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B Higgs—Fermion Coupling
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* Higgs boson was discovered in 2012
by ATLAS and CMS

— Next: precise understanding of
its properties

* Yukawa interaction =—
— Origin of the fermion mass in SM

1
L = _ZF,MVFMV

+il/)¢l/) + h.c.

————_

— Butis it the full picture?

e LHC has provided O(107) Higgs bosons
Only Higgs factory currently in operation

— Higgs coupling to all of the 3rd-gen.
fermions have been confirmed

— Measurements for the 2nd-gen. fermions
are also being pursed
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B Recent Measurements at ATLAS

* 4 main production processes at LHC

— Different measurements use different signatures
LHC Run-2
(2015-2018)
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M(H)= 125 Geéé—:,,,GIuon-gluon fusion (ggF) )

* Large x-sec

LHC HIGGS XS G 2016

|

- VVector-boson fusion (VBF)
* Two high-pr jets to
opposite n >

I | ll

e Clean signature thanks to
an additional W or Z

ttH production

' e Direct coupling to t-quarks
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~H — 1T, uu

Vector-boson association (VH) H — bb, cc
N

VBF is also
being tried

Phys. Rev. D 98
(2018) 052003

Results use 36.1-79.8 fb! recorded in 2015-17 (/s = 13 TeV)
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B H - t7: Analysis Strategy

* Cleaner signature compared to other fermionic final states

— Still reconstruction of two 7’s is challenging

e Three different di-t final states

___ Channel | BR
T-> hv, T > hv ~42%
T-o hy,T-olvw ~45%
Tolvw, 7o lvw ~12%

7 - 17/ fake 7  mp Different analysis
7 — trhfake T optimisation is needed
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Main irreducible % ?<I1 Q T | T T T | T T T I T T T T T T | T T T ]|
background GO gol- ATLAS Simulation A AR
o . Vs=13TeV, 36.1fb"" wees VBF _
v L All channels combined g—>tmd 4
. . . (- —— booste |
* Missing mass calculator to obtain ¢ - VeF ]

Di-T mass | Nucl. Instrum. Meth. A 654 (2011) 481 | g .
— Recover missing kinematics § 40 i

— Method provides best m; resolution
— Discriminating variables in the fit

T T T | T T T 1 T T T |
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B [ - 17. Results
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 Z(— t7) + jet to be precisely understood
— Kinematics affects m,, shape
— Itis checked with Z(— [l) + jet samples
- MC distributions agree with data within generator uncertainty (Sherpa)

* Run-1+ 2:6.40 observed (5.40 expected)
— ATLAS standalone observation of H - 17T
— STXS is also measured



| Phys. Lett. B 786 (2018) 59; 79.8 fb | 6/12

B H - bb (VH Production)

* Huge background from pp — bb (g, = O(107) times oy_pp!)
— Use the VH process

— Small x-sec but much cleaner thanks to V decaying leptonically

* Event categorisation based on Nieptons
0-1| [1-1| |2-

V [ [
or or

> : I T T T T I T T 7T T L L L | TT T I T T T I T T T T I LI :

4 14 l 3 - ATLAS - \r;:taH bb (1=1.16)
0 " Ys=13TeV,79.8fb" B VH, H = bb (1=1.16) 4

b A [ 2 jets, 2 bt Diboson 3
» E epfans }e S, ags - Z+jet3 3
= ft .
2 Single to 7]
T 4q2 ingle top

B Wijets

Uncertainty
----- Pre-fit background

* Multivariate analysis based on BDT *02;? Vi H b 0
— Inputs from kinematics: my,, pr of V, ... 10—
— Main backgrounds are normalised by 1_
control region measurements 5 15 ; T —
in combined fit E: 0_51 e T*H»#ﬁ# +Ht |.T\\\\»:\\E

100 150 200 250 300 350 400 450
pY [GeV]
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B [ — bb: Results
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Events / 10 GeV (Weighted, backgr. sub.)
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- Vs=13Tev,79.8f"  § 80 2dets 2btaus 1 Single top .
r ’ 3 Dijet mass analysis Il W+jets
— 0+1+2 leptons D [ Weighted by Higgs /8 V-ﬁflﬂew | ]
, p 2 L ncertainty ]
- 243 jets, 2 b-tags 5 % +eer. Preit background
- Weighted by Higgs S/B g F et —VH,H - bb x5
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- VBF+ggF

ttH

VH

Comb.

