Data-driven background
estimate in the CMS
ttH multi-lepton analysis
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Final states oM HIG-17-018

arXiv:1803.05485

b
Ve  Targeting WW*, ZZ*, =z Higgs decays

t W+ )+ * Analysis categories:
g Uy e 1lepton +2 7,
A W+ n
6- H é e 2 same-sign leptons + 0,1 7,
B W~ | e 3leptons + 0,1 3,
g q
. W q e 4 |eptons
. e Jet multiplicity and b-tagging requirements
b

* Irreducible backgrounds (mainly ttV and di-boson), estimated from simulation
* Non-prompt lepton contribution from tt events, predicted from data

Data-driven background estimate in the CMS ttH multi-lepton analysis
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Event Categ()ries
arXiv:1803.05485
Selection 2/ss 20ss + 11, Selection 14+ 27, 44
_ t — blv, t — bqq, t — blv,t — bqq, - t — blv,t — bqq, t — blv, t — by,
Targetted ttH decay H — WW — fvqq H— 17 = {1, +V's Targetted ttH decays H— 17— 1,1+ Vs H— WW — (vl
Trigger Siné;le- and double-lepton triggers . - _t>;>zbf_1/>, ;E:q]iﬁvéévv
Lept: > 25 /15GeV >25/15 10 GeV
The};Ton P PT _/ ¢ PT I/9T >(;)O(geV Vi) Trigger Single=lepton Single-, double-
Charge requirements 2 same-sign leptons 2 same-sign leptons and lepton+1; triggers and triple-lepton triggers
and charge quality requirements and charge quality requirements Lepton pr pt > 25 (e) or 20GeV (u) pr >25/15/15/10GeV
Y. qg==1 Th PT pr > 30 / 20GeV —
b : = 0and ==+1 =
Jet multiplicity >4 jets >3 jets Charge requirements %q an g%l 1 %q 0
b tagging requirements >1 tight b-tagged jet or >2 loose b-tagged jets Jet multiplicity >3 jets >2jets
Missing transverse Lp > 30GeV Lp > 30 GeV * b tagging requirements >1 tight b-tagged jet or >2 loose b-tagged jets

momentum
Dilepton mass

myy > 12GeV and |mee — mz| > 10GeV *

Selection 3/ 30+ 11,
- t — blv,t — blv, t — blv, t — bly,

Targetted ttH decays H — WW — fuqq H = 17 — (1, + /s

t — blv,t = bqq,

H— WW — vl

t — blv,t — bqq,

H — ZZ — flqqor tlvv
Trigger Single-, double- and triple-lepton triggers
Lepton pr pr > 25/15/15GeV pr > 20 /10 /10GeV
Th PT — pr > 20GeV
Charge requirements Lq==+1 Lq=0
/ f,Th

Jet multiplicity
b tagging requirements

Missing transverse
momentum

Dilepton mass

>2jets
>1 tight b-tagged jet or >2 loose b-tagged jets

No requirement if N; > 4
Lp > 45GeV T
Lp > 30 GeV otherwise

myy > 12GeV and |myy — mz| > 10GeV *

Missing transverse
momentum

Dilepton mass

Four-lepton mass

— No requirement if N; > 4
Lp > 45GeV T
Lp > 30 GeV otherwise

myp > 12GeV
and |mgy — mz| > 10GeV ¥
— My > 140GeV S

myp > 12GeV

* Applied only if both leptons are electrons.
T If the event contains a SFOS lepton pair and N; < 3.
1 Applied to all SFOS lepton pairs.

" If the event contains a SFOS lepton pair and N < 3.
t Applied to all SFOS lepton pairs.
§ Applied only if the event contains 2 SFOS lepton pairs.

* Large set of kinematic requirements
define the categories used in the fit

e Estimation of non-prompt lepton
background performed with the
same strategy everywhere

Data-driven background estimate in the CMS ttH multi-lepton analysis



m Higgs Toppings 2018

Marco Peruzzi (CERN) 4

Event yields

CMS HIG-17-018

CMS 35.9 fb' (13 TeV) CMS 35.9fb™ (13 TeV) GI"XiV2 l 80 3 ° O 54 8 5
i = e Observed [ Rare +tH € = e Observed [ Rare +tH
GCJ 40F EEtH (u=1.23) [] Conversions GCJ 80— MMttH (u=1.23) [ Conversions
LI>J 355— Egvniww II\:/:::IS feptons LI>J 705— Egvnfww “F/::E'f feptons . .
§ Wz + 2727 Uncertainty § Wz + 272z Uncertainty YIeIdS In:
30 2lss 60 2lss
25 ee 501 eu .
200 + _+ e 2 same-sign leptons + 0 7,
156 =
10 —-* ® 3 |ept0nS + 0 Th
= r———
;%S 0.5%— 3%8 0.5F
1 I S - + R bbbt . L .
s, Y " Relative contribution varies as a
2 4+ 6 8 2 e 8 function of b-tag requirements and
Discriminant Discriminant . . .
CMs 35.9 fb' (13 TeV) CMs 35.9 fb' (13 TeV) event k|nemat|CS eXp|OIted by
2 serve are + ..9 - serve are + . . . . .
€ 45 i 1 23) S Vi é_';tons S e . 1 29) ggqverg;ms multivariate discriminants
o 40 EE&V fWW Hncertainty 0 = Eﬁﬁv fWW = il
35 =wz:zz zl'kff 60;_ =wz:zz Unc;rtamty
505
3 Small contribution from electrons
from photon conversions
e estimated from simulation
3§_§ 0.5F 3§_§ 0.5F
%§°:++++++*+3‘§i°;+*+*+
%Lu_os_ | | | L L | %m_os__ | PRI | PRTERTT I RS SRS RN
° 2 4 6 8 ° 1 > 3 4 5
Discriminant Discriminant
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Event yields cvs 1e-17-on8

