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Measuring the Top-Higgs Yukawa Coupling

KIT
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E>‘§ 1 ATLAS and CMS ‘
m Higgs-boson Yukawa coupling \; to % LHC Runl £
top quark especially interesting Ei‘l ok ]2
u Large (= 1): important in loop < s
processes o2l |3
a Strong impacts on SM and BSM &
. ¢ ATLAS+CMS
phySICS 1070 u -+ SM Higgs boson |
® Indirect constraints from gluon-fusion I
production and H — ~~-decays [Jes%cL 1
a Dominate current value ? i 1 I 7

a Model-dependent: need to make
assumptions on loop contributions

tt- and t-associated H production:
direct access to top-Higgs coupling
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http://link.springer.com/article/10.1007%2FJHEP08%282016%29045

Outline A“(IT

= Not very many dedicated projections on ftH and tH available yet

m This presentation:
1) Review of current measurements (personal selection)
a What methods are used and what precision is reached?
a Which uncertainties dominate?
2) Prospects for higher luminosities
w Projections of direct ttH(y~), ttH(u2), and H — ZZ* — 4/ measurements
m Projections of the indirect coupling measurements
3) Thoughts on further studies

a What additional studies are needed?
a What theoretical input is needed?
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ttH and tH Production at the LHC AT

RN DA AR

m Small ttH production cross- 20 | M) 125 Gev s

section of =~ 0.5pb at 13 TeV S [ ponumoeeet

m Large dependence on /s % 10 E
compared to other channels, e. g. s |
factor &~ 4 increase from 8 TeV T 1

a Uncertainty dominated by missing

higher orders (QCD scales) 10—17

= ‘U;N\DE : ]

E \\H\NLDQL -

T E

a Yet smaller tH production /
cross-section of ~ 0.1 pb 1075 E

el e o b b e b Lo U9
m Combination of tt/t and H decays: e 1
multitude of possible final states with many objects
a Jetsand b jets
a Light leptons and hadronic s
a Photons
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Searches for {tH Production at the LHC AT
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Latest LHC Run-Il results on . = o /osy

A ‘ ATLAS  (ATLAS-CONF) ‘ CMS (CMS-PAS)
ttH(zz* — 4/) <77 (2017-043) <1.2 (HIG-16-041)
2l © ttH(y) 0.57%% (2017-045) 2.2%9%  (HiG16.040)
S
Qo
S| = _ 15795 () (HiG-17-000)
o A ttH(multi-leptons) 1.67%5 @o17-077) =5 ()
0.7t%‘_65 (7h) (HIG-17-003)
ftH(bb) 0.87%8 (2017076 —0.279%8 (HIG-16-038)
combination 1.2f%"33 (2017-077)

a In general: similar analysis strategies and sensitivity by ATLAS & CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
http://inspirehep.net/record/1608162
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/

ttH, H — vy & 4/

S
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@ H — vy and H — ZZ* — 4/ cleanest channels: high purity
a ft and H systems of event can be cleanly separated and identified

m Challenge: small signal yield of 0 x B =~ 1fb (yy), = 0.14fb (4/)

m Several categories targeting ttH and tH production
a v ATLAS: tt/t leptonic (2 ftH, 1 tH) and hadronic (4 ttH, 2 tH) channels
a vy CMS: tt/t leptonic (1 ttH), hadronic (1 ftH) channels

a 4/ ATLAS+CMS: incl. ftH category
a Empirical bkg. model from sidebands

Events / GeV

MgoH Mver | wH [lizH BogzH lttH [llobH | tHgb

I
=

ATLAS Simulation Preliminary H - yy, m,, =125.09 GeV

tH lep Ofwd
tH lep 1fwd
ttH lep

ttH had BDT1
ttH had BDT2
ttH had BDT3
ttH had BDT4
tH had 4j1b
tH had 4j2b

ATLAS-CONF-2017-045
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CMS Preliminary
T T

FH-vy N
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

ttH, H — 7~ & 4/: Results AT
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T T T T T T T T CMS Ppreliminary 35.9 b’ (13TeV)
— P T T T T T
ATLAS Preliminary i Total o Stat H-yy E= combined + 10
[ Vs=13Tev,36.110"
Towl _sat_Syst_Theo | 3 L —8- Per process # 10
L —— poo= 05 98 [res et ] g s
top top -06 5 7 Hog | 11155 R, -
- 705 [+08 +0z 02 . s
Ky = —e— Wy = 07 Zog [68 o3 61 ] § — B e ™ 116 0% i)
_ +06 [+05 +03 +03 06
[ =21 198 [98 10 1] hy Hyge | 0555 m,, profiled 2
n +0.19 |:~om +007 ‘006} =4 = ‘5
ggH 018 [ ~016 -006 -005 ] | o
W s k]| 2 i 8 ——
run2 [~ 014 =011 -005 005 | | & -
s |- iR 8E a e W | 2o
5 6 7 | 1 I | |
-2 0 2 4 6 8

Signal Strength

a H — ~v channel: precision of Ay = 0.6-0.9
m Results compatible with SM expectation
a Entirely dominated by statistical uncertainty
m Systematic uncertainties dominated by signal modelling

a H — ZZ* — 4/: no events observed, only upper limits
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

ttH, H — multi-leptons ﬂ("'

m Targeting H — WW*,ZZ* +7 and > 1 leptonically decaying t quark
= Event selection: /*/* or > 3/, jets, and b tags
a Several categories to enhance different channels
a Excl. H — 4/, CMS: excl. Tha4 (dedicated analyses)
a Main backgrounds (composition depends strongly on category)
= Irreducible tt + V production: from theory with O(10 %) uncertainty
a Fake and non-prompt leptons, lepton charge mis-ID: estimated from
data with O(30 %) uncertainty

Example: ATLAS categorisation

Number of Thaa
»

1

1 2 3 4
Number of light leptons

£20-£1+02-4ANOD-SV 1LY
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/

ttH, H — multi-leptons: Results

a ATLAS and CMS: sensitivity enhanced using MVA methods

Karl

m e.g. 2/SS: two BDTs to separate ftH vs. ft and ftH vs. tt + V

ATLAS Preliminary

Vs=13 TeV, 36.1fb"

—Tot. Stat. Tot.  (Stat., Syst.)

2 0S + 1%y [P P 17 21 (48 114
R e 08 15 (34,1
4| e 0.5 55 (55, °59)

3 + 1% b 653 (113, "2
2 S8+ 1Thag b--o-H 35 j; (jg tg.g)
s pou 188 (30

2 88 o 1.5 07 (04, 133)
combined hod 1.6 0% (03, '63)

—2 0 2 4

best fit [ for m, =125 GeV

8 10 12

££0-£102-4NOO-SY1LY

2l
_ 1406
H=181¢

3l
L=1.0%8

-0.7

4

— 0923
H=09 -16

CMS Preliminary

35.9 fo! (13 TeV)

m,, = 125 GeV

(

u=15 os

+0.5

[ 93 (stat) tg: (syst)j

I
-1-05 0 0.5

L L
115 2 25 3 35
Best fit p(ttH)

m H — multi-leptons channel: similar precision of Ay = 0.5
m Results compatible with SM expectation

a Statistical and systematic uncertainty at same size

= Dominating: signal & tt + V modelling (theory), non-prompt /, JEC
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html

ttH, H — bb AN
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m Largest H branching ratio: 0 x B =~ 0.3 pb

CMS Experiment at LHC, CERN

CMS 1| Data recorded: Sat Oct 3 05:16:35 2015 CEST
Run/Event: 258159 / 221244519
| Lumi section: 173

