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B Constraints on charm, bottom and top Yukawa coupling are one
of the benchmark results of the current LHC program
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™ Prospect studies at HL-LHC also getting available

Charm/bottom and top-Higgs Yulkawa couplings

deviations from SM expectations would reveal new physics

charm and bottom couplings can be probed inVH—cc, H—)/

YY,VH—bb, boosted H—bb

p decay in bottom quarks characterized by highest BR in SM

at 125 GeV

top-Higgs Yukawa couplings can be probed in production (ttH)

p  very small production cross-section at v/s=13TeV (1% of
the inclusive Higgs production at LHC)

p challenging final state with large object multiplicity (jets, b-

jets, leptons)

p dominant backgrounds with large yields and theoretical

uncertainties
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% Search for VH—bb and \;H—N?C @ LHL.b &: ATLAS

B Search forVH—bb andVH—cc @ LHCb (2012 8 1
data, 1.92 fb'')
d LHCb-CONF-2016-006

LHCb preliminary s =8 TeV

08 -
p analysis sensitivity is orders of magnitude above i i
the SM - upper limits on SM processes 0.6 _
p multivariate discriminant to separate b-jets wrt 04 -
light-flavour and c-jets i -
02F J
p limits -VH—bb @ 95% CL:84 X SM (50XSM i )
observed) - VH—=cc @ 95% CL:7900 X SM ol —— . . T % -
(6400XSM observed) 0 5000 s sar e
[o(pp —= W/Z+ H) B(H —c0),
= Search forVH—cc @ ATLAS (201542106 data, 36.1 o) & Flarias promnay  roma -
S tugeptsmocey  gobeeut
p focus on ZH production - H—cc invariant mass as 5 250- mz E
discriminant (in 1/2 c-tag categories with additional N L vlets -
requirements on pt?) ATLAS —2Hlea (1000 2
P new c-tagging algorithm developed by ATLAS for Run 2 E
analyses 50 =

arXiv: 1802.04329 (submitted PRL)
p  main background is Z+jets
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H/Z~32/1y @ ATLAS PhysRevlLett. 114 (2015) no. 12, 12180]
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22 ATLAS E
B Higgs couplings to charm quarks - sensitive to BSM physics fg fe=8 Ie\;atLLdt=19'2 ° E
16 — S+BFit -
. . -1 > ] Background E
p analysis at 8 TeV with 20.3 fb 3 14 e 3
< 192 [1Z[B=10"] 3
p expected SM branching ratios % 10
S g
- BR(H—J/py)=2.8-10° W g
4
- BR(Z—)/y)=9.9- 108 2
0
p upper limit on BR (H—}/QY) approximately 540 X SM
predictions
27 Y UL L B B B
p main background from inclusive QCD processes modelled ATLAS
with data driven templates to describe kinematic oofl (s=8Tev [Ldt=19.2f0" -
distributions 1 * B ]
% : [ Background ]
P Simultaneous unbinned maximum likelihood fit to ppy for 9 157 — gt E
the selected events > i
"qc'; 10 ]
p No significant excess of events observed above the it
background 5 .
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VHbb @ ATLAS

=) Analysis with full 2015+2016 data (36.1 fb-')

VZ—bb channel used as analysis cross-check
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final state with O, | and 2 leptons (e/M) according to the decay of the vector boson

JHEP 12 (2017): 024

)

ATLAS

EXPERIMENT

two or more b-jets tagged with MV?2 b-tagging algorithm trained against light-flavour and c-jets

multivariate discriminant to discriminate VH—bb signal vs the sum of all background processes

systematic uncertainties for the modeling of the signal and background processes, for the limited

size of the simulated samples and for the b-jet tagging play an important role

B Evidence of the VH—bb process (4.00 expected, 3.60 observed)

B Bottom Yukawa couplings consistent with Standard Model predictions
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-0.59

+0.40 +0.56
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(
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B Analysis with full 2015+2016 data (35.8 fb')

p same final state as in ATLAS (0, | and 2-leptons)

VHED i CMS

p combined multivariate b-tagging algorithm with low-level
(impact parameter,; reconstruction of secondary vertex)
inputs - significant b-jet efficiency and background (light-
flavour and c-jets) rejection

p main backgrounds:V+jets, ttbar, single-top production and
QCD multijet production

p  multivariate regression (BDT) to improve invariant mass
of di b-jet system and separate VH—bb

p  main systematics uncertainty from background modeling

Entries

Data/MC

) Individual contribution  Effect of removal to
ource Type to the y uncertainty (%) the y uncertainty (%)
Scale factors (tt, V+jets) norm. 9.4 3.5
Size of simulated samples shape 8.1 3.1
Simulated samples’ modeling shape 4.1 29
b tagging efficiency shape 7.9 1.8
Jet energy scale shape 4.2 1.8
Signal cross sections norm. 53 1.1
Cross section uncertainties norm. 4.7 1.1

(single-top, VV)
Jet energy resolution shape 5.6 0.9
b tagging mistag rate shape 4.6 0.9
Integrated luminosity norm. 2.2 0.9
Unclustered energy shape 1.3 0.2
Lepton efficiency and trigger norm. 1.9 0.1

Phys. Lett. B 780 (2018) 501

35.9 b (13 TeV)
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BDT output

Evidence of theVH—bb

process (2.80 expected,
3.30 observed)

Bottom Yukawa couplings
consistent with Standard
Model expectations



B |argest Higgs production and decay mode is gluon fusion
in H—bb (58%)

very large QCD background (108 times larger
) y larg g g

P accessible via boosted dijet topology — new physics
probed in high Q? phase-space

p using fat-jets (R=0.8) containing two b-quarks

p double b-tagging algorithm combines vertexing and
tracking information in a multivariate discriminant

p QCD background estimated from data in sidebands

p Higgs pt modelling - comparison of MC generators
with different matrix-element and parton shower
schemes (large modeling systematics)

=) Observation of Z(bb) in single-jet topology

B Significance of Hbb is 1.50 (0.70 expected)

Boosked Hbb @ CMS

Events / 7 GeV

Data — multijet — tf

Phys. Rev. Lett. 120, 0718002

decorrelation

35.9 b (13 TeV)
8000 : T T I T T I T LI | I T T I T I T LI | l T T I T l_—t
- CMS 450 <p <1000 GeV ---- W .
70005 double-b tagger i N
5000 - passing region .- Multjet E
C &4 Total background
= R H(bb) =
5000 - ¢ Data -
4000 =
3000 — —
2000 =
1000 — —
0 .:.b + o b da st | R
OS
%0 60 80 100 120 140 160 180 200
Mg (GeV)
Systematic source WiZ H
Integrated luminosity 2.5% 2.5%
Trigger efficiency 4% 4%
Pileup <1% <1%
NPPT selection 4.3% 4.3%
efficiency
Double-b tag 4% (Z) 4%
Jet energy scale/ 10/15% 10/15%
resolution
~ Jet mass scale (py) 0.4%/100 GeV (pr) 0.4%/100 GeV (pr)
p_goimulation sample 2-25% 4-20% (GGF)
¥ size
iH py correction 30% (GGF)
NLO QCD 10%
corrections
NLO EW 15-35%
corrections
NLO EW W/Z 5-15%




&&H-—»)bb @ ATLAS/CMS arXiv: 171208895 (accepted in PRD)

