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Higgs boson measurements in fermionic final states
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H— 77 Introduction

VH analysis

Final states based on the vector boson decay mode
e llepton (W = ev,W - wv)
 2leptons (Z — ee, ZZ — uu)

and three final states of H — 17: ety, UTH, THLTH

W (#v)Z(zt) for WH
ZZ — 4{ for ZH

Dominant background:

2D distributions with m,; and p of vector boson
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qqH, ggH analysis

Final states: eu, ety uty,, TLTh

Neural network multi classification with 15 signal classes
and 5 background processes

Dominant backgrounds: Z+jets, W+jets, tt, QCD multijet

I ggH 1 jet, p7[60,120] GeV 138 b7 (13 TeV)
FE T ' T [ ' T T T T T T T T T T [ T T T 3
g 10 CMS [ pg Cldet— < E
9 107 z_ " [ ] Others ——agH () _z
Zm E —— ggH (others) —— qqgH 5
10° 2* Bkg. unc. —— Observed é
Output of NN in bin
o 12 T )
& | "t Ovsened Bkg.unc.  —ggH () with ggH 1 Jet and
-~ —— ggH (others) —qqH H [ ]
s  pr160,120| GeV
g e (.
§ ! ¥ [ e R R gn ob 4 Rnm—
| | | | ) | ‘
0 0.2 0.4 0.6 0.8 1




H— 77 Inclusive results

Events / GeV

Inclusive signal strength: pj,q = 0. 82

compatible with SM expectation within 20
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H— 71 Coupling results
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138 fb' (13 TeV)
| T T T ‘ T T

T — T
: CMS 68% CL CB-analysis i

14—  mmmmee 95% CL CB-analysis
) 68% CL NN-analysis
------- 95% CL NN-analysis

. L ¢ SM expected Z
Ky close to one, kr 15% lower than SM expection 1ol i

Higgs coupling to fermions (kg) and vector bosons (k) "
AV

H — WW treated as signal

2D fit result is consistent with signal strengths shown in :
the previous slide

0.8

0.6 .

[Eur. Phys. J. C 83 (2023) 562]
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VBF (H— bb) Introduction
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VBF production of Higgs boson followed by H — bb decay
produces 4 jet final state

« Two jets in central region of detector (from H — bb)
 Two jetsin forward and backward directions relative to
beam line with large rapidity separation (VBF jets)

Previous measurement from CMS with Run 1 data at /s =8 TeV:
H
uddH = o gris

[Phys. Rev. D 92 (2015) 032008]
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VBF (H— bb) Analysis strategy

[arXiv:2308.01253]
I L] 1 T 1 I

Dominant background: QCD multijet and Z+Jets
 QCD multijet: Estimated by fit to data in the side bands
of the my5 distibution
e Z+Jets: Estimated from simulation

90.8 fb™' (13 TeV)

¢ Data
— QCD(+unc.)
—— QCD+Z+Higgs
—— Z—bb

Boosted decision tree used to separate signal from background

18 categories defined based on the BDT scores:
5 peryear for VBF
e 2 per year for ggH
e 2 peryear for Z+lets L

Data-QCD  S/(S+B) weighted events / 5 GeV

100 150 200

Signal is extracted from the myy distribution


http://arxiv.org/abs/2308.01253

CMS

Universitat
Zirich™

VBF (H— bb) Results

90.8 fb™' (13 TeV)

VBF signal strength (ggH constrained to SM pred.): cMs | M =ik Esys}:)EB .
A serve —_— TG (SYS sla
ug‘ll)lg = 1.01%03%(syst) + 0.36(stat) | ’
utl’gg i e 0.99 777 (syst) + 0.33 (stat)
Observed significance of 2.40 (exp. 2.70) :
qaH 5 w040
quE_ —q—— 1.01,,7 (syst) + 0.36 (stat)
Inclusive signal strength (qqH+ggH): ,
incl. _ +0.33 |
Myt = 0.99Zp21(syst) £ 0.33(stat) MZbE_ e 0.96 + 0.22 (syst) + 0.22 (stat)

Observed significance of 2.60 (exp. 2.90)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.5 1 1.5 2 2.5 3 3.5 4

Best fit o/Gy,,

Uzpi is left unconstrained for the fits

Systematic uncertainties:

