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Higgs mass measurement (precision: ~0.15%) 160H = 77* —s 4| W Higgs (125GeV) 7]
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Prec\s\on ~ " Vs=13TeV, 13910 X VW g
. . _'\@ 140 = . B Z+jets, tf ]

Higgs cross-sections measurements 5 1o0F _ W} Unosrinty E

including STXS and differential TR :

100F SIB:~2 7
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Higgs couplings i BR: 0.013%

couplings modifiers (from combinations) RO E

Becomind . EFT 40 E
sensitive 10--  probe CP structure of top-Yukawa coupling 201~
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Rare Higgs decay modes:

m,, [GeV]

NG 124.92 + 0.19(stat.)*%-9(s s: ) GeV
H>Zly >ty Te=y V=0.06 55
h H->invisible (from VBF and ttH) AP e L B R L B
es... it - .

Searc IE‘MUZ—#’TEI-iaﬁlaW s=13Tev ~ 140 b .

Di-Higgs production €00 Mucoeerea s 0% E
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ATLAS experiment has successfully collected ~140 fb! at 13 TeV in full Run 2 € eoF 3
( dataset used in stage for publications: 36 / 80 / 140 fb1) § 405_ ~36 fb-1 _fg
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults - 205_ _E

UE | I I T BT B E

Thanks to CERN accelerator/technical teams for the excellent LHC performance ! oy ul\“agaﬂ"e'au\“eg PUUNEUIRECNG
Next: expected ~150 fb-! for Run 3 and ~3 ab! for HL-LHC Month in Year
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Higgs production and decay modes

Production BR (25G<v) §

H>WW*  21.4% Decay
~88% Gluon fusion (ggF) ~7% Vector-boson-fusion (VBF) H->ZZ* 2.62%
9 S BT EEED] (940 (~0013%) ~ Observed in Run 1
t‘>_, H->vyy 0.23% (clean final sate)
99990000090 H->1t 6.27%
~4% Higgs-Strahlung (VH) ~1% Association W|th tt(ttH)  H->bb 58.2% + Observed in Run 2
q o W7 w/ H>yy>lly  0.010%
\ H>7 0.15% Becoming sensitive with
_ : sl Y ' | full Run 2 (~2-30)
; m\ >lly) (~0.010%)
F & VBF: ob din Run 1 = e
99 - observed in kun " Run3orHL-LHC
WH, ZH & ttH: observed in Run 2 H->cc 2.89%
o EREENEERRN ERAERRRRRN RN I T I RE
& 1? s v o =
S 10 =
Reaching more difficult and rare decay modes... g8 F= v — =
S B
Cross-sections measured in several phase space regions. p :
Two complementary approaches are being explored: = = -
* Simplified template cross sections N : E
* Differential cross sections E o L 7
10 e e R i i o

M, [GeV]
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Inclusive cross-sections

B B Bt B B B _ _
.. v being studied
ATLAS Preliminary —— —
V5= 13 TeV, 24.5 - 139 lbﬂ Total Stat. == Syst. ©1"' SM * observed
o o o s | ogr Lvsr v L [N
EM N ot at. st. —
o
agF vy 108 :om( =xoos, *05%) HOWW % * v v N
+0.11 H%ZZ * vf I/ V" E
updated H->vyy * v v K é
N~ —
S. _ H->Tr v * v Vv E%
2 : H>bb v v *x v =
o A (4]
N - H->cc v T ©
= : S =
5 : H->pp v v v |/ DK
2 [ VBF comb = 115 2019 ( ross, 1013)
5 ~VH vy ) 182 Tia( g, o) H->inv v V4
VH 2Z ——— 153 Zom( Zgso. Cozt)
VH bb e 102 %8 ( son, ‘i) .
" VH comb. = 110 *0E( som, ‘on) Good agreement with SM
: : Precisions reached:
i+ = 3 3 inclusive Higgs: 6%
ttH+tH bb updated 079 *re( xom, pd)
ttH+tH comb. == 110 pEh( olE. xDad )
oL |I IR B |ﬂ-2°|{ |°15| r.13}| ggH: 10-12% in 4l, vy, WW*

VBF: 20% in yy, WW*

—2 0 2 4 6 8 VH: 15% in bb
Full Run2: 140 fb! . ttH: 25% in
by c x B normalized to SM v
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Inclusive cross-sections: updates and main limitations