g CMS-PAS-HIG-17-026
arXiv: 1803.06986 (CMS ttH full-had)
ATLAS s =13 TeV, 36.1 fb”
’ PP ) z Rt 125Gev
B Analyses with 2015+2016 data from ATLAS and CMS stat. "
tot (stat syst)
p categories based on jet, b-jet multiplicity and b-tagging wous comgir:(:;%t%?) e —y  —0.24 02(25% 4057
requirements (|-lepton and 2-lepton final states)
Single Lepton —em— 095 00 ('05 ‘oas)
p  analysis strategy based on multivariate classifiers (two- combined fit) S
(reconstruction, classification BDT, likelihood,and MEM [ ;)";";;,'(;;":(;'2';;;;7'""
in ATLAS, deep neural network CMS) Combined o~ 084 061 (029 -054)
EEE
P main theoretical uncertainties on tt+HF (tt+>=1b) Best fit 4 = o™/oilt
mOdeIIng 35.9fb" (13 TeV)
% CIMISIUTITI IVIIF1DUt]ll l‘[?
. . Preliminar . ata .
p CMS has also made public ttH(bb) full-hadronic final P 10”E eay Background o
state ‘qc'; . [ Signal (1 = 0.72)
A S A g 10 | SM(u=1) 3
m) Significances: 10°
102
P 2.20 expected significance (CMS), Pcombined=0.72+0.24(stat) :
£0.38 i
o 1af
. . 21
p |.60 expected significance (ATLAS) % S -
80‘6:_”11““111 - P
main difference: no enerator comparison systematics in 25 20 15 10 05
) diff tthb g t P ystemat

CMS Pre-fit expected log_ (S/B)



CMS-PAS-HIG-16-040

JHEP 11 (2017) 047

B High purity in H—YYy and H2ZZ*—4|

vV VvV VvV Vv

very small signal yield

various ttH-enriched categories

background model extracted from sidebands

observed signal strength in CMS ttH(H—YY):

uCombined=2-ZiO.9
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ATLAS Preliminary
s =13 TeV, 36.1 fb™

—e— Total +—*— Stat

Total Stat Syst Theo
+0.6 +06 +01 +0A1
F e utop = 05 -06 [-0.5 -01 -00 ]
+0.9 +08 +02 +0.2
k @ | uVH = 0.7 -0.8 [-o.a -02 -01 }
+0.6 +05 +03 +03
H—e—-H H = 21 44 [-o.s ~02 -02 ]
+019 [ +0.16 +0.07 +0.06
- |1 @1 yggH =0.80 -0.18 [-016 -0.06 -0.05]
+0.14 [ +0.12 +0.06 +0.06
| ggH@NL0 @] ,uRun_2=0.99 ~0.14 [ 0.11 -0.05 —0.05}
117 +0.28 [+023 +0.10 +O12]
L ggH @ NNLO I @ 1 uRun1 - -0.26 0.23 -0.08 -0.08
lllllllllllllllllllllllllllllllllllllllll

Signal Strength

LH->YY, H=ZZ%x=>41 @ ATLAS/CMS 2Xiv 180204146

)

ATLAS

EXPERIMENT

(submitted PRD)

CMS Prellmmary 35 9 fb (13 TeV)

% 12 H """ EES RIS LR L LR R 7
vy ]
(2 10_ mH-1254GeV [i=1.16 ttH Leptonlc Tag ]
n i ¢ Data .
s I — S+B fit 5
) 4 i | | B component
i [ 1o i
6T * [ 1+*20 ]
4t o .
2f -
b 1
[ T | L
8 ' ' ’ * B component subtracted -
6 —
4 E
2 =
0
-2
-4 , , , , , . .
100 110 120 130 140 150 160 170 180
m,, (GeV)
= H-ovy
p results compatible with SM
predictions
p dominated by data statistics
) HoZZ—4
p upper limits (no event observed)



Pre-fit impact on p:

T 106=B+A0 0=0-A0
Post-fit impact on u:
o 0=08+A0 0=0-A0

—e— Nuis. Param. Pull

ttH cross section (scale variations)

Jet energy scale (pileup subtraction)

et energy scale (flavor comp. 2/SS)

Jet energy scale variation 1
ttW cross section (scale variations)
ttZ cross section (scale variations)
Thag identification

ttH cross section (PDF)

ttH modeling (shower tune)
Flavor tagging c-jet/thaq4

tt¢ ¢ cross section

"Non-prompt closure
modeling (generator)
t. in 4th bin of 37 SR

ttH->multileptons @ ATLAS/CMS

arXiv: 1712.08891 (accepted PRD)