* Theoretical uncertainties in signal process modelling

* Main experimental uncertainties are jet energy scale,
b-tagging and trigger efficiency

[arXiv:2308.01253]
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Three channels: 1-lepton

59.8 b (13 TeV)

e 0l Z
0 lepton (Z = vv) ¢ oms P —
uc_j 10 Preliminary Emizdsg E;‘i’b"-
e 1lepton (W — lv) R e
10 250""(\”‘40“ GeV it B VV+LF

I Single top [l ZHbD
Il WHbb *%> S+B uncertainty

* 2leptons (Z — uu/ee)

L Signal is extracted
using neural network

Rl
~I
Obs / Exp
=5

| Il 1
0.2 0.4 0.6 0.8 1

Dominant background: tt, V+light jets, V+b jets 0-lepton 2depton

59.8 fo' (13 TeV)

* Normalization of background contributions are constrained in ;v o o oms T
. . . . . g 10° Preliminary m v EmSasg @ qo° | Preliminary [Cz+e I z+uesg
fit to data in control regions enriched with background events it mi O s W W
, 10?
10 10
1 1
Two Higgs decay topologies are analyzed: Resolved and boosted
g 1* o s
L I A I— iyl
" 0z oaoe O'E?NNSC(I,,; ° 0% "2 04 08 08 1

DNN score

[CMS-PAS-HIG-20-001]
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VH (H— bb) Results
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Most important systematic uncertainties:

Inclusive signal strength:
& & e Signal and background theory modelling

p=0.587013

- ° B-tagging
observed significance of 3.30 (exp. 5.20)
138 b (13 TeV .
NS 15 1eV) STXS signal strengths
e Observed
= 138 fb™' (13 TeV - Run 2)
Preliminary — 1o (stat @ syst) v obeerved
— (S St) CMS +1o (stat @ syst)
oy Preliminary f— i (eysY)
: ZH, pY>400 GeV —.— 1.33 + 059 + 0.34
2-lepton - 0.07 +0.18 + 0.13 . 5
: ZH, 250< p< 400 GeV —e- 0.91+0.37+0.26
! ZH, 150< p’< 250 GeV, 21J ——— 0.18 + 0.84 + 0.69
1-lepton - - 0.99+0.23+0.22 '
: ZH, 150< pY< 250 GeV,=0J |  —mmmm -0.80 £0.34 £ 0.27
. v !
0-lepton ek 0.81+0.23 + 0.21 L Toep=10GeV | e -0.75+0.50 £ 0.50
' WH, p>400 GeV | e—— 2.00 +0.65 + 0.52
VH (incl.) —e- 058+0.15+0.12 WH, 250< p!'< 400 GeV - - 1.95+ 0.44 + 0.33
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Targeting ttH and tH with H — bb in three final states:
* Fully hadronic (FH): O leptons — New final state analyzed
* Single lepton (SL): 1 lepton Associated
* Dilepton (DL): 2 leptons H

production of ttH

Signature of signal events:
High-pr b jets and depending on channel jets, isolated
electrons , muons or missing transverse momentum

Dominant background: b
* QCD multijet (FH channel) _ . _ o
. tf+jets Associated production of tH, either with Higgs

boson coupling to top quark or W boson



ttH/tH (H—bb) tt+jets background estimation Universitit |CMS
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Three sources:

tt + B: = 1 additional b jet

tt + C: > 1 additional c jet, no b jet
tt + LF: All other tt events

Normalization of ttB and ttC constrained by fit to data
 MC simulation for ttB (Powheg ttbb NLO 4FS)

* Additional b jets from matrix element _ows primnay 13817 (13 TeY)

= LG els T dbtags CMS Preliminary 138 fb™ (13 TeV)
. T =6 jets, = -tags ® data (g £ b|'_ i2|4‘je‘t5‘:, ‘gls‘bl_tég‘s)‘ I ‘..d.‘ U
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= Wt Oav B 4 ot D
2 signal Ov-+iets P @ty (]
] c O V+ets signal
b b & W sm) Cirg (sw) 2 Otasv W sm)
b b
t t
¢ t 107"
107
15 ' ' E 15F E
. . Q E E mg F + 3
8= » . PN +.. . el o teyegentte +
 MC simulation for ttC and ttLF (Powheg tt R R T 7
s F E 05k =
LO 5 FS °°E, - . - . , . s s S 0 00 200 300 300 500 600
N 50 100 150 200 250 300 350 400 450 500

pT(bbmm _\.R) (GEV)

p.(H) (GeV)

[CMS-PAS-HIG-19-011]
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e
Artificial neural network used to separate signal from
background, binary (0€) or multi-classification (14, 2¢) STXS measurement
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ttH (H—bb) Inclusive result
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ttH signal strength:
o= 0.337020 = 0.33+017(gtat)F020 (syst
Hein 0.26 016 021(Syst) tH contribution assumed to confrom to SM

Observed signal significance 1.30 (exp. 4.10) expectation and treated as background

L _ ] CMS Preliminary 50.7 b (13 TeV)
2] T T T T v T T T T T T T T T T T T T T T T T T
Compatibility of ttH signal strength to SM 2 o Fem oL yooo mis  mic mir m oL Postfit
. . 3 tiv V+ets  Witly BYY  BHW
eXpeCtlon |S above 20- 10° k- 24 b-tags >4 b-tags tHq —tTH +Data | |Syst >3 b-tags
7 jets 8 jets >0jets [5jets =6 jets 3 jets >4 jets
CMS Preliminary 138 fb (13 TeV) 10° #LF, tC, #2b cats. HLF, #C, t2b cats. LF. tC catd}
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‘ ; L L ] | | L ‘ L
- - . [CMS-PAS-HIG-19-011]
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ttH (H—bb) STXS results

In 120 GeV to 300 GeV p¥bins: highest sensitivity

CMS Preliminary 138 fb™' (13 TeV)
I I | I I 1 I | I I 1 I | I % 6
u tot stat syst Q 10
: [
i 190 +1.24 +1.44
[0, 60[ o 023 75 24 o
i +1.35 +1.00 +0.91
[60, 120[ H—a—H 0.06 39 100 -006
i +0.95 +0.69 +0.65 —
[120, 200[ H——H 114 565 o060 -052 %
n
[200, 300] vy 019 U U8 e 2
; I
; |5
' +1.01  +0.80 +0.61 >
[300, cof | H—a— -1.20 05 078 071 L
1 | i 1 1 | L l 1 1 | l
0 5 10
il = 6log,

° og oo C MS
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1

—tfH5 Data

2018 discriminant bins

postfit STXS distributions 2018
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tH (H—bb) Inclusive result -
[CMS-PAS-HIG-19-011]

CMS Preliminary 138fb~1 (13 TeV)
' [

I I I I 1 | 1 I I | I I I | 1 I I I I
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95% CL upper limit: W +1 SD expected +2 SD expected

pey = 14.6 (exp 19.3727) L=

48.0+232
2016 481 ">
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2017 16.5

ttH contribution assumed to conform to SM

i 31.2+153
expectation and treated as background 2018 9.8
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DL 27.5
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14.6
| | | I | | | 1

0 20 40 60 80 100
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ttH/tH (H—bb) Coupling results -

Coupling of Higgs boson to top quark (k;) and to vector boson (ky),

ttH and tH both treated as signal [CMS-PAS-HIG-19-011]

- 0CMS Prellm/nary 138fb 1(13TeV) B
.................... —
8 ¥> R expected 1 1192
75k observed 4 %
. - Ki=0.59 G ]
ttH production rate o k? . |t o4 ™
5.0F — 68% CL
95% CL 144
g —112.0
. 9.6
for tHg and tHW interference occurs:
—17.2
Otng = (2.63 - k% + 3.58 - KV — 5.21 - keky ) Oiig
oew = (2.91 - kZ + 2.40 - k& — 4.22 - KKy ) o
7.5 -
. :

compatible with SM expection at level of 20

Anomalous couplings covered by

b
Matteo Bonanomi on Tuesday ‘


https://indico.desy.de/event/34916/contributions/146793/

Presented recent results from the fermionic Higgs inclusive cross
section and coupling measurements of CMS with full Run 2 data

e ttH/tH (H — bb)
 VH(H — bb)
 VBF (H - bb)

e ggH,qqH, VH (H — 17)

Run 3 currently ongoing, expected to further improve the sensitivity
of the analyses

Posters covering the presented analyses:
«Measurement of ttH and tH production in the H(bb)
channel at CMS» by Valeria Botta