N Y I B B I =
ATLAS Preliminary -y — — S 2 L ATLASPreliminary e
V5= 13 TeV, 24.5- 139 fb’ Total Stat. yst SM 271 i5-r9Tov, a9’ * et ]
m, =125.09 GeV, L}"Hl <25 o 18 H— WW* — evuy . M T
Pgy = 87% Total Stat. Syst. B ;
agF yy 1.03 :om( =zoos, *OO° i 1
0.94 0! — b _:
updated 08 Igia( o, 2 7
+0.60 +0.28 . r b
Rl . Zogs [ _o3as . 10 .
OI aaq comb. * 1.00 +oo7( +o005, :l:U.IJE} ‘/' '014. ‘ .0-|‘_3 . OI.BI - |1 e 1!2 R 1|;
g . | . ' Over BH—> ww [pb]
N '“E‘” ( =L pe(ggH) = 1.27007 (stat) 1] (syst), 10 deviation from SM
% Zoael oz +0.13 +0.20 Most sensitive VBF (limited
O 115 tRE( a2 DA p(VBF) = 0.997 > (stat) Z0.16 (syst) by signal modelling unc.)
(@) . +1.67 ;  +1.63  +0.38 —_
h — 1363 -D‘MS = 0'1’2] ¥—> ATLAS | <Data_ N
< VBF comb. == 1.15 tu:ﬁr { +0.13, tu:m }' i‘é 20— \%Q%Tevblbze fo! .El:;gg (uH_)bE=0'95-0.-35)_,
£ - 5 ]
|:| VA Y a=— 132 ‘oa1( ‘o= o 3 15F. Weighted by Higgs Boson In(1+s/b) E
< VH Z7 i — a 1.53 +t1].;g ( +t1].51:g +g§? ) é C } 7;Background uncertainty
) 1 . — 1. —. s - om C ]
- 10 suEEy =
VH bb e 1.02 537 ( <011, gl 3L et }'..‘ p#(VBF) = 0.95*032 (stat) +920 (syst) » 2.60
VH comb. = 1.10 fg::g{ +0.11, fg::g} §’ :—} :' -‘+ { _;
= %: ” . : ///////////{////{///*é
g —55— "0 O’: + ]
tH+tH o £ o700 THTa0 T Te0 T80 200
ttH+tH bb i m,, [GeV]
ttH+tH comb. . .
| :: Modelling of ttW and ttbb backgrounds is
1 a limiting factor for ttH production.
Full Run2: 140 fbl . = Itis crucial to improve both signal
36 fb! o X B normalized to SM and background modelling !!
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Evolution of cross-section measurements

Rates by production modes:

targeting cross-section of main production modes and branching ratios
assume SM for extrapolation from analysis regions

powerful to test constant coupling modifiers (kappa-framework)

e

N

Simplified template cross-sections (STXS):
targets kinematic of production modes
allows to use MVAs
reduced model dependency
decay agnostic: suitable for combinations
good sensitivity to BSM effects

Fiducial / differential cross-sections:
“fiducial volume” defined close to
experimental selection (in order to reduce
extrapolation into unmeasured volume)
simple signal cuts
most model independent
include information on decay
multiple distributions can be measured
extract signal in each bin of the dist &
unfold to truth level

Two complementary approaches, with common issues:
treatment of out-of-acceptance corrections, presentation of results,...
(such that can be compared with latest theory predictions or reinterpreted)
Aim: provide a wealth of information to test our prediction and look for new physics effects

Inspired in V. Dao (Higgs2020)
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Stage 1.2

Simplified Template Cross-Sections (STXS)

p7 [0,200]

200

—Ojet —1Jet > 2-jet
I | -
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Stage 1.2 _ = VBF+V(—qq)H

I I
| = O-jet ” = 1et | > 2-jet Pp¥ separation moved
inside the nominal VBF-

like region to allow for

a better isolation of
mjj [0 350] m;; [350, o0] the high-pr region of

m _,- i the actual VBF process

[ p [0 200]

Mostly V(qq)H my;j
350
H“ .
HJJ

P [200, 00]

1000
1500

0 25 =S

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHW GFiducialAndSTXS

Y
4

H - = V(— leptons)H

qd’ —>WH qq—)ZH gg—)ZH

O-jet  1-jet > 2-jet O-jet  1-jet > 2-jet O-jet  1-jet > 2-jet

Categorize each production mode in bins of key (truth) quantities
Decay agnostic (suitable for combinations)
Sensitive to deviations from the SM prediction

\

STXS Variables:
- p¥: Higgs boson pr
. N] Number of jets in the event
- my;: Invariant mass of dijet system (take leading two for Nj > 2)

. pff": pr of vector sum of Higgs boson and two leading jets

. pff/p;’ - Ratio of pr of vector sum of Higgs boson and leading
jet to Higgs boson pr
. py: Vector boson pr

Assume SM kinematics within each bin - can use MVAs for signal extraction
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STXS: H>yy and H>ZZ*>4l

H->yy: more stats for allows for finer splitting
(including ttH !) with 27 STXS regions measured

Good agreement with SM predictions (large stat.unc)

zg| -
ATLAS i :
H—o ZZ* — 4l ] [ S — ’
Vs=13TeV, 139 fo' | . ]
Reduced Stage 1.1 - |yH| =25 1 TS T T 1.'&1NN
—8— Observed: Stat+Sys SM Prediction -
[m] Observed: Stat-Only p-valug = 77% a8 [fb] (o-B),, [fb]
ggEH-0;j-p -Low o3 170 + 55 176+ 25
gu2H-0]-p*-High ) 630+ 110 550+40 |
gg2H-j-p*-Low a3 50+80  172:25 |
H 9g2H-1-p*Med 'm 170 + 50 11918 |
99 g92H-1-p""-High [ S 9’ 20+4 |
po2H-2f {—l—] 40 £ 75 127 27 :
gg2H-p""-High i E L] ] 3875 15+ 4
qa2Hag-VH E . = 3 21+ 35 13.3:3:; N
qqH| e 5—-—3 15a_ ?29.;‘, 107655 |
qq2Hag- E ™ : 5 0577% 420+ 0.18
VH Eim 3 2% 164404 |
#H i 3 N X
| | 1 | | | | | |
-1 0 1 2 3 4 5 6 7
o-B/(c-B)
SM

