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Introduction

Fermion masses emerge in the SM through Yukawa couplings between

the Higgs and fermion fields:
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Higgs coupling to fermions is proportional to fermion mass — behaviour

distinct from gauge couplings

Higgs couplings to fermions
are strongest for the 3rd
generation
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Higgs production and decays

gluon fusion
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Four main
production
modes: ggF,
VBF, VH and
ttH

Main fermions
decay modes:
bb and tt
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VH, H—bb

51" (7 TeV) + 19.8 fo" (8 TeV) + 77.2 b (13 TeV)
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Ne) - ATLAS —e— Data E e Observed
(?) 1 8: \s=13TeV, 79.8 b Il VH, H - bb (u=1.06) ] \(/;;MHibB — 110 (stat @ syst)
v 1QF 0+1+2leptons Diboson — P e A ARABT A mana o usa 2016
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m,, [GeV]
Most sensitive channel: VH, H—bb
Require two b-tagged jets and 0/1/2 leptons, for Z—vv, W—lv and Z—l|

Cross check with W/Z + Z—bb background
ATLAS: observed VH prod.

Run 1+2 | obs. (exp.) significance when combined with H—41,yy

ATLAS 49 (5.1)o Run 1+2 | obs (exp) significance

CMS 48 (4.9)0 VH prod. 5.3(4.8)0




H—Dbb

Search for H—bb is also done in ggF, VBF and ttH production modes

[ PLB 786 (2018) 59 | [ PRL 121 (2018) 121801 ]
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All production modes for for H—bb combined for the observation

Run 1+2 obs. (exp.) significance signal strength p
ATLAS 5.4 (5.5)0 1.01£0.12(stat)"y 5 (syst)
CMS 5.6 (5.5)0 1.04 +0.14(stat) = 0.14(syst)
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ttH combination

[ PLB 784 (2018) 173 ]

ATLAS

e Total Stat. [ Syst. — SM

Vs=13TeV, 36.1 - 79.8 fb™

Total Stat. Syst.

ttH (ob) :%: 0.79+ ooy (% g% ,+0.53)
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80 fb-' data was used for ATLAS

H—4l,yy
ATLAS | obs. (exp.) significance
Run 2 5.8(49)0
Run1+2 6.3(5.1)0
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[PLB 779 (2018)283] 359fb™" (13 TeV)
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Dominant backgrounds are Z—tt and jets faking taus (QCD, W+jets). Itis
MC based but validated with dedicated Z—I1l CRs
Main signal regions considered: VBF and Boosted. CMS also has 0-jet for
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H—o1tt

[ arXiv:1811.08856 ]
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ATLAS: 1D fit to Tt (MMC) mass,
with multiple SRs

[ PLB 779 (2018) 283 ]
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CMS: 2D fit to 7= mass vs m; (VBF)
and Pr (Boosted)

CMS | obs. (exp.) significance

ATLAS | obs. (exp.) significance
Run 2 44 (4.1)0
Run1+2 6.4(54)0

Run 2 49 (4.7)o

Run1+2 5.9 (5.9) 0




STXS of H—»1tt & H—bb

From Run 2, moving from
signal strength (p = o/ogy)
to Simplified Template
Cross Sections (STXS) in
fiducial regions per
production mode, split into
e.g. jet bins, p(H) or p1(jet)

Starting to exploit the
differential information for
EFT search, beyond the
Kappa-frame

Depending on data statistics,
separate in stages (0,1,2...)

H—11: “reduced” stage-1
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Process Particle-level selection o [pb] oM [pb]
ggF Nigis 2 1, 60 < p{? < 120GeV, |yy| < 2.5 1.79+0.53 (stat.)+ 0.74 (syst.) 0.40+0.05
ggF Nigts 2 1, p{! > 120GeV, |yy| < 2.5 0.12 +0.05 (stat.)+ 0.05 (syst.) 0.14+0.03
VBF lygl < 2.5 0.25 £ 0.08 (stat.)+ 0.08 (syst.) 0.22 +0.01
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VH, H—-1t
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— S s59’(3T
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=
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2 0 s L .

Best fit u = G/GSM

Require OS leptons + 1t (any decays) for ZH, and SS leptons + 1, ,, for WH

Largest backgrounds from di-boson
and fake

Likelihood fit to reconstructed m__ in
ZH and m,in WH

CMS obs. (exp.) significance
VH 23(1.0)o
VH+ggH+VBF 5.5(4.8)0

11



50t (7 Tev) + 19.8 ™ (8 TeV) + 35.9 b (13 TeV)

> 8000 T T T T T e == = r
1 ATLAS Preliminary . K 95_ CMS Preliminary —e— Observed
g 7000 Non-central hlgh p”” \s=13TeV,79.8 fb_1 _: B = . 2 AR~ A~RAA~ 1 T Expected background only
E goooll X7/ndof = 37.5/48 H-sup analysis E § 8;— [ arXiv:1807.06325 ] -
50005_ —e— Data _E E 75_ ------ 120
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4000 - O E
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ol 2F E Good dimuon mass resolution, but
11015920 125 130 135 140 145 150 155 160 large Drell-Yan baCkground

m,, [GeV]

Background shape extrapolated from data sidebands. Categorize events
by muon p; resolution, and targets VBF production using a BDT based on

di-jet variables,

for optimal results

Data luminosity obs. (exp.) upper limits
ATLAS Run 2 (79.8 tb™) <2.1(2.0) x SM
CMS Run 1+2 (24.8+35.9 fb™1) <2.92 (2.16) x SM
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Events/bin

Higgs LFV decays

«10° 35.9fb" (13 TeV)
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BDT discriminator

35.9 b (13 TeV)

CNiS —¢— Observed |:| Z-w

u-c 2 jets VBF [l Z—ee/uy [ tit+jets
7] Diboson [ | W+jets,QCD
[ SM Higgs = H—prt (B=20%)
[ Bkg. unc.

-0.4 -0.2

BDT discriminator

« Search for H—et and H—pur using lep. and

had. tau decays

* Main backgrounds are Z+jets and jets faking

taus

» Use BDTs to classify signal and background
in 8 SRs per final state, depending on Nig

obs. (exp.) upper limits on BRs

H—et

0.61% (0.37%)

H—purt

0.25% (0.25%)

e, 0 Jets
0.51% (0.43%)
e, 1 Jet
0.53% (0.56%)
be, 2 Jets
0.56% (0.94%)
m:h, VBF
0.51% (0.58%)
nt, 0 Jets
1.30% (0.83%)
pr, 1 Jet
1.34% (1.19%)
ut , 2 Jets
2.27% (1.98%)
pt, VBF
1.79% (1.62%)

H-ut
0.25% (0.25%)

nt, 0 Jets
0.51% (0.43%)
ne, 1 Jet
0.53% (0.56%)
ue, 2 Jets
0.56% (0.94%)
we, VBF
0.51% (0.58%)
ut,, 0 Jets
1.30% (0.83%)
pt,, 1 Jet
1.34% (1.19%)
ut, 2 Jets
2.27% (1.98%)
ut, VBF
1.79% (1.62%)

H-ut
0.25% (0.25%)

CMS

[ JHEP 06 (2018) 001 ]

35.9 b (13 TeV)

h—yrt: BDT fit
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95% CL limit on B(H—ur), %
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h—put: BDT fit
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X Median expected
- 68% expected N

x
l ] 95% expected
x

0

2 4 6 8 10 12 14
95% CL limit on B(H—u1), %
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Higgs-top FCNC and tH prod.