«Measurements of Higgs boson production in decay
channel with a tau lepton pair» by Pascal Bartschi

Universitat |
Zirich™

/&0

CMS Preliminary 138 fb' (13 TeV)

T T T T
u tot stat syst

FH| v 0.84 Ui a2 oss
SL HIH 0.46 _?5333 foo_2211 +00;22:
DLpms 023 R 0w
2016 | wan 049 Ti 03 om
2017 m 032 35 s oms
2018 n-u 023 T3 0% oa
Combined llIi o |0-3|3 —1‘—00‘.2266‘ T?D.'g | +c?|2211
0 5 10

U = o/og,,

ttH signal strength



Thank you for
the attention!




Back up




H— 7T Processes and selection

Classes per final state

Process e ety HUTy, TWTh
T-embedding  genuine T genuine T genuine T genuine T
QCD/ Fg-method  jet — / jet =1, jet— T, jet = Ty
tt(e/pn + X) tt tt tt misc
Z— Ul misc zIl zIl misc
Diboson/single t db misc misc misc

Universitat CMS
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Final state Category Selection Observables
0-jet 0jet Mz, p’}“h (frh)
Moy (e}t)
VBFlow py  >2jets, m; > 350GeV, py < 200GeV  m,, my
{Tw el VBFhighpy — >2jets, my > 350GeV, py >200GeV 1, my
Boosted 1 jet 1jet My, Pr
Boosted >2jets Not in VBE, >2 jets My, Py
0-jet 0jet My
VBElow py  >2jets, Arjj; > 2.5(2.0 for 2016), —
ThTh 100 < pY' < 200GeV
VBF high py  >2jets, Ay, > 2.5(2.0 for 2016), I
pr > 200GeV
Boosted 1 jet 1jet My, ;ﬁg

Boosted >2 jets

Not in VBF, >2jets




H— 77 Bins .. [CMS !
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ggH
|
[ I
P2 [0,200] P [200, o0)
I ,
I | | VH
=0 Jet =1 Jet >2 Jet p% (200, 300] | | |
10, 60 1300,
pr[0, 60] pr [300, 00) WH ZH
p¥[010] _______ pH [60, 120] mg; > 350 -
H
pH[10, 200 H 120,200
r10200 | LI o o0 P [120, 200) pY[0, 150 pY[0, 150
- ™mjj < 350 v -
| Pr [60,120] 1 Mecasurement bins pT[lSO’ OO) pT[150’ OO)
| P% [120, 200] 1 Finer subdivision
of NN classes
qqH
[ I ]
< 2 Jet or mj;0, 350] > 2 Jet and m;;[350, 00)
|
| |
P [0,200] P [200, 00)

mj; [350, 700
1 [700, OO)




H— 71 Tau embedding method

Estimation of all backgrounds with two real
T (mostly from Z boson decay)

* uu events selected in data

 Energy deposits of muons removed,
replaced by simulated tau leptons with
the same kinematics

Z — 77 Simulation

>

/)

)/

Z — . Selection

Universitat
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CMS

Z — pp Cleaning

Simulate 7 leptons
with same kinematic
properties as muons.

Z — 7t Hybrid

o, e
S :.&“
-

:‘-'- l;- ';. v e
R

-
.

r A

- v“'
Iy -
"'_-:n‘.‘;! - 4 $-.
S8 e
S : .
- b . o &
- vy
- L
-..?qt Ly

Merge simulated and
cleaned event.

Remove energy
deposits from muons.



H— 7t Fake factor method

Estimation of background with jets initiated by quarks or gluons and
misidentified as hadronically decaying tau leptons (especially 75,7,
channel has large contribution)

Universitat |
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Fp=3 f%F;?