Eur. Phys

.J. C (2020) 80:957

H->4l: several (12) bins measured for ggH & qqgH,
despite few statistics (low BR)

ATLAS Preliminary FedTotal [ Stat. = Syst. (| SM
Vs =13 TeV, 130 b
H—yy, m_ = 125.08 GeV Toal Siat. Sysl
w0 e 078 da oz, 0
w—H gl > 10 Fl 147 Y zoas
L F= 081y 1040, )
o B = 0 120 ITI-I 118 o j20a7, e
T < < 20 —— 070 052 050, Gy
gg -H e 0o, <250 80 < 20 | |—a—] 0.08 +0.58 | f_;g TI}LI].11=
P R 0y B0 120 <R 0l e 0,60 +::;3 = .45, :.:q.?l
sy 3ot e e 2 A9 (0, 4
B0 <00 = = 100 35 (5a om
w30 <5 0 == 020 G (ads o)
n s Coe . 28 8
Y —— o e
< <0 10, <30 ————i 516 % (R T
H -+Hgg a2l B < m < 1200 = -| i 0.7 +&ﬂ§ ij'g]'. fmﬁl
qq m-rmamwm”-:m.n.:p:'-:-m l__|_| 079 +[£IB?:|3 [?;2. ﬁ?'
og-+Hgg A4 m | 2708, 0 < < 20 |'-'| 1.00 +£§?[-§;ﬁl ala]:!f;]
R o=t s 08 ol 90D
e 02 < 180 ——= 241 ’u':'; [£ 0T, _’gﬁ:]
VH [ e a2
i |E— o 52 R
i = — 010 G (har o)
i< —— o 25 (S8 92
#H /""" = 072 G (ats on)
1H 120 < 200 I,_f_l 1.08 +DLI]5? [ﬁfﬂll Tu[!.l'!:']
il e e 086 i (Gas i
z F—— o 2
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 L I 1 1 1 I
—4 -2 0 2 4 5] 8
a'llall,

ATLAS-CONF-2020-026

25/3/21

Maria Moreno Llacer - Recent Higgs physics results from ATLAS detector



STXS: H>WW*>evuv and H->bb

*- 1 - - -
H->WW*: targets ggH+qgH STXS bins ATLAS-CONF-2021-014
H->bb: targets VH (resolved and boosted) and ttH ATLAS Preliminary "t Tow

. [ Statistical Unc.
. . ., Ys=13TeV, 139 fo Bl Systematic Unc.
EW qqgH-2j, very high m;-low p H— WW* - evuv I SM Prediction
c : p-value = 52% Total (Stat. Syst.) SM Unc.
= [ o N } .
- [ ATLAS Preliminary +D:":‘et NUncertainty GgH-0 p* <200 GeV 120 018 (008 0 Lo0e
2 [ f6=13TeV, 139 8 WHe o 010 =028) - ggH-1j, p¥ < 60 GeV 0.85 TOW (FOW 080, L,
c 400? H - WW* - evuv .HEWWH .HggH ! 8 0w (0w o) Vo
o VBF-enriched N2 2SR Wowen - mwe ] ggH ggH-1/,60 5 p" < 120 GeV 073 105 (I3E. B4 1 xo
L r ;”fgi;gg%isv Bww Bz 1 ggH-1], 120 < p"' <200 GeV 146 05 (o4 10 E +0.21
T T 1
300 Misid  WOther vv | 9gH-2j, p¥ < 200 GeV 183 070 (04, om) 1oz
oot 220 oy P 217 (95,08 | o
0 EW qqH-2j, 350 < m; <700 GeV, p* <200 GeV | |-l -020 "% (0. Tom) E +0.13
EW qqH-2/, 700 £ m, <1000 GeV. p! < 200 GeV = 0.50 O (10 0%, 4 gy
EW qqH-2j, 1000 < m, <1500 GeV, p* < 200 GeV 107 0% (08, ToE) P *010
2 EW qgH-2), m, > 1500 GeV, p* < 200 GeV 096 0% ( Toa. o) L 008
EW qgH-2], m, =350 GeV, p'' > 200 GeV 143 00 (L e E +0.09
H oo by by by by by e by e b by
o aq 4 0 1 2 3 4 5 6 7 8
[0, 0.50] [0.50,0.74]  [0.74,0.87]  [0.87.1] /
(0} GSM

DNN output

ttH: 1.30 (30 exp.)

. . Y T L L R L PR
é = ATLAS VH,H - bb, V - leptons cross-sections J £ 12-anas Boosted VH, H — bