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* 10 years later

The Higgs boson

* Discovery 2012 by ATLAS and CMS @LHC

e Observation from combination of 3 decay channels in 1 production process

e Single measurements in 7 decay channels and 6 production channels

e Established spin-parity quantum numbers

e Extremely precise mass measurement

e Limits on pair production and self interaction
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Top Yukawa coupling

* Couplings to fermions (Yukawa couplings) proportional to mass

e Top Yukawa coupling much larger than all others

e Dominates fermion loop contributions = model-dependent extraction

* Model-iindependent measurement

* via associated production with a top quark pair (#H) or a single top quark (tH)

Higgs boson production modes
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Deviations from SM?@
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STXS approach
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Single lepton and dilepton regions
Signal and control regions depending on number of jets and b-jets
Single lepton boosted for Higgs pr > 300 GeV
Classification BDT for signal regions and yields for control regions in fit
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" Compact Muon Solenoid

CMS-PAS-HIG-19-011

Full hadronic, single lepton and dilepton regions

Signal and control regions depending on number of jets and b-jets
Multiclass ANNs separately for each year

ANN output and likelihood ratio of outputs used in fit

Different treatment of tt+21b background wrt ATLAS
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Same decay channel, several production processes

First differential measurement of #tH

BDT to distinguish top-associated production from other sources
DNN to separate tH from ttH

- -1
CMS 137 b (13 TeV) CMS 137 fb" (13 TeV)
> _I LI | L | LI | L | LI | UL I LI | LU I_
” 9| Obseryed ; o) - H— vy, m =125.38 GeV All top categories ]
i | +1o (stat @ syst) 3 G 50~ H : ]
PR : ) 3 = 7F S/(S+B) weighted 1
R [ T T
& [ a7ty e - u J_;\;s (syzt.) | - % 0 C ¢ Data i
E 26' =0621% e ol o 512 i prediction . — : —
= _L O_Gi_ s 1__3]: [ 0.97‘2,%'153?:1 5ﬂ,, bt - 175 5 - —— S+B fit .
=n | (o - ostiz | %4em LT os0ld = S . T B component A
E 0.16% m ] | _—fou0 | 0240 E 8 L ]
= Horly <25 0028 - w2 e T oot S = 0 +1o .
107" = STXS stage 1.2: minimal I L ’ ootz — % \:| +2 6 ]
E  m,=125.38GeV, p_ & 70% ‘I‘ | | A“» 3 = 20 .
1072 ) " 7
25F | | 10 b ol l& l ]
2E s Nl L
1.5F b ) | | | | EG 2 - "‘0 ? o[ Tog 0‘
1§'| R ! I I -3 1 H T | %] TS l 2B =30 | "'l'_ 1T RN | "l“ | I - JE 3 _;4 0 B ' A B R R ] |0| | |“| h ||| 1 .||0|
= | | | 1 | | | =L
Oé\ N A \;0 40__ T rrr] [rrrr[prrrryrrrrp T
e ———— S S S - - - - = Pm— - = = S o = = B component subtracted
O o o a a a o -g. 8 51') 5]') o F T S < % N [ E‘ © « 8 8 8 - 30 =
E 'E) E, B '5) (_;3 8 2 vV VvV A c§> 'S-: g 'S) T ° >V,_ v A I IV,_ V. V. V A 20 =
S £ 3 € & > g < TrIrIe— € —_ € > :g_ A N o T T I ET E
S 3 - 2293 d v v E g €& &L v G v o £ v v v T =
T 5z = 2 AA o o ?) = c - & I o 2 T o o o E 10 =
2 5 25 55 T T S 3 @ o % 2 B < N I ® «§ S
[o)] o O 5 o O N ™ o — < & = a r - « 0
SSs s L 2oy s = = LI
R : " 10 |
55 -~ >°%¢C 100 110 120 130 140 150 160 170 180
m,, (GeV)
JHEP 07 (2021) 027
Cluster of Excellence ]G‘U
A ° n
P RlSMA+ L. Masetti - 26/09/23 12 Top 2023 - tH, ttH @LHC
jonannes GUTENBERG

UNIVERSITAT MAINzZ


http://dx.doi.org/10.1007/JHEP07(2021)027

Parameter value

(*2]

SN

I.JI|III|III|II

\®]

Multiclass BDT plus binary BDTs within
top-associated production categories
SMEFT interpretation
additionally to k-framework
All results in agreement with SM

expectations

=T

I

T 1T 1T

ATLAS
Vs = 13TeV, 139 fb™

Hoyy, m = 125.09 GeV, A = 1 TeV

I

|

I

|

Linear best-fit (obs.)

Linear+quadratic best-fit (obs.) === 68% (

I

— 68% (0bs.
obs.