T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T T T | T T T T
ATLAS H—bb \s=7TeV, 8 TeV, and 13 TeV
Total s 4.7 " 20.3 b, and 24.5-79.8 fb’
— Tota tat.
Tot. ( Stat., Syst.)
. +1.16 +1.01 +0.57
F ® - 1.68 'y (Dioos 051 )
+0.56 +0.28  +0.48
=== 1.00 -0.54 (—0.27 » -0.46 )
+0.22 +0.14 +0.17
L4 0.98 55 (Z5141-016)
+0.20 +0.12  +0.16
I-T-l 1.01 5 (0425015 )
- | J Lyvyy | |

o 1 2 3 4 5 6 7

H

H—bb

* Observed significance of 4.90 in VH (4.30 expected) @I

Combined with Run-1 result and all the processes,

First observation of H — bb with 5.40 achieved (5.50 exp.)

* STXS results on VH(bb) [ATLAs-CONF-2018-053 |




B ¢tH. Measurement Strategy

* ttH to measure the top-Yukawa coupling g 55500

— H - ttis prohibited
(my =125 GeV < my; = 346 GeV)

— Small cross-section due to three massive
particles

— Various Higgs decays are used
Results in

< t
+-—>—— H
g " 000000 > t
2018 H->tt WW*ZZ*

BRsy, 0.23% 1.2 x 10
Latest result 79.8 fb1 79.8 fb1

58%
36.1fb?

12.5%
36.1fb?

|Phys. Lett. B 784 (2018) 173|

Phys. Rev. D 97
(2018) 072016

Phys. Rev. D 97
(2018) 072003

A\ J \

J

~
Good S/N

~

Large BR

* H - multi-lepton and H — yy are sensitive channels
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B ttH: H - vyy

* (Categorisation depending on t-quark decay

= Chamnel | adronic | teptonic__

Requirement >2 jets + 2 b-jets 2 b-jets
0 [ (isolated) 1 [ (isolated)

Targettedt decay t—->bW(->qq) t—- bW (- qq)
t->bW(—>qq) t->bW(>lv)

* Main BG: jets + Yy background

E 1:I LI | T T 1T | L TTTT TTTT T 1T | TTTT | T T TT | T T TT | T I::
§ T ATLAS —— Data Sideband ]
i - Vs=13TeV,79.8f"  c.;NontiHHiggs | 7
O | Had region [ tH i
S .

= - |

I [ BG with tt populates in SR
107 [ —e— o o o . —]
F - (distinguished with m,, ) %
[ e i
Becomes background if - o |
y¥Y mimics a Higgs boson | P
. ey . A I IR AT AT AT I AP AT L
and jets as a tt pair 0 01 02 03 04 05 06 0.7 0.8 09 1

BDT Output
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B (tH: Results

Run-2 combination

> 1 ’ I ! ! ! ! I ! ! ' ! ! ' ' ! I ' ! H q _: T T T T T T T T T T T T T T T T T T T T T T
2 355 4 Da ATLAS VY - amias ! | ! '
o) 30: -------------- Continuum Background |s = 13 TeV, 79.8 fb” . (5 - 13 TeV. 36.1 7é—;;|b-1Tolal Stat. [ Syst. == SM
o — ) ) - 5= eV, 36.1 - 79.
= e Total Background m, = 125.09 GeV B Obs. Total  Stat. Syst.
u 925 —_ —— Signal + Background All categories _‘ o | ot 0.0
'g, E In(1+S/B) weighted sum E tH (bb) = ik 1.4g 079+ a0 (* 0z »+0.53)
o al i by
z 20p Signal 1 | 4 (muttilepton) HE===14.10156+ 0% (& 3% .+ 02
T =
e 19F 1| fHaw o= 4.10 139+ 0% (+ 0% .+ (%)
= C ]
w C ]
105 + = iH(@Z2) 0.00< 1.7 at 68% CL
5:— ¢ + T + ; * + l H Combined H===H 5,80 132+ ;% (£0.18,+ %)
:‘ PN ST T TS T S T T T B ': PR S R TR AT TN T S NSNS S TN A ST SNT SN NS SO SN S NN N
110 120 130 140 150 G \1/?0 —1 0 1 p) 3 4
e SM
My O O

* First evidence of the ttH(— yy) process
— Observed significance is 4.10 (3.70 expected)

 Combination with other three channels (Run-1 + 2):
6.30 observed (5.1c expected)

Observation of the ttH production at ATLAS
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B Second Generation: H = uu and cc /

* BRs are small because of small mass
— H - pu has clear di-u signature but small BR: BRgyy = 2.1 X 10™*
— H — ccis very difficult in c-jet separation from b- and light-jets
(Repurposed ZH(bb) analysis with c- tagger mstead of b tagger)