SR i i,j € {QCD, Wtjets, t }
* Anti-isolation region: Tau lepton isolation vs jets is reverted -~ fi= s
i *VAR

* 3 determination regions for QCD multijet, W+Jets and tt (for 7,7,
channel only QCD)

Fake factors weighted with fraction of background contribution in
AR:

Wtjets tt
FY Fl

AR DRqep

_ W+jets QCD _ ptt Application Determination
Fe = fw+jets * Fr + focp " Bt fui FE



H— 77 OS/SS method

Estimate background with jets misidentified as electrons or muons in eu
channel

* Application region defined with same sign of g, and q,,

« Determination region with anti-isolated muons and isolated
electrons give transfer factor Fr from AR to SR

 Extrapolate the number of fake leptons to the signal region with:

CMS,/|

Universitat | —
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Ngp = FrNyp




H— 71 Correlation
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Compact Muon Solenoid

CMS simuaion CMS simuaion Ut
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VBF (H— bb) categories

Category BDT score boundaries Targeted process
2016
Tight 1 0.25 < D < 0.50 VBF
Tight 2 0.50 < D < 0.75 VBF
Tight 3 075 < D VBF
Loose Gl 0.50 < Dgopy < 0.55 geH
Loose G2 0.55 < Dy geH
Loose V1 DggH < 050, 0.80 < DVBF < 0.85 VBF
Loose V2 Dgop < 050, 0.85 < Dypp VBE
Loose 71 Dgg]_] < 050, DVBF < 080, 0.60 < DZ < 0.75 Z+jets
Loose Z2 Dggn < 0.50, Dygg < 0.80,0.75 < Dy Z+jets
2018
Tight 1 0.25 < D < 0.50 VBF
Tight 2 0.50 < D < 0.75 VBF
Tight 3 075 < D VBF
Loose Gl 0.55 < Dgopy < 0.60 geH
Loose G2 0.60 < Dy geH
Loose V1 DggH < 055, 0.50 < DVBF < 0.55 VBF
Loose V2 Dgopp < 0.55,0.55 < Dygp VBE
Loose 71 Dgg]_] < 055, DVBF < 050, 0.60 < DZ < 0.70 Z+jets
Loose Z2 Dgen < 0.55, Dygp < 0.50,0.70 < Dz Z+jets
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VBF (H— bb) DNN outputs . |CMS/ ]
Universitat | —
oo o UzH | \ \ 5
Ziirich S
z o ‘3@3?4'(1?1—‘5\? > T ey Tbr‘-“?TwE\i) FAJ
c E CMsS 4 Data i = E CMs 4 Data ]
o Leose 2016 —VBF ] o [ Loose 2018 —VBF ]
= 3 —ogH 1 = —ggH 1
E B7vets ﬁ Bz+jets
— 1 ] N . ]
210 | 310 ;
o 1 5 3
z 12 :

1072
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> T ———T T 73 = 7 1T 1T 1 =S [ ] =2 [ ]
= r CMS 4 Data 1 = F CMS + Data 3 Is} [ Tiewt 2016 —VBF ] je! [ Tieur 2018 —VBF ]
3 Loose 2016 —VBF 1 2 Biloosc20s —VBF ] 2 L —ogH 13 5 9ot ]
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VBF (H— bb) Systematics

Source of systematic uncertainty

Impact on signal strength [%]

VBF parton shower
Jet energy scale
Trigger efficiency
Parton shower (final-state radiation)
b jet regression smearing
b tagging efficiency
Pileup modeling
b jet regression scale
Jet energy resolution

13.0
7.7
6.7
5.6
3.3
3.0
2.3
2.0
1.5
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VBF (H— bb) Previous measurements

N/

Previous measurement from CMS :
,ug%% = 2.8*1¢ with 2.20 significance (exp. 0.80)
[Phys. Rev. D 92 (2015) 032008]

Recent Measurement from ATLAS :

,ug%lg = 0.95%:32 with 2.60 significance (exp. 2.80)

[Eur. Phys. J. C 81 (2021) 537]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.032008
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8

VH (H—bb) Techniques

CMS /1]

Universitat
Zirich™

b jet energy regression Comput Softw Big Sci 4, 10 (2020)

* DNN regression on b jet specific kinematic properties for jet
momentum reconstruction

Dedicated smearing and scaling correction to account for
different jet resolution in data and MC
* Fit uses 2-jet event topology in which the jet resolution can be SUALALY

2 [
measured by the jet system balance against the Z in the %“-14__ SIS ation Pretminary 4
transverse plane Sotof e /gg};ﬁ‘“
op T
Kinematic fit (2 lepton channel) 0,081 —E— bitrgson 35 sy %}ﬁ 4 !
* Use information about Z mass to constrain mass of Higgs boson ooof . b lﬁi
reconstructed from jets and final state radiation ) ﬂ*’} L
e possible due to better momentum resolution of leptons than 002:_ f;‘? \ &
. . . . . N fal *
jets and absence of intrinsic MET in 2 lepton channel L et