25 \Ovbn/crossmg 45125378 / 2964

Jet 0

ot = 321.52| [}
| H
da=0470 Yt 1 Glooged)
phi = 3.069 :::EBUS‘B:;G G_I‘)
Jetd g
:;15.3,2%4 ?
phi=-1.751 &
w Challenging final state s L
a Huge combinatorics in event §
reconstruction Al z
- - eta =-1.205
a Large tt + bb background Bl = AT M
O(10)pb with associated large e
theory uncertainties single-lepton-channel candidate event
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-004/index.html

ttH, H — bb: Strategy ﬂ("'

institut fr Technologie:

m Selection of semi- and dileptonic tt decays
All-hadronic final state analysed at 8 TeV, e.g. ATLAS J. High Energ. Phys. (2016) 160

a Events categorised by nhumber of jets and b-tagging information

(in some cases also boosted-object 1142129 17 (13 TeV)

I T
category) S | CMS Preliminary 4 data
: . . = @ Liets. di . H (ugy = 1.0)
m First separation of signal and tt + X £} ghemeisdieston - 019 1
backgrounds i Background

Bkgd. Unc

a Final discriminants exploiting BDT
and Matrix Element Method (MEM) .|
a Details differ, e.g. ATLAS using a
reconstruction BDT, CMS using a 2D
discriminant from BDT and MEM

8€0-91-DIH-SVd-SWO

m Simultaneous fit across all categories

Ratio to Bkgd.
orroNw
oouvomo

—1‘,5 -1.0 —(;.5
log( [S/B] (prefit expected)
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https://dx.doi.org/10.1007/JHEP05(2016)160
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html

ttH, H — bb: Background Modelling AT

w tt + HF: Powheg+Pythia8, normalised to NNLO+NNLL prediction
a Approach by ATLAS

s i+ > 1bfractions correctedto & | T S ]
Sherpa+OpenLoops NLO é Y “o— SrereadF EN
4-flavour-schemg calculation g T ] g

a Normalisation of tt4 > 1b/c nE e 18
freely floating in final fit al: “7

m Add. uncertainties include choice r e d3
of generator, PDF, QCD scales, wle e ] &
ISR/FSR o o —

m Approach by CMS I I E

m Separate templates for tt + b, 3 § ook E

f +bb, T+ 2b, ft+ cC, T+ LF & w5 wee o wes  wesm

a 50% rate uncertainty per
process, uncorrelated in final fit
® Add. uncertainties include PDF, QCD scales, ISR/FSR
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/

ttH, H — bb: Results

(two-p combined fit)

(two-p combined fit)

ATLAS Preliminary

S

11.4-12.9fb" (13 TeV)

CMS Preliminary

(s=13TeV, 36.1fb"
T ‘m T T T T T N tot. stat. syst.
o m, =125 GeV | »
stat. .
tot (stat syst) % Dilepton ——a—+ -0.04 150 105 o
Dileptt N +1.02 4054 4087y | Q
tepion ——e—— 0.24 Z'o5 (Zo52 0.01) g
Z
n Lepton+jets - -0.43 % gg +g gé %‘gg
Single Lepton +0.65 (+0.31 4057y |2 B B b
g'e Lep! e 095 56 (Zoa -054) N
S
3
=)
40.64 1 40.29 +0.57 . +0.80 +0.45 +0.66
(Combined e 084 L5 (T2 4).54)) [Combmed = 019 “og1 041 0s8
N TR P A A R

= g/ gttH
Best fit p = 0™/ olf}

= H — bb channel: precision of Ay = 0.6-0.8
(results with equal luminosity: similar sensitivity of experiments)
a Results compatible with SM expectation (CMS: 1.5 o below SM)

m Systematic uncertainties dominate (already at 13fb~1)
a Theory tt + HF modelling uncertainty dominates, other: b tagging, JEC

a Also: limited MC sample size in background modelling

Matthias Schréder — ttH and tH at ATLAS and CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html

Status: ttH LHC Run-Il Results IT

‘ ATLAS  (ATLAS-CONF) ‘ CMS (CMS-PAS)
ttH(ZZ* — 41) <77 (2017-043) <12 (HIG-16-041)
tH(v) 0.57%5 (2017-045) 22199 (HIG-16-040)
_ 1.5705 (HIG-17-004)
ftH(multi-leptons) 1.67935 @o17-077) ~os ()