> il \ \ \ I N > CT T | | | | -
Eb.j —_ATLA-S Prellmlnary B H :Ll_‘u, 8 10¢ = ATLAS + E?;am H CE:
g S0 VBF tight Vs =13TeV, 79.8 " — 2 = (s=13TeV, 36.1 fb" — Fit Result 5
= y2Indof = 31.2/48 H—suu analysis _ 7 — 2 c-tags, p% 2150 GeV -ﬁ + jets -]
L — — = .
40 —e— Data = § 103 = EZZ —
Bgckground ; Ll E =§VH\';I:E) 3
30C Signalx 20 - n — ZH(cT) (100xSM)
- . 10° =
20— - =
10; . 10 i
0:\
= 1
4= +
Slg 2%
8 ol %# +++++; ++;+*+*+**+++ﬂ+#++ﬂ+ : H# Y .
ole 2= 5 1.0E
s - RN RN
110 115 120 1251307 135 140 145 150 155 160 B 0B e 140 160 180 200
[ATLAS-CONF-2018-026; 79.8 fb-!] M 1S [Phys. Rev. Lett. 120 (2018) 211802; 79.8 fbl] m . [GeV]
1 <2.1(95% C.L.) 1< 110(95% C.L.)

Confirmation is possible by high-lumi. LHC (2026-) | ATL-PHYS-PUB-2018-006 |
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B Summary and Prospects

ATLAS-CONF-2018-031 |

Results from 36.1-79.8 fb'1 data are

El: - ATLAS Prel|m|nary | i

= E Vs=13TeV,36.1-79.8 0" z,.*'3

presented at /s = 13 TeV b j’ifj__‘f‘ﬁ‘-gz Gov, | <25 Y
v 1 ,15_ ggs boson —g

— Most of them are included in the latest - - E
experimental combination by ATLAS O A7 E
ATLAS established Higgs-boson couplmgL ‘j’_f-.-l[ — 3
to the 3-gen fermions S S ‘ _____ } _____________________ bt
— Measured couplings are consistent with o8 g

the SM prediction

Particle mass [GeV]

We have more data: 140.5 fb! are collected at 4/s = 13 TeV

— More interesting results with more statistics will be coming soon
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B H — 7t Triggers and Cuts

* Triggers and cuts

Analysis Trigger Analysis p requirement [GeV]
channel 2015 2016
& Single electron 25 27
TlepTiep & Tiep™had  Gipole muon 21 27
Dielectron 15715 18/18
Tiep Tiep Dimuon 19710 24710
Electron+muon 18/ 15 18/ 15
Thad Thad Di'Tl]ad-vis 40730 40/30
Te Tlep TlepThad Thad Thad
eeluu T e
loose _ loose 0 loose _ loose loose _ loose
N"/'“ T 7 Thadvis ) N""f'“ =1 Thad-vis I N"/“ =0, Thad-vis
e/u : Medium, gradient iso. e/u : Medium, gradient iso.
Thadovis: Medium Thadovis: Light
Opposite charge Opposite charge Opposite charge
m?;“ > my —25GeV myp < 70 GeV
30 <my, <75GeV | 30 <m;, < 100GeV
ET™ > 55GeV EF™ > 20 GeV EF™ > 20 GeV EF™ > 20 GeV
E¥115&. hard > 55 GeV
AR.. <2.0 AR . <25 0.8 <AR_. <25
|An. .| < 1.5 |An, | < 1.5 |An. | < 1.5
0.1 <x;, < 1.0 0.1 <x; <14 0.1 <x;, <14
0.1 <x, < 1.0 0.1 <x, <12 0.1 <x, <14
pil > 40GeV py > 40GeV py > 70GeV, |y, | < 3.2

Nh—jel.\ =0 Nb—je[s =0
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B H - 7. Systematic Uncertainties

Impact= Aoy, . /o, .

-01 -0.05 0 005 0.1 0.15

|\II\‘\II|‘|“|‘H||‘III‘\I\\‘II
’ ' 7 '
QCD calc. of ggF, Pz 120 GeV <
77,
Source of uncertainty Impact Ao /oy, [Te] Jet energy resolution, comp. 0 - _._/
Observed Expected
QCD calc. of ggF, p:’z 60GeV /
Theoretical uncert. in signal +134/ -87 +120/ -7.8 %/
BaCkgfound- statistics + 1 08 / —99 + 1 0 1 / —97 Z — vt norm. factor, boosted cat. % O
Jets and Ep"™ +11.2/ -9.1 +104/ -84 / .
Background normalization +63/ -44 463/ -44 QCD cale. of ggF. 12 jet mig. %
Misidentified 1 +4.5/ -42 434/ =32 _ 7
. . i i b-mistag rate, comp. 0 e
Theoretical uncert. in background  +4.6/ -3.6 +5.0/ -4.0 0
Hadron iC T decays +44 / —29 +55 / —40 QCD calc. of ggF, top quark mass /"/
Flavor tagging $34/ -34 430/ -23 f
Luminosity +3.3/ =24  +3.1/ =22 Jet energy scale, comp. 7 ///‘ *
Electrons and muons +1.2/ -09 +1.1/ =08 //
LumiUncCombined ,/’:
Total systematic uncert. +23 /=20 +22 /=19 ; /57 ;
Data statistics +16 +15 Z — Il norm. factor, boosted cat. E :/ E—o—
Total 128 /=25 427 [ -24 —— Ful '
—— Normalization
ATLAS 777773 +io Impact
[—1 -lo Impact
E=13Tev’36'1fb71 ‘\Il\l\\\Ill\\Il\\\\ll\\\‘lll\‘\l
my =125 GeV -15 -1 05 0 05 1 15

Pull = {80, )/ A6
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B H - bb (VBF Production)

e TWO channels All-hadronic channel Photon channel
(24.5 fb1) (30.6 fb)

/

q
 BDTis trained w.r.t. main backgrounds
— Non-resonant multi jets (+ photon in the case of the photon channel)

> ! I ! ' i I ' ' ' ‘ r " ' I T T T ‘ T T T I T T T I T T T I T T T | T T T ‘ T T T I T
@ 6000 —e— Data -
g £ —— Signal+Background Fit ATLAS \s=13 TeV
~ 5000~ T, P Non-resonant Background — —Total Stat
2 . Z(~ bb) + jets ] :
2 40000 o He DD (0 = 3.0%]) (Tot.) (Stat., Syst)
E 9 7 +06
s000- Photon | 30.6 b +—e——a 23 N3 (M5 00)
- ATLAS
20001 5_13 TeV, 24.5 fb E
c two-central channel, SR | ]
L ' 3 245" . +2.2 +1.9 +1.1
100 ] All Had. J . 12.7 50 (Tig Zos)
G: ORI ST Ftirics= ooy S FN LSRRy U DU T R et s T T
2 400 Comb I " 1.4 1.3 +0.8
~ — . ——— +1, +1.3 +0.
md; ZOOJ*T_Li - 25 -1.3 (-1.3 -0_4)
T B T"“-H—% 4 Lo b b
a 0 ¢ S S -2 0 2 4 6 8 10
SM

80 100 120 140 160 180 _ 200 L =0 -
My, [GeV] H™ ~H-bb H-bb
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B Stage—1 STXS Results

e H — 1T larXiv: 1811.08856; 36.1 fb!|

Process Particle-level selection b SM 5b
i § o [pbl o P’1 |n good agreement

ggF N 2 1,60 < pf < 120GeV, |yy| <25 1.79+0.53 (stat.)+ 0.74 (syst.) 0.40+0.05 » with the SM
¢gF New 2 L, pf > 120GeV, |yy| <25 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+001  EXPpectation

e H — bb [ATLAS-CONF-2018-053]

é - ATLAS Preliminary VH, H-bb, V-leptons cross sections: -
o | {s=13 TeV, 79.8 fo'' ® Observed =tot.unc —stat.unc |
L] -—

>L_ 103 - , Expected []theo. unc. —
m - : =
X 5 V=W : V=2 -
8 B ! .

1

1

o, x Br

3

i IIIIII|
.|

1 IIIIII|

%j
N

; 1
= - 1 - - -
% 20 T I’ : # _ ' .
o T * I — = s g
e 0 &L : - -

750\',0 W Dr '5950 5‘_,02 750\'92 DTZ'BQS
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B H - bb: Systematic Uncertainties
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Source of uncertainty o,
Total 0.259
Statistical 0.161
Systematic 0.203
Experimental uncertainties
Jets 0.035
Priss 0.014
Leptons 0.009
b-jets 0.061
b-tagging c-jets 0.042
light-flavour jets  0.009
extrapolation 0.008
Pile-up 0.007
Luminosity 0.023

Theoretical and modelling uncertainties

Signal

Floating normalisations
Z + jets

W + jets

tt

Single top quark
Diboson

Multi-jet

MC statistical

0.094

0.035
0.055
0.060
0.050
0.028
0.054
0.005

0.070