20 40 60 80 100 120 140 160 180 200
mjj [GeV]

 fit of lepton and jet kinematics takes into account uncertainties


https://link.springer.com/article/10.1007/s41781-020-00041-z#citeas

VH (H—bb) Event Selection

Resolved topology

0/1 lepton

DeepCSV

pass

# add jets

fail

LF

€[90,150] GeV

SR HF

2 lepton

DeepCSV

pass

fail
LF

€[75,105] GeV &[75,105] GeV

=11

€[90,150] GeV Z [90,150] GeV

SR HF

Universitat
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Preselection:
FatJet p, > 250 GeV

FatJet [n| < 2.5
m,, > 50 GeV

fail

LF

€[90,150] GeV

# bjets outside FatJet

¢ [90,150] GeV

=

SR

HF




VH (H—bb) Correlation plots
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CMS Simulation
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VH (H—bb) Results

-1
138 fb” (13 TeV) 138 o' (13 TeV)
CM'S' ¢ Observed CMS * Observed
Preliminary Preliminary
— 110 (stat @ syst) — 110 (stat ® syst)
16 (SYSH) — 1o (sys) Previous result (parial Run Il results):
* Expected sensitivity 4.20
| e u=106+4+0.26 (2016+2017)
ZH - 0.37 +£0.16 + 0.14 2Z inclusive " 1.04:+£0.07£0.12 e u=1.08+40.34(2017)
| CMS-PAS-HIG-18-016
WH -,.- 0.97 +0.23 +0.22 WZ inclusive - 1624017022
N D S Sy S S 1
-1 0 1 2 3 4 5 6 .
Bestfit 1 Best-fit 1


https://cds.cern.ch/record/2633415?ln=en
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VH (H—bb) Impacts

CMS,/|

Ap
Background (theory) | +0.067 —0.064
Signal (theory) +0.082 —0.060
MC stats. +0.092 —0.093
Sim. modelling +0.070 —0.066
b tagging +0.059 —0.041
Jet energy resolution | +0.045 —0.057
Luminosity +0.041 —0.034
Jet energy scale +0.029 —0.036
LeptonID +0.016 —0.002
Trigger(MET) +0.001 —0.001




ttH (H—bb) Observed likelihood-ratio test statistic Universitst |CMS |
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CMS Pre/lmlnafy 138fb~1 (13TeV)
C 2_0_ T ] T I l 1 1 1 1 T I I 1 1 1 T T I I 1 1 1 | T 1 | j
O | ¢ expected | 1192 S
v B O
© observed 4 £,
k%) 18 & Uin = 0.33 N —16.8§
o i ttB normalisation=1.19 | [
€ | — 68%CL |
_ S "o -- 95%cL 1 (1
Postfit values of background c
e ) : ; -12.0
normalisation in combined fit: 00 1.4f -
r= |
» 9.6
ttB normalisation: 1.19%0-13 12} .
. | 172
ttC normalisation: 1.07+9-23 1.0 Y
0.8f- y
0 P TN B I SO R
4% -0.5 0.0 05 1.0 15

ttC normalisation profiled




ttH (H—bb) Pulls and impacts Universitst |CMS |
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—— Fit constraint (obs.) +10 Impact (obs.) —— -1o Impact (obs.)

Fit constraint (exp.) +10 Impact (exp.) -1o Impact (exp.)
CMS Preliminary i=0337%

Collinear gluon splitting ' ' -—-—-' C — ' - I
ttB normalisation 1-19i-+5!'11 :
PS scale ISR (tiB) i
QCD normalisation (> 9 jets, 2018) 0.964;3'0%%5
QCD normalisation (= 9 jets, 2017) 0.96 i*c.f_’o“ﬂ?ﬁ -—-
QCD normalisation (= 9 jets, 2016) 0.98?.‘6%%211 -————-
QCD normalisation (8 jets, 2018) 0.982i_’a%%173 -—-
Jet energy scale (1) : -6- -—-
ME-PS matching (t{LF) ; '——" '—_'
MCstat. (1) | s —_—
QCD normalisation (8 jets, 2017) 0.979?,5%01122 -——-
Jet energy scale (2) -—-
QCD normalisation (7 jets, 2017) 0‘99?.?-(9&5‘ --—-
QCD normalisation (8 jets, 2016)| | 0.99198H ——
Underlying event (tf) : '-'-' : '-—'——'
O (renorm./fact. scales) ‘ ._._.
MC stat. (2) —— B
MC stat., (3)|  s—imem—ms .,
QCD normalisation (7 jets, 2018) 0.98?:’_5%%%9 -—-

Jet energy scale (3) -——- o o 'I—- ) . | .