0.7758 () (HiIG-17-003)
ttH(bb) O.St%"% (2017-076) —O.Zt%'% (HIG-16-038)
combination ‘ 1.2793 (2o17-077) ‘

w With 36 fb~': evidence for ttH production

a Combination: 4.2 0 obs., 3.8 o exp. (ATLAS)
a Multi-leptons obs.: 4.1 ¢ (ATLAS), 3.3 o (CMS)

a Very different uncertainties depending on channel

m Strongly statistics limited channels
a Channels with large & theoretically difficult backgrounds

— different strategies to gain from higher luminosities
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
http://inspirehep.net/record/1608162
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-077/

tH Production at the LHC ﬂ(lT

a t-channel and tW-channel production contribute (s channel negligible)
® Dominating contributions depend on x; and Ky

q

m Interference: ’ Ao (ky — ki) ‘ — 0 X K& + KZ — 2kyky

m Destructive interference in SM — small cross section of =~ 90 fb
a But strong dependence on «; (also sign!)

tH production sensitive to magnitude and sign of top-Yukawa coupling
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Searches for tH Production

S
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w Dedicated tH searches in H — bb and H — leptons final states

a Similar strategies and uncertainties

as for ttH

m E.g. CMS upper limits (obs.) on tH
cross-section in H — bb channel

® SM: 113.7 X oggm
@ k= —1:6.0 X o17¢

a Not excluded by coupling

measurements if BSM

contributions allowed in loops

a Statistical uncertainties dominate
m Systematics: JEC, QCD scales

95% C.L. exp. asymptotic limit on cobs/Texp

CMS preliminary

2.3fb " (13 TeV)

pp — tH
H — bb, t — biv
ry =+1.0

1000 Foe,

100

inverted ;op-coubﬁmg

h[:f‘]

scenario .

- med. expected limit
—e— observed limit
expected + 1 std. dev.
expected + 2 std. dev.
tH cross section

3 2 1

m Also: both tH and ttH contributions considered in H —

(ATLAS-CONF-2017-045, CMS-PAS-HIG-16-040)
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https://cds.cern.ch/record/2204925
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

Prospects at 300 and 3000 fb~"
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Indirect Constraints ﬂ("'
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T T
ATLAS Simulation Preliminary

r ]
1 E how,hZZe- 4l h WW*— v z.x" 3
- F hott, hobb, hopy, h-2y el 3
> [ Ky Ky Ko Ky Koo Kl W )

10.1? 71 K Ky Kpy Ky Ky - - 3

E BR,0 Ely

C b . 1e

2l =

107 ,.I"z s =14 TeV ENd

c 1 1z

L —[tdt=300f" ] ‘U:,

0% —[rdt=3000%" =8

T EES

} } } =4

=il
s 1 l E
e i .
e I E|
Fos ! 1
g 0.9t T E
® o8- E

10" 1 10 10°

m; [GeV]

m Projected sensitivity of combined coupling measurement assuming a
SM Higgs-boson

Relative uncertainty on \; of 14 % (300fb~") and 8.2 % (3000 o)
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http://cds.cern.ch/record/1956710

ttH(~~) at 300fb " ST

. . « . \ I’O'ection b “eXtra Olation" Karlsruher Institut fr Technologie
projection by “smearing proj y p

CMS Projection 300fb” (13 TeV)
ATLAS Simulation Preliminary | L L LN U L
Vs =14TeV: [Ldt=300 b ; fLdt=3000 fb* H—-yy ECFA16 81
H-yy (comb. O ow —— ECFA16 82 —
o H
) = + + . —
(VBF-lke) > +0.04 (stat.) = 0.08 (exp.) = 0.06 (theo.) o
(W-ike) - +0.04 (stat.) = 0.02 (exp.) + 0.03 (theo.) 2
(IIH:\IkE p‘” | (ID
= )
(VH-like} é | oo -3
(ttH-like) ' [
(VBF-lke) g “n
(ggF-like) CCU L 3
H-WW (comb. v s Jos]
N Hier =
S - 42
& 8
H- bb _(comb. 79 S — N
(WH-like) —— O u
(ZH-like) 1 tH
H- 11 (VBF-like) L _
H=pp~ (comb.
(e | I I I I
(tHike) : 01 0 01 02 03 04 05
0 02 04 Expected uncertainty

Ap/p

w Uncertainty on x (Run-Il with 36fb~": x = 0.5 4 0.6)

ATLAS (14Tev) 0.38 (all unc.) 0.36 (no theory unc.)
CMS (13Tev)  0.30 (=~ Run-llunc.) 0.27 (} theory, ﬁ exp. unc.)