B - +0.45 +0.26 +0.37
‘/ Signal strength Pe: Combined | w=1.23 /i [ Gas(stat) e (syst)]
=1.61£0.5/0.4 @ ATLAS, 11w 2 -
h -
1.220.4 @ CMS ol 52 "
p2iss "
_ 4058 |
s/ ttH signal significance: 4.10 ‘z‘l' 1'6:10-51 B
SS +
(expected 2.80) @ ATLAS, "= 0.94 '3::3 i
3.10 (expected 2.80) @ 3l i
CMS w=082"7" L
31+, i
. l=1.34+1'42 |
Good compatibility among w L
channels W =057 2% i
b 11 llllllllllllllllll lllllllll

-0.15 0.1 -0.05 O 005 0.1 0.15

UL I L L L ] I LI B B | I L I UL I UL I LI I | I LI
ATLAS
Vs =13TeV, 36.1 fb™

oy CMS-HIG-17-018 (submitted to JHEP)

|
-3 -2 -1 0 1 2 3
Best fit u(ttH)

\/ Source of uncertainties

p ttH modeling (affecting SM ttH cross section in
the denominator of J)

experimental uncertainties (jet energy scale,
resolutions, b-tagging)

non-prompt lepton estimate, lepton efficiency

10



§ (iH combined

»‘ resu,&s @ ATLAS and CMS

(tot ) (stat
{s=13 TeV, 36.1 fb1

syst )

+0.9
-0.8 7

+0.8

1.5 +1.2 (

ttH, H—1tt 1.0

ttH, H-yy 0.6

ttH, H—bb 0.8

ttH, H->VV

1 l 1 1 1 l 1 1 1 l 1 1 1 I

2 4 6 8
Best-fit u

1 1 1

o
for m,=125 GeV

m) Combiation of ttH - evidence of ttH process in
ATLAS and CMS

4

tt+HF modeling in H—bb, ttH signal modeling

for H—bb and H—Multilepton, theory
systematics (tt+HF cross section and PS)

simulation statistics is still an issue for both
experiments

experimental uncertainties are mostly
dominated by lepton fakes (ML), jet energy
scale and b-tagging

arXiv: 1712.08891 (accepted PRD)

CMS-PAS-HIG-17-026

Uncertainty source

+0,, (observed)

+0, (expected)

total experimental

b tagging

total theory

tt+hf Cross- sectlon and parton shower

SO s

+0.15/-0.16
+0.11/-0.14

+0 28/ 0 29

+0 24/ 0 28

+0.19/-0.17
+0.12/-0.11

sze ofC smles - | O 1 ) 16
total systematic +0.38/-0.38 +0.45/-0.42
statistical +0.24/-0.24 +0.27/-0.27
total +0.45/-0.45 +0.53/-0.49

A——

+0.32/-029
+0.28/-0.28

m

11

S gt

Uncertaint Sou1ce . - A Y/
£ Mo ehng n I — bb ana VSIS o TH0.15  —0.14 %/
§ ttH modeling (cross section) +0.13 —-0.06 § |
Non-prompt light-lepton and fake 7y,,q estimates  +0.09 —0.09 2
gSimulation statistics o 008 —0. .08

Jet energy scale and reso S o +0.087 —=0.07
ttV modeling +0.07  —0.07

ttH modeling (acceptance) @ +0.07 —0.04

Other non-Higgs boson backgrounds +0.06 —0.05

Other experimental uncertainties AT LAS +0.05 —0.05

Luminosity FAPERIMENT 1 0.05 —0.04

Jet flavor tagging +0.03  —0.02

Modeling of other Higgs boson production modes +0.01 —0.01

Total systematic uncertainty +0.27 —0.23

Statistical uncertainty +0.19 —-0.19

Total uncertainty +0.34 —0.30
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ATLAS-CONF-2017-045 EH Pm" du&& LON CMS-PAS-HIG-17-005

WogH ver [ wH lizH oszH [t JobH | tHgb  tHW m» Search for tH production in H—bb/
H—ML (CMS) and tH-enriched

categories in H—=YYy (ATLAS) final
states to probe anomalous couplings

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

;  tH lep Ofwd

_tHlep 1fwd |
ttr had BOTH @E ‘;h ) upper limit on tH cross sections (far
ttH had BDT2 1 .

ttH had BDT3 EXPERTMENT from SM expectation)
ttH had BDT4
tH had 4j1b
tH had 4j2b
VH dilep
VH lep HIGH
VH lep LOW
VH MET HIGH
VH MET LOW
jet BSM
VH had tight
VH had loose
VBF tignt, high p'"
VBF loose, high p*
VBF tight, low p!"
VBF loose, low p'™
ggH 2J BSM
agH 2J HIGH
gaH 2J MED
ggH 2J LOW
ggH 1J BSM
ggH 1J HIGH
agH 1J MED
ggH 1J LOW
ggH OJ FWD

1111
-

|
1

p measurement dominated by
statistical uncertainties

i - i - s

)1
p\p = '[;H + ttH —e— Observed limit (0. x BR) | 3.‘:

---  Expected limit (- x BR) | %
| H— WW/ ZZ/ TT +1 standard dev. | -
T B i & +2 standard dev. - ';' 

oL otheo. x BR (xy = 1.0)
N U A xBR(v=10) |3
. U - o> x BR (ky = 1.0) {4

0 RS T (o TeV

Preliminary

1.4

- S T L v UBT TR L e
e Sa e < < T N A R LD O TR N IA TR

L
______

agH 0J CEN I S ] / AAAAAA

0O 01 02 03 04 05 06 0.7 08 09 1

Fraction of Signal Process / Category
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studies for HL-LHC




CMS-PAS-HIG-17-031

Pros Pe&:&s on tc:-u,pi.ihgs

B [arge improvement in top/bottom

Yukawa coupling precision at
High-Luminosity LHC (300 fb-'
and 3000 fb-')

1F

CMS Preliminary 35.9 fb” (13 TeV) i
Yy LA A : srernintney ST SRty t
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------- SM Higgs boson
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) Prospects on couplings (2) - Hbb

ATLAS ATL-PHYS-PUB-2014-016

ATLAS Simulation Preliminary ATLAS Simulation Preliminary
(s =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb’

(s =14 TeV: [Ldt=300 fb" _ﬂ_dt-3000 o™

H—yy  (comb.) & |
(0))
(1)) e

(VBF-like) -
(WH-like)
(ZH-like)
(ttH'Ilke) o

—77 (comb.) "
(VH-like)
(ttH-like)
(VBF-like)
(ggF-like)
H—-WW (comb.)
(0}
(1))
(VBF- Ilke)

- H—>Z:

H—>bb (WH Ilke)

ST (VErTRE) T 0 0.05 0.1 0.15 0.2 o 25
-|—>pp (comb.) o
M _A )

(incl.)
(ttH-like) B Projection using Run | analysis strategy with expecteﬁ
performance at <pu>= [40 - all uncertainties (Run |
0 0.2 0.4 experimental/theory systematics) and no theory

A[l/ H uncertainties
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CMs-PAS-FTR-16:002  Prospects on couplings (3) - EtH

B Projection on top-Yukawa couplings by extrapolation from Run 2 analysis

p  Sl+:systematics uncertainties kept same as Run 2 with presence of high pile-up and detector
improvements, S2+: systematics scaled wrt Run 2 analysis (theory— 1/2, experimental = « /L)

\/ H—YY and H=ZZ*—4l are currently statistically-limited, multilepton will soon be systematically-

limited and H—bb requires a lot more thoughts about ttb modeling already now in order to
improve the current results

§ CMS
S L — I

H—Z2Z" - 4]

Projection
1 1 1

+ 0.02 (stat.) = 0.04 (exp.) = 0.07 (theo.)
+ 0.02 (stat.) = 0.03 (exp.) = 0.03 (theo.)

1 ] | | | I 1 | | ] |

- ECFA16 S1+ —— ECFA16 S2+

0.4 0.6 0.8

. Expected uncertainty §

3000 fb* (13 TeV) 4

-

" CMS Projection 300007 (13TeV) |

Illlllllll'llllllllllll'llll

ECFA16 S1+
ECFA16 S2+

+ 0.01 (stat.) = 0.08 (exp.) = 0.06 (theo.)
+ 0.01 (stat.) = 0.02 (exp.) = 0.03 (theo.)

llllIllllIllllllllllllll

-0.1 0 0.1 0.2 0.3 0.4 0.5 3
_Expected uncertainty
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Prospects on H->3/yy @ ATLAS @

ATLAS
ATLAS-PHYS-PUB-2015-043 FXPERIMENT
m Higgs couplings to charm quarks - sensitive to — e e L A B
. > - : : ]
BSM physics 2 900E ATLAS Simulation 3
Y - Preliminary .
p extrapolation from Run | results to 300 fb-! — 800 (s=14 TeV, 3000 o' =
and 3000 fb! at 14 TeV %) - e Data (Bkg. Only) 1
g 700 S4B Fit E
P same analysis selection to identify |/QYy W 600 %E{aggﬁu:?oo =
candidate as in Run | 5005_ [JZSignalx 10 3
p using multivariate discriminant trained to 400F 3
h ignal itivit : -
enhance signal sensitivity 3005 E
- BDT with photon and di-muon pt + Y and 200F- 3
M isolation included as inputs 100E 4
M M M M 1 1 1 I 1 1 L l 1 L 1 I | 1 1 I 1 L 1 I 1 1 1
P main source cf:f background is inclusive | 60 80 100 120 140 160 180
production of J/\P and a reconstructed high m,., (GeV)

energy photon

Expected limit on

imult fit of t
p simultaneous fit of m(UHY) vs pt(HHY) 0(pp— HYXBR (HoJ/0Y) [fb]

Integrated luminosity

) for 3000 fb-! = 95% CL limit on ] .
O(pp—H)XBR(H—J/py) is ~ 15XSM [ K 300D 8.6"24 37

3000 fb"! 2.5%07

17



TDR-17-001 ATLAS Pixel TDR

Prospects on VHbb

m) ATLAS and CMS working on Run 2 extrapolation for HL-
LHC (3000 fb'' @ 14 TeV)

- 9

o7 e e e e e P ey e e I Yo e b P ) e e e e

CMS Phase-2 Simulation Prellmmary s
[t jetp, >30Gev T B
p very significant improvement in b-tagging performance ,

expected for HL-LHC (ATLAS and CMS Technical Design
Reports)

g jet misid. probability §
=

_‘uds
=)

B |mplication of systematic uncertainties in extrapolation

p signal and background modeling systematics currently
dominant in Run 2 (e.g.V+jets and tt modeling)
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p experimental uncertainties (b-tagging, |JES/JER)

m‘rzc;s..bﬁf:{t'é.tudies on Run | extrapolation at 3000 fb-! by

ATLAS (<p>=140) — ~ 9.60 significance (10% and 5% of
the JES uncertainty for Scenario | and Il)
&—)/\(’) ATLAS-PHYS-PUB-2014-01 | 102}
AI;%@NST One-lepton | Two-lepton | One+Two-lepton
Stat-only Significance 15.4 11.3 19.1
[Istats €ITOT +0.07 - 0.06 | +0.09 —-0.09 +0.05 —-0.05
Theory-only  fitpeory €rror | +0.09 —0.07 | +0.07 —0.08 +0.07 - 007
Significance 2.7 8.4 8.8
Scenario I fiy/Theory €rror | +0.37 —0.36 | +0.15 —0.15 +0.14 - 0.14
Pwo/Theory €rror | +0.36 —0.36 | +0.14 —0.12 | +0.12 - 0.12
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Wrapping-up
B Very rich set of results on charm, bottom and top Yukawa couplings from ATLAS, CMS and LHCb
with Run 2 data

p reached evidence (CMS and ATLAS) of H—bb and ttH top-Yukawa couplings (H—bb, H— multi-
lepton, H=YY and H—=ZZ*—4l), search for boosted H—bb (CMS)

p charm couplings currently extracted from H—}/y (Run | analysis) and VH—cc (LHCb and
ATLAS)

