %x310*% 5110 °%x1510"° 6410 *“x1810°
variations (that peak 1.004 0.99 0.99
Cco rrespond to Electron energy TF variations

. T ASC 4 5 3 4 3 4
energy resolution t RMS 7610 %=+210 6.8 10°%+1 10 7.310°%+£210
fuctuation) peak 1.001 1.003 1.004

' Z(ee)bb RMS 1.310-3+110-4 64109 %5107 67103 +£2 104
peak 1.00 0.99 0.99
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| Search for associated Z and Higgs Boson Production at LHC Using he Matrix Element Method

UCL

Effect of transfer function fluctuation on weights

Varying the jet transfer function.

n.wé A LT TR 7 000:':;_ But .
o 2 * width of the first gaussian
0.04; P2 -> 2 X P2

0.015

E ; i J H E
960150 160 50 [ 50 100 150 200 0 150 200

30 < Ejat < 100 100 < Ejet < 180

AE AE E F

0.08f 0.045F

/80 < Ejet < 300 F 0.04F

0.07f 04 F

(AN AR N AR R L N B 0.05 L LT F o 0355

008 : oo ] 0.06 F W

s E : : : : : F 0.03F

0.05[ 0.04 PRSI SR 1 | | | PSS 0.05 | E

E - E 0.025F

o ] 0.04F E

0041 ] [P R N S ST I O N g a.02f

- . 8 : : : Al 0.03F E

0.03 oo P MR s - E 0.015 F

: 1 0.0z} .02 0.01f

o - : R e oot 0.005 |

g 0.01f LA . Eoo T N R 3

0.01F C : ] S S=Er=5t 7 At
L ] LAV, ' Ry i LLLJI‘.

900 150 -100 50 ® 50 100 150 Az:o %60 -150 -i00 50 50 100 150 AZEDO __1 B0 <Ejsi<300 _.n.: Ejet < 500
FTTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT] a.ﬂs n EEL L R S AL B RS AN LS RS

0.07f

Still using :

0.05

1 _ (Bpart—E;j)—F1]? _ [(Bpare—F;)—P4)? : 004

— 2.pP2 2.P2 . F

W(Eijpart) = . € 2 —+ Pg.e 5 . 0.03[

\/§(P2 + P3.P5) :

o.02f

0.01f

366
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UCL

Effect of transfer function fluctuation on weights

DY events with qgqToZbb DY events with ggToZbb
hypOtheSiS l . . ratio

L | ratio T T T [ T 1T T [ T T T [ T T T [ T T T|Enties 600
; : Entries 600 ; ;

| =

0 !

c ; ; i Mean 0.9999
SO SOV S - U5 S I Mean 0.9997

= i é : RMS  0.0006406

T : ' - RMS  0.0005167 5 5

lem | el | (- |

1.002 1.004 1.006 0.994 0.996 0.998 1 1.002 1.004 1.006
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| Search for associated Z and Higgs Boson Production at LHC Using he Matrix Element Method

o7

1/10/14

TF jets robust against Pile-Up

* It appears that the jets energy transfer function are not

depending of the Pile-Up

* The use of the Fast]et correction provide an non dependency to

the Pile-Up condition.

| — dala_E1_pul_7_atalnf16
p— dafa_E1_pu?_15_setalnfié
1 -| datla_E1 pu_supls_slainf16

B0 40 20 ] 20 a0 60 80

dalta B) pisd T atalele
daita_EJ_pud 168 _sialnf8
daita_ B3 pu_supid slalniid

100

Arnaud

I [ [ — deia_E2 pul_T_eislnf16
r -
0,05 -
| —— delta_E2_puT_15_etabnfif
'i'. deita_E2_pu_supls_siainiié
0.04 f -
- ]
M
0.03 | .
0.02 1L ."I
0.04 I &%
n o el
. A ol
ni—-""-‘-'-h?u RN H TR R S TP SR S R E-- S SR
B0 -l -ID 20 o &0 il B0 BO 100
0.23 1 l
| ilala E mal wlalif1 4
0.2
s ~ et 7
018 iala g b1l |
018
014
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