@300fb~': ttH(7~) entirely dominated by statistical uncertainty
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-002/index.html

ttH(~~) at 300fb " ST

projection by “extrapolation" Karlsruher sttt 0r Technologie

projection by “smearing”

CMS Projection 300fb” (13 TeV)
ATLAS Simulation Preliminary [T T T T [T T T T [T T T T[T T T T[T T T T[T
V5= 14 Tev: [Ld=300 o™ ; fLak=3000 ™ H-yy ECFA16 81
- = —— ECFA16 82 -
—~Yyy (comb. vy
5 v
ek > - +0.04 (stat.) = 0.08 (exp.) = 0.06 (theo.) |
(WH-like) - +0.04 (stat.) = 0.02 (exp.) + 0.03 (theo.) 2
(IIH:\lke _ IJW — 7
= ., T
(VH-lke) é [ ggH R
(ttH-like) ' [
(VBF-lke) g “n
(ggF-like) & [ 44
H-WW  (comb. v u‘w o
©) 5 VBF =
(1) = — -1
(VBF-like) > o
H-Zy {incl) -y =) oS
H- bb _(comb) ) 1= S — N
(WH-like) | O ( ur J
(ZH-like) tH
Based on Run-I analysis: ‘ ‘ ‘ ‘ ‘
sign. reduction of theory unc. 010 01 02 03 04 05

E ted rtaint;
~ 0.1 (Run I) — ~ 0.06 (Run II) xpected uncertainty

w Uncertainty on x (Run-Il with 36fb~": x = 0.5 4 0.6)

ATLAS (14Tev) 0.38 (all unc.) 0.36 (no theory unc.)
CMS (13Tev)  0.30 (=~ Run-llunc.) 0.27 (} theory, ﬁ exp. unc.)

@300fb~': ttH(7~) entirely dominated by statistical uncertainty
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-002/index.html

fiH(7~) at 3000 o~ AT

. . « . \ I’O'ection b “eXtra Olation" Karlsruher Institut fr Technologie
projection by “smearing proj y P

CMS Projection 3000fb™ (13 TeV)
ATLAS Simulation Preliminary L L L B
V5= 14 Tev: [Ld=300 o™ ; fLak=3000 ™ | Hoyy ECFA16 51+ |
Row o . i ——— ECFA16 52+
(o % [ | e e 1o
(k) m— _pw 1 (_.'3
B 3 S 12
sty = . 13
FWW oms » T Tf.
S | - — o
b ]
= = N
—° ([ —— )]
- —(;.1 0 0‘.1 0.‘2 0.‘3 D.‘4 0.5
0.4 .
e Expected uncertainty
w Uncertainty on x (Run-Il with 36fb~": ;x = 0.5 4 0.6)
ATLAS (14Tev) 0.17 (all unc.) 0.12 (no theory unc.)
CMS (13Tev) ~ 0.17 (HL-LHC unc.)  0.11 (] theory, ﬁ exp. unc.)

@3000fb~: theory uncertainties play a role
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-002/index.html

ttH (1) AT

Karlsruher Institut for Technologie

projection by “smearing”
ATLAS Simulation Preliminary
Vs =14TeV: [Ldt=300 b ; fLdt=3000 fb*
H-yy (comb)
(0))

910-7102-8Nd-SAHd-TLY

(WHlike)

—TT_(VBFike)
P (comb,

)
)
)
) 3
H- bb fomp) ]
)
H )
H )
)

D

(tH-like)

m Uncertainty on u (ATLAS)

300fb~"  0.74 (allunc.) 0.72 (no theory unc.)
3000fb~" 0.27 (allunc.) 0.23 (no theory unc.)

Some sensitivity (30% level) @3000fb~", dominated by stat. uncertainty
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016
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a Uncertainty on p (CMS)
300fo~"  0.81 (=~ Run-llunc.) 0.81 (] theory, ﬁ exp. unc.)
3000fb~"  0.32 (HL-LHC unc.)  0.31 (3 theory, ﬁ exp. unc.)
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Entirely dominated by statistical uncertainty even at @3000 fo~'
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-002/index.html

Thoughts on Further Studies
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What to Study? T

Karlsruher Insttut far Technologie

Dedicated projections for other ttH channels and for tH production:
what to expect with more data? (personal list of questions)

a Implications on scope of measurements?
m Ultimate precision of inclusive ttH cross-section measurements in different
channels and combination
m Prospects for differential {tH measurements
a Prospects for dedicated tH cross-section measurements
m Implications on systematic uncertainties?
a Impact of reduced statistical component in systematic uncertainties,
in particular: b-tagging, non-prompt / contributions, JEC
a Do additional theory modelling uncertainties become important?
a Implications on experimental techniques and constraints?
m Limitations by trigger constraints?
a Limitations by realistic size of MC samples?
a Gain by boosted-object reconstruction?
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Example: b-Tagging ﬂ("‘

Karlsruher Institut for Technologie

14 TeV
S S o

ATLAS CERN-LHCC-2017-005 E E CMS Phase-2 Simulation Preliminary ’ .

Qo - A
< A A e ey 2 F 13
2 F ATLAS Simulation 3 g [fietp>30Cev 1%
2 F Vs = 14 TeV, <u>=200, ti 1 = 13
= 10t E 3 5 2
ko) E —mM<27 3  Faw =43
£ ~ ——27<mi<4 {1 E 25<i<35 / g%
3 10 E| @ y 4 g o
E \\ Run 2, |<2.5 E § ,//15<|n|<2 : §
102 = ng "/ / Inj<15 =
E ; 7/ i ?
o — ] ”/ 3
10¢ —~— \ E PU=0 S
F V1 T E ° PU=140 | —

1-055"0.6 065 0.7 075 0.8 085 0;95 1 Wl S it feneas
oo Be b R © P =0 04 05 06 07 08 09 1
b-jet efficiency b jet efficiency

a Similar b-tagging performance expected between ATLAS and CMS
a Dependence on PU scenario

a Expect any change in b-tagging performance to significantly
impact ttH(bb) measurement
a Impact in other channels?

m Can uncertainties be reduced by larger control-sample size?
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 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005
https://twiki.cern.ch/twiki/bin/view/CMSPublic/TDR17001Preliminary

Theory Uncertainties ﬂ(lT

m ttH(bb), ftH(multi-leptons): background modelled using simulation

a Modelling uncertainties (among) dominant: direct impact on ultimate
precision

= Single largest impact: tt + bb cross-section uncertainty limits ttH(bb)
m ft + V cross-section uncertainty impacts ttH(multi-leptons)
a Prospects for improvements?
a What can be expected from control regions and dedicated separate
measurements?
m Related: practical aspects of MC sample size

m Can ft + X phase-space be efficiently enhanced?

a In particular relevant for MVA-based methods: require additional training
samples

m Can systematic variations be incorporated via event weights?
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Summary & Conclusions A\KlT

m {tH and tH production: direct access to top-Higgs Yukawa coupling
m Challenging final states with many objects and different uncertainties
m Status: evidence for ttH production
a The hunt is still at the beginning: rich and exciting programme ahead
a Increase in luminosity will directly help in some channels
m Precision channels H — yy and H — ZZ* — 4/: < 10% feasible (y7)
(to some extent H — multi-leptons)
a Other channels: improvement of experimental uncertainties?
m Most required inputs from theory side
= Reduction of tt + bb uncertainty? (dominating uncertainty H — bb)
m Reduction of it + V uncertainty?
w Further dedicated projections for tH and ttH analyses required to
better understand gain and limitations
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