[

|
8)---

I

i

- 95% (obs.) ]
) ===+ 95% (0bs.j

[

|III|II

|

i

|1|||||:'|t_|

E NOPE)

CHwCHBCHWBCHGCw Cc  Cuw CuB CucCuH CaH ChgChg Chy

x100x100x100 x100x10

x10 x10

Cluster of Excellence

x10

x10

@) @) ()

CHu CHd CHOCHD Cqq Cqq Cqq

x0.1

x0.1

PRiSMA+ L. Masetti -26/09/23

¢ 4 8 8 8
CII Cuu Cc(yu) C( )C( )

qd “ud
x0.1 x0.1

13

gg—H, O-et, plf < 10

gg—H, O-jet, 10 < p;‘ <200

gg—H, 1-jet, p: <60

gg—H, 1-jet, 60 < p': <120

gg—H, 1-jet, 120 < p: <200

9g—>H, >2-jets, m_ <350, p;‘ <120

gg—H, >2-jets, m < 350, 120 < p;‘ <200
gg—H, >2-jets, m, > 350, Pt < 200

gg—H, 200 < p*T* <300

gg—H, 300 < p$ <450

gg—H, p]"f > 450

qq'—Hqq', <1-jet and VH-Veto

qq'—Hqq', >2-jets, VH-had

qq'—Hqq', >2-jets, 350 < mii <700, p: <200
9a'—>Hqq, 2ets, 700 <m, <1000, p;‘ <200
qq'—Haq', >2-jets, m > 1000, p;‘ <200
aq—Hag’, 22ets, 350 <m, <1000, pi! 2200
aq'—Hag’, 22-ets, m, > 1000, pt 2200
qq—Hlv, p:’ <150

qg—HN, p = 150

pp—>HIlwv, p! < 150

pp—HIlv, p:’ >150

ttH, pt' < 60

ttH, 60 <p!' < 120

ttH, 120 <p!' < 200

ttH, 200 <p!' < 300

ttH, p: >300

ATLAS

EXPERIMENT

e RN L R B
ATLAS Vs=13 TeV, 139 fb™
H—vyy m, =125.09GeV ly |<2.5

|-eq Obs + Tot. Unc. .Syst. unc. | SM + Theo.unc.  p-value = 93%
Tot. Stat. Syst.
~ o 1 (2 41
ol 123 * ot
(2o g doam )
i i (e o)
f—C— 1.11 18224 E-gﬁgo J—fggeg
[ S — 1.0 t0:5 t0:5 t0:1
" 0.6 +0.5 +05 +0.2
— - 13 105 518:2 18:13
: * ': 10 +08 (:8:3 18:5)
6 104 (:8:2 :8:3)
r——— 0.0 :§:§ (:§:§ :§:i)
. ~05 -04 -0
A 2
0.9 +0.! +0. +0.
———— oo 1 (oih ]
e 1o 108 (18:2 :8:!—,)
—_— 1.4 :§:§ (;§:§ :§:§)
Ih— 1.19 igi;s‘? (iogigg igfg)
—ea——{ 02 & (e
| ve i it
| 1g 108 (18:2 :8:3)
- — ' e (;?:Z :821)
e DY (_gg 0 )
R 06 oo (Zo2 o
\4"_'_ ) 04 1 (+?:? +8:2)
) - i . _8‘3 (_82 _gf)
l_._'_'__' 06 108 (:812 :8:?)
. -05 -05 -0.1
——— 12108 (58 901)
————i 11799 (85 58%)
{ Ll 1 T T
1 0 1 2 4 5 6
[ : g 2 tg (tg ﬂ )
L . | R | | | 1
) 0 2 4 6 8 10
(08,08 )

JHEP 07 (2023) 088

Top 2023 - tH, tH @LHC

Glu

sonannes GUTENBERG

UNIVERSITAT MAINzZ


https://link.springer.com/article/10.1007/JHEP07(2023)088

Compact Muon Solenoid

e

o

|

Search in ttH and VH

with fully hadronic decay of the top-pair

or associated vector boson

Control regions for background estimate

include leptons or photons
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CP structure

Search for an admixture of a CP-odd component in the top-Higgs coupling
Expressed as a coupling modifier k: or k't and a mixing angle a
Sensitive variables are e.g. relative directions of the top quarks
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Dedicated ATLAS result with 1 or 2 leptons

CMS result with same selection as cross section measurement, only leptonic channels

Results compatible with pure CP-even coupling structure
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| | |
* tH and tH
 Allow for a precise study of the top-Higgs coupling

* Inclusive and differential cross section measurements compatible with SM
predictions

e In ffH(bb) ATLAS and CMS measure similar pi, <2.40 below SM expectation
* Heavily using machine learning techniques

* Better understanding of background necessary to exploit upcoming high statistics
datasets

* CP structure of the top-Higgs coupling
* Has impact on several kinematic distributions

* Searches for admixture of CP-odd component, expressed as mixing angle or
fraction