B Results for top and bottom Yukawas for HL-LHC are getting available
p analyses mostly rely on Run 2 extrapolation with dedicated set of systematic uncertainties

p most of the couplings will reach very good precision at HL-LHC

B ATLAS, CMS and LHCb also working on prospect studies for VH—cc
p  ATLAS and CMS focus on extrapolation studies from Run 2 analysis at 3000 fb"!' @ 14 TeV

p additional studies on LHCb not based on Run 2-extrapolation

B |mpact of systematics uncertainties need to be accounted for in these prospect studies

p implication of advanced experimental reconstruction techniques and corresponding uncertainties
may change the picture quite a bit
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7Tev 8TeV

The High-Luminosity LHC program
LHC / HL-LHC Plan

(W [

= High
P Luminosity
_ LHC

LS1 14 TeV 14 TeV
13-14 TeV energy
injector upgrade 5to 7 x
splice consolidation cryogenics Point 4 nomina
button collimators dispersion toractx F,. HL-LHC installation luminosity
R2E project suppression regions ———
e ' 5 '_"'.-A ‘ R collimation ﬂ
oo P s Pae » mmmmnn@
v X
TSR radiation
A damage

experiment upgrade

Peak luminosity (cm™ s') [ p (pile-up)

Current 1.3 103 25
HL-LHC baseline 5.-1034 | 40
HL-LHC ultimate 7.5- 103 200

experiment upgra jphasc 2

luminosity &

| ) . .
' ® |ncreased instantaneous luminosity
and mean number of interactions

per bunch-crossing (pile-up)

® |Integrated luminosity collected
during HL-LHC ~ 3000 fb-!

Precision measurements on the
Higgs sector (couplings, self-
couplings,VBF production), rare-



HL-LHC environment and object per{ormam:e
\/ Very challenging environment at HL-LHC — detector

requirements to maximize benefits from high luminosity
p large integrated radiation dose
p mitigation of pile-up effects

p sustain large event rate with more sophisticated
trigger and data acquisition systems

Tracking efficiency

s/ Important to keep good control over performance of
physics objects (identification and reconstruction,
background rejection)

p track resolution, pile-up jet rejection, background
rejection for b-tagging, identifications of electrons and

photons
CMS-DP-2016-065

udsg-jet misid. probability
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SjsEemaﬁit uncertainkies

Uncertainty source A
tt + >1b modeling 0.46 —0.46
Backeround-model stat. unc. +0.29 —0.31

b-tagging efficiency and mis-tag rates

Jet energy scale and resolution

+0.16
+0.14

—0.16
—0.14

tt H modeling +0.22 —0.05
tt + >1c modeling +0.09 —-0.11
JVT, pileup modeling +0.03 —0.05
Other background modeling +0.08 —0.08
tt + light modeling +0.06 —0.03
Luminosity +0.03 —0.02
Light lepton (e, p) id., isolation, trigger +40.03 —0.04
Total systematic uncertainty +0.57 —0.54
tt + >1b normalization +0.09 —-0.10
tt + >1c normalization +0.02 —-0.03
Intrinsic statistical uncertainty +0.21 —0.20
Total statistical uncertainty +0.29 —-0.29
Total uncertainty +0.64 —0.61

\/ Analysis is largely systematics-
limited (~62% total uncertainty on
the ttH signal strength)

P  main source is tt+= b modeling

p large contributions on available
Monte Carlo statistics

- mostly relevant for the
largest systematics
uncertainties (tt+=|b)

p experimental uncertainties
contributing less, b-tagging and
jet energy scale/resolution

\/ Work ongoing to reduce the
dominant tt+HF uncertainty

p data-driven approaches to
estimate tt+HF component

p SM g—bb cross section

measurement

A—

‘w

{
1
s,
E
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Signal and control region - single LQF?&QM

‘/ Requirements on b-tagging discriminants for jets in the event defined to split phase-space and create
signal and control region (=5 jets and =6 jets)

p control regions (CR) enriched in reducible background

p signal region (SR) enriched in signal and reducible background (tt+= Ib)
p  signal purity in ultra-pure signal region: 1.6-5.3%
P highest purity regions in single lepton >6j with 4b very tight b-tags
p control region dominated in tt+> | c and tt+light and created by loosening requirements on b-
taggin
N s6ihne [ ]t +light []Jtt+2>1c [t +2>1b
‘: saing | Single lepton, =6 jets @i+v  [ONontt
(.3)
(+.3)
(5 3) CRi7+1ight

(4, 4)
CRi1s CRi1>1c / \
\
4

(5.5) | SRy SR> SRs .