CMS 35.9 fb™ (13 TeV) CMS 35.9 fb™ (13 TeV) arXiv:1803.05485
..‘L) e Observed [tz -.9 9 ¢ Observed [ JRare +tH
S 10°L EIfH (i=1.29) B W + EWW 5 I tiH (ji=1.23) ] Conversions
Lﬁ X Misid. leptons EWZ+2Z Lﬁ 8 otz X Misid. leptons
5 ) [ Rare +tH B W + tww [ Flips : Ty e
Uncertainty 7 Wz +27272 Uncertainty ® Ylelds In-
6 2lss+tr,
no-missing-jet
° e 1lepton + 2 1,
3
2 e 2/3leptons + 1 7,
; ! -
Eéé 0.55— 3§_§ o.sé— *
R - . . 818 ofy .
L S | ’ « Large yield of non-prompt zn from
8 S S TR R 8 E | L L . | -
° -1 -0.5 0 0.5 1 ° 0 0.2 0.4 0.6 0.8 1 h d . . _t . 1 I _t _t
Discriminant Discriminant aaronic Je S In ep on Ca egory
CMS 35.9fb™ (13 TeV) CMS 35.9fb™ (13 TeV)
..(Q - ¢ Observed [ ]Rare +tH ..9 - e Observed mwz+2zz
GC) - EEtH ((=1.23) [] Conversions GC) T EEtH (=1.23) [JRare +tH
Lﬁ 25— [ ttz Misid. leptons Lﬁ 10— [tz Misid. leptons
- W+ HTWW [ ]Flips C W + ttWW Uncertainty . .
o EWZ422 Uncerainy o et * Categories with more leptons are
C 2Iss+try C
- missing-jet - . -
15__} o very pure: non-prompt background
0 £ | IS sub-dominant there
2__
]
Els 0-5% | :%E 05E |
é’.% oE ° ® | | 2= OE
wig E o 3 =
sl 05 ‘ + + olf 058 l °
E. . 1 | T T © =TI EETT ST R S R
° 0 0.2 0.4 0.6 0.8 1 ° 1 2 3 4 5

Discriminant Discriminant
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Background prediction

e Based on a “fake factor” method:

* relax the lepton selection to a looser definition
which does not include the requirement on the “lepton MVA”

* weight events that have at least one lepton failing the tight selection
to obtain the data-driven background prediction in the signal region

* input needed: probability for a non-prompt lepton to pass the tight cut

e Light lepton fake rate measured in a QCD-enriched control region:

e as a function of corrected lepton pr and n
* use transverse mass to reduce contamination from EWK processes

e Closure of the method:
* how universal is the fake rate for different sources of non-prompt leptons?

* selection tuned to control potential flavour dependence of the fake rate

Data-driven background estimate in the CMS ttH multi-lepton analysis



‘@ Higgs Toppings 2018 Marco Peruzzi (CERN) 7 CMS\
L A
! My
v 1)

Systematic uncertainties ..o

arXiv:1803.05485
CMS 35.9 fb™' (13 TeV)

Source Uncertainty [%]  Ap/p [%] Combined | u=1.23 :;):: [ 020(stat.) f(;):g(syst.)}
e, u selection efficiency 24 11 i ' |
Ty, selection efficiency 5 4.5 W+2g, L .
b tagging efficiency 2-15 [57] 6 w=152

2Iss I
Reducible background estimate 1040 11 w=1610%
Jet energy calibration 2-15 [65] 5 2|i50+9::'lo.so -
T, energy calibration 3 1 :I_ Coeer |
Theoretical sources ~10 12 n=0827"" I
Integrated luminosity 2.5 5 ?:112‘4 naz [

107
al I
_ +2.29 |
e T T T

Best fit u(ttH)
e Uncertainties on the fake background have an impact of about 11%

on the fitted signal strength:
* similar impact to efficiency measurements and theoretical sources
* Both uncertainties in the measurement of the fake rate and in the closure
of the method in different categories are taken into account

Data-driven background estimate in the CMS ttH multi-lepton analysis