[ ATLAS-CONF-2018-049 ]

Recent ATLAS search limits for t—Hq with H—yy
or HH-WW/ZZ/tt (21epSS or 3lep), H—bb and 1

Obs. (exp.) BR(t—uH) (%) | Obs. (exp.) BR(t—cH) (%)
H—bb 0.52 (0.49) 0.42 (0.40)
H—1t 0.17 (0.20) 0.19 (0.21)
Comb.
with ML 0.11 (0.083) 0.12 (0.083)
and yy

Single top+Higgs sensitive to Yukawa y, and gy
couplings. With SM g,,, CMS exclude yt<-0.9ytSM

S ABBARAREERRRARRERRRA
H—bb [~ l‘ —
H—zt (TiopThad Thad¥had) | ‘i |
. . ATLAS Preliminar
H—-WW*tt,ZZ* (2¢55,3¢) — I /s = 13 TeV, 36.1 %)_1 _
; BR(t—Hu) = 0
H-yy i |
: — Observed
: == Expected £ 1o
Combined | i === Expected + 20 _
.E|..m.u|‘H.m..m.u‘|m.m..m.m|m.><10_3
0 1 2 3 4 5 6 7 8 9 10

CMS

5.0

95% CL limit on BR(t—Hc)

35.9fb~" (13TeV)

pp — tH B
[ H— WW/ZZ/77/bb/yy
40 kv=1.0, =10

35
3.0 -

25

o> BR [pb]

[ arXiv:1811.09696 ]

—e— Observed limit

---- Expected limit
68% expected
95% expected

—— ofleo x BR
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Events/2.0 GeV

Data-Fit

Hﬁee [ PLB 744 (2015) 184 ]

s0H= 9*?'| e 19'-7.ft|>".(§ TeV) 014H—>e+e' 19.7 fb™' (8 TeV)
E 2_jet Tight CMS E g . -I ' 1 1 1 1 I I ] I T I T 1 T 1 I I-
o5 B pata = — - CMS —e— Observed limit
C - D - —
- Background model . +c|> 0.12 - -+ Median expected limit
o0 sMHiggsbosonx 10° ] 1o F Bl 1o oxpected imit ]
15 _: ig . +2 o expected limit ]
E S 0.08 .
10~ = £ X i
: \ l ; = 0.06- -
5 s ]
_ Nt S ]
- ' 4' E —0.04 -
Oy o e P L. ®) B N
i ~ R N :
'S & 0.02[ .
= 05 - i
° 08 N
1'-51 0 -I l 1 1 l 1 1 I 1 1 1 I 1
o . . L L 120 130 140 150
%10 120 130 140 150 160
Mee [GeV] my [GeV]

Divide events into 0/1/2-jet categories. The 2-jet is for VBF prod.

The 0/1-jet are further divided into Barrel and non-Barrel categories
Upper limit for B(H—ee): 0.0019, which is 3.7x10° times the SM pred.
Unless the branching fraction is enhanced by New Physics, impossible
to reach SM sensitivity at the (HL)LHC
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T T T LA L |
ATLAS Simulation
_ 7 = c efficiency 41%
\E =1 3 TeV, LI c efficiency 30%
= = = ¢ efficiency 20%
o 41% efficiency WP

Light-jet rejection

10

L L PR R, Vi |
3 4567810 20 30
b-jet rejection

« Search for ZH—l1l+cc

H_)CC [ PRL 120 (2018) 211802 ]

o
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N
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Events / 10 GeV

Data/Bkgd.

LA L B B B R B L L B B L B
¢+ Data
10* ATLAS ---- Pre-fit
Vs=13TeV, 36.1 fb" — Fit Result
2 c-tags, pfz150 GeV I Z+jets

[t

mZz

mzw

[ ZH(bb)
— ZH(cg) (100xSM)

10°

IIIIIIII T T 1T

10?

1 1 llllllll 1 llllllll 1 lllllIlI 1

10

1 11 1 III|III IIIIIIIIII |II
60 80 100 120 140 160 180 200

m . [GeV]

« c-tagging working point: efficiency 41% with b-jet rejection ~4 and light-

jet rejection ~20

* The upper limit (2.7 pb) is
~110 times of the SM
pred. (25.5 fb)

ATLAS

obs. (exp.) upper limits on o0xBR

Run 2

2.7 pb (3917, pb)
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Hcc vertex

The Hcc vertex can be probed with the Higgs
radiative decays: H—J/y+y, y(nS)+y

Direct and indirect contributions to Hcc vertex:

= + Data

- == Background fit +1o ATLAS ;
100 .Combmatonc Vs=13 TeV, 36.1 fb’
[ =ZFSR

[ Dw(nS) background

80 [IB(H—= y(nS)y)= 10 \

L @B(Z— v(nS)y)=10°

Events/0.05 GeV

/%
Bo— -
po—— - -
direct indirect 2l % 150 4 +++++++4+++++++*~**++++*++++++++++“&
[ PLB 786 (2018) 134 ] 8 222242628 3 3234 3.6 38 4 4.2
. m,.,- [GeV]
ATLAS obs. (exp.) upper limits on BRs - _LPLBO9(2018)024]

i S eof ATLAS 3

H—>J/\|I+'Y 3.5 ( 3.0_0.8 )X1 04 § 50; F_13+T%\;t:61 b ]
+7.7 -4 ‘qc'; - “thr::gi?:g?i ;it +lo

H—wy(2S)+y 19.8 (15.67,, )x10 g £  Conbinatorc 3
T . . u ==Z7FSR 3

SM predictions of the BRs are ~10%, which is sob- B4 winh-=10; -
~100 times smaller than these limits : ]
20— -

[ arXiv:1810.10056 | - .
10 ]

CMS obs. (exp.) upper limits on BRs ST AT bl

2 1 b AR AT
H— Aty 7.6 (52775)%x10 D o ST T

8 50 100 150 200 250 300

[GeV]

Moy
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Events /1 GeV

Data / Fit

HSS/HUU/Hdd Vertlces [ JHEP 07 (2018) 127 |

T | L L L L L IR %1000'_| T L L L L R
250 — ATLAS _ O B ATLAS 7]
C (s=13TeV, 35.6 fb™ ] E i {s=13 TeV, 32.3 fb ]
B ] ‘g 800_— ]
2001~ ~ o [ i
_ i 600— —
150_— ] ~ n
100— ¢ Data 7 400— 4 Data
: —— Background Fit 1o ? : —— Background Fit =10
=By - Background - - Background
50 [ ] B(H—0y)=4.8x10" 200— [ ] B(H—py)=8.8x10*
/) [ B@z—¢y)=0.9x10° y [ B(z—py)=25x10°
1.2F ; } ; + + = 1.2 ‘ ve b
1w ++ +++’ ++++++++ ++++ +++++++++ ++++ ; S ] +++++ A A AR RS AR :d*
o8t |+t ' . , . £ 08F _ , . _ .
80 90 100 110 120 130 o 80 90 100 110 120 130
Mgy [GeV] M.y [GEV]
H—¢y— KKy with BR(¢—KK)~50% H—py—nmy with BR(p—nn)~100%

¢y and (py) trigger was introduced in 09/2015 (05/2016)

obs. (exp.) upper limits on BRs SM pred.

H—¢y 4.8 (4.275)x104 (2.31£0.11)x10%
H—py 8.8 (8.4 )x104 (1.6820.08)x 10




Summary

Disclaimer: results selected have personal preferences (Run-2 and latest
ones). Not all results are shown in the talk

Measurements of Higgs couplings to fermions are very important for
precision determination of Higgs property

« Observations of Higgs couplings to the 3" generation fermions (t, b, 1)
established — differential measurements is becoming possible

 Measurement of Higgs couplings to muons is improving with more data

« Higgs couplings to other fermions in the 15t and 2"d generations are
challenging, and upper limits comply with SM predictions

Results will be updated with full Run 2 data. Stay tuned
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