(5.5) (5.4) (5.3) (5.2) (4.4) (4.3) (42) (3.3)(3,2) (2.2) (5,1) (41) (3, 1) (2,1) (1,1) (3", 4'h) jet
b-tagging

* Constrain background uncertainties and measure ¢

normalization of background components (ttb, ttc)

in CR, extract signal component in SR
EERR——— "‘-".d




CMS resulks EEH(HDD)

35917 (13 TeV)

) ) ' l | 1 1 l 1 ' ) I ! I !
CMS Preliminary
: 1) tot stat syst
: L o +1.21 4063 +1.04
Dilepton|  +—+—&— { 024 % 60 +0.95
- | +0.52 4027 +0.44
ingle-lepton Biin 0.84 520 oo 049
Combined H-I-H 0.72 "0 0o "o
o , T Uncertainty source +0y, (observed)
) 0 2 < 6 :
total experimental +0.15/-0.16
Best fit u = olo_ atm, =125 GeV
‘ b tagging +0.11/4.14
jet energy scale and resolution +0.06/40.07
total theory +0.28/4.29
tt+hf cross-section and parton shower  +0.24/-0.28
size of MC samples +0.14/40.15
total systematic +.38/4.38
statistical +024/4.24

total +45/40.45




Events

10°

10

CMS resulks EEH(ML)

35.9 fb” (13 TeV)
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& Observed Mtz
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EEH(H->Z2*, WW*, 7 7) - backgrounds (ATLAS)
s/ Prompt-leptons or T-jets estimated from MC
p irreducible: ttWV, ttZ and diboson

\/ Electron charge misidentification

p data-driven estimate from misidentification rate in Z—e+e- vs Z—e+e+/Z—e-e-
\/ Fake or non-prompt light leptons

p semileptonic b-hadron decays and photon conversions

p data-driven estimation
\/ Fake hadronic taus

p light-flavour jets and electron misidentified as taus

p data-driven estimation in CR; extrapolation to SR
\/ New important reconstruction techniques

p lepton reconstruction

p BDT to mitigate charge misidentification

p BDT to mitigate non-prompt e/[
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EEH(H->Z2*, WW*, T 7) - fiks

c 1055 | T T l l T Dt] l l-tflll T
o) : ¢® Llaia
g | ?‘TL?cf TeV, 36.1 fb ) (W —
5 apal 1= 10 18¥; S0, [ Diboson [ Non-prompt
10% E g
b  Post-Fit B g mis-id [] Other
- Bl Fake 7, _, 7/, Uncertainty
e
o
o
<
1)
-

‘/ 8 signal regions and 4 control regions treated with BDT shape or |-bin (BDT trained against dominant

background of a given region)
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VHbDb - background modeling uncertainty @ ATLAS/CMS

=) Monte Carlo for description of signals
and background (multi-jet is data-driven)

D uncertainties are extrapolated across
regions and parametrized as
uncertainties on ratio of yields

p Shape uncertainties on BDT output
are extracted for m(bb) and pt(V)

B Uncertainties derived on comparison of
MC generators for background
processes or data/MC checks in analysis
control regions

P no large overconstraints of
background nuisance parameters

B Similar approach to evaluate uncertainties
on background modeling in CMS

p comparison of different MC generators -

shape systematics extracted as difference
of BDT shapes

p for V+jets, the difference between shapes
using MadGraph5 aMC@NLO at LO
and NLO are considered

p for ttbar, difference in shape between
nominal Powheg vs MC@NLO

p variations of internal scales (QCD/PDF
scales)
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