-1 0 1 -0.1 0 0.1

-6, /A0 All




ttH (H—bb) Comparison ttB 4FS vs 5FS Universitit CMS
Ziirich™ \
Average An between any two b-tagged jets for events in the SL channel
after the baseline selection in the (= 6 jets, =4b tags) category

— 0 Erlﬂsl !?rgﬂmmar,lv UL L R B 1|3|8 |fb| (1|3|T|e\|{)_ = (E:MS Prea’:mmanl/ T T T T 1 T T T 1 138 ft! (1|3|T|9VL
% ; SL (> 6 ]etS > 4 b-tags] L] datal —Slglnalx25 ; % % SL (} BJEtSs 2 |4 b-tags) . dalal —5|g|nal x 25 %
> 10 Prefit EfiLF Wic = 2 1L Prefit EiLF Wic —
5 E [ fiis) _ 3 = = B (5FS) ) 3
s _F = M signal B = = o [ signal 3
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= 3 10° = =
10°E _ = -

10°
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& 10
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107k i ! =
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ttH (H—bb) data/MC comparison ... |CMS/]
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ttH (H—bb) Jet multiplicity distributions Universitit |CMS/ !
e o UZH L : fé
Ziirich
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ttH (H—bb) Compatibility to SM and STXS vs incl.

Compatibility of ttH inclusive against SM expectation:

p-value: 0.02 (2.40)

Compatibility of best-fit STXS values with SM:

p-value: 0.21 (1.30)

Compatibility of best-fit STXS values with inclusive ttH:

p-value: 0.67 (0.40)
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pr(H) fl & tot (Estat =+ syst)

0-60 GeV 02715 (+12 14)
14 1.0 +0.91

60-120 GeV 0.1 (*10 £6%)

0.95 (10.69 10.65
120-200 GeV  1.14752 (Toee To)
0.89 (40.65 10.60
200-300 GeV  0.19775) (Toez "o

1.0 0.80 +0.61
> 300 GeV —1-21_1_1 (i_[]_?s tﬂ.?l)

Best-fit results of u;zg in

different STXS bins



ttH (H—bb) Comparison to previous measurement

Compatibility to JHEP 03 (2019) 026 using ony SL+DL in 2016 (approximated number, assuming uncorrelated
datasets among analyses and neglecting the uncertainty on the signal strength of JHEP 03 (2019) 026):
p-value : 0.41 (0.80)

Universitat |
Zirich™

CMS,/|

Previous measurement

CMS Collaboration, “Search for ttH production in the H — bb decay channel with leptonic tf decays in
proton-proton collision at /s = 13 TeV”, JHEP 03 (2019) 026

Dataset: 2016, L = 35.9/fb.

Analysed channels: single lepton (SL) + dilepton (DL).

ttbar+jets modelling: all events from 5FS POWHEG sample. Rate unc. of 50% on tt+bb/b/2b/c
Categories and observables for final fit:

e DL: (>=4j, 3b) and (>=4j,>=4b). Fit BDT output and MEM, respectively.

e SL: (4j,>=3b), (5j,>=3b), (>=6j, >=3b). Multiclass ANN with nodes for ttH, tt+bb, tt+b, tt+2b, ttC, ttLF.

Result: p=0.72 £ 0.45, significance of 1.6 6 (2.2 ¢ exp.)



https://link.springer.com/article/10.1007/JHEP03(2019)026

ttH (H—bb) STXS correlation

Zirich™

Universitat g <
a

CMS Preliminary 138 fb' (13 TeV) »

ttB 5 0l
tiB 4 '
fiB 3 06
- 0.4
Correlations of the best-fit ttH ttB 2
signal-strength modifiers p; 7, ttB 1 0.2
in the different STXS bins i and ttB 0
the global (ttB) and per-bin MEH o
(ttB*) ttB background 14
normalization parameters fiH 0.4
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