 All results compatible with SM prediction
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Fitted distributions dilepton SRs and single lepton CRs JHEP 06 (2022) 97
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Source Type  Correlation  Remarks
Renorm./fact. scales R correlated  Scale uncertainty of (N)NLO prediction, indepen-
dent for ttH, tHq, tHW, tt, t, V+jets, VV
Collinear gluon splitting™ S correlated  Additional 100% rate uncertainty on tt + 2b com-
ponent of ttB background Uncertainty source Description Components
U scale S correlated  Renormalisation scale uncertainty of the ME gen- _ - .
erator, independent for ttH, tHq, tHW, ttB (ttbb tf cross-section +6% tf; + light
sample), other tt (tt sample) tt + >1b normalisation  Free-floating AT LAS tt+ >1b
}p scale S correlated  Factorisation scale uncertainty of the ME gener-  tt + >1c normalisation ~ +100% tt + >1c
ator, independent for ttH, tHq, tHW, ttB (ttbb  \y matching MADGRAPH5_AMC@NLO + PyTHIA 8 vs POWHEG BOX + PYTHIA 8 All
sample), other tt (tt sample) PS & hadronisati P B H 7 s P B P All
PDF shape CMS S correlated ~ From NNPDF variations, independent for tHq, adronisation OWHEG BOX + HERWIG T vs OWHE(? gx + YT];IAsR +p 8 i+ >1b
tHW, ttB (ttbb sample), other tt (tt sample) and ISR : ISR in FOWHEG BOX RES + F'YTHIA = ~
ttH Varying o™ (PS), pr & g (ME) in POWHEG BOX + PYTHIA 8 tt + >1c, tt + light
PS scale ISR* S correlated  Initial state radiation uncertainty of the PS . FSR in POWHEG BOX RES + PYTHIA8  tT + >1b
} R A FSR Varying o~ (PS) . : s
(PYTHIA), independent for ttH, ttB (ttbb sam- in POWHEG BOX 4+ PYTHIA 8 tt + >1c, tt + light
ple), other tt (tt sample) = 15 foact] b B i b B b e 1. £ 4 5%
PS scale FSR* S correlated  Final state radiation uncertainty of the PS ttb:_ 216 fractions OWHEG. OX + _ERWIG 7 vs POWHEG BOX + PYTHIA8 tf; +1b, 1t + 22
(PYTHIA), independent for ttH, ttB (tbe sam- pT shape Shape mismodelling measured from data tt + >1b
ple), other tt (tt sample)
ME-PS matching @t R correlated NLO ME-PS matching (for tt + jets events), inde-
pendent for ttB, ttC, ttLF
Underlying event (tt) R correlated  Underlying event (for all tt + jets events)
Cluster of Excellence JGlu
A . T
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Uncertainty source

Ay (observed)

Auy (expected)

Total experimental
jet energy scale and resolution
b tagging

luminosity

Total theory CMS

tt + jets background

signal modelling
Size of the simulated event samples
Total systematic

Statistical
background normalisation
ttB and ttC normalisation

QCD normalisation

Total

+0.10/ —0.10
+0.08/ —0.07
+0.07/ —0.06
+0.02/ —0.02
+0.16/ —0.16
+0.15/ —0.16
+0.06/ —0.01
+0.13/ —0.12
+0.20/ —0.21
+0.17/ —0.16
+0.13/ —0.13
+0.12/ —0.12
+0.01/ —0.01
+0.26/ —0.26

+0.11/ - 0.10
+0.09/ —0.09
+0.06/ — 0.02
+0.01/ —0.01
+0.18/ —0.14
+0.12/ - 0.11
+0.13/ — 0.06
+0.10/ — 0.10
+0.23/ —0.19
+0.17/ - 0.17
+0.13/ - 0.13
+0.12/ - 0.12
+0.01/ —0.01
+0.28/ —0.25

Uncertainty source Ap
Process modelling
tt H modelling +0.13  —0.05
tt + >1b modelling
tt + >1b NLO matching +0.21  —0.20
tt + >1b fractions +0.12 —0.12
tt + >1b FSR +0.10 —0.11
tt + >1b PS & hadronisation +0.09 —0.08
tt + >1b py shape +0.04 —0.04
tt + >1b ISR +0.04 —0.04
tf + >1c modelling ATLAS +0.03  —0.04
tt + light modelling +0.03  —0.03
tW modelling +0.08 —0.07

Background-model statistical uncertainty +0.04  —0.05
b-tagging efficiency and mis-tag rates

Cluster of Excellence
(3 PRiISMAT L Masetii -26/09/23

34

b-tagging efficiency +0.03 —0.02

c-mis-tag rates +0.03  —0.03

[-mis-tag rates +0.02 —0.02
Jet energy scale and resolution

b-jet energy scale +0.00 —0.01

Jet energy scale (flavour) +0.01  —0.01

Jet energy scale (pile-up) +0.00 —0.01

Jet energy scale (remaining) +0.01  —-0.01

Jet energy resolution +0.02 —0.02
Luminosity +0.01  —0.00
Other sources +0.03  —0.03
Total systematic uncertainty +0.30 —0.28
tt + >1b normalisation +0.04 —0.07
Total statistical uncertainty +0.20  —-0.20
Total uncertainty +0.36 —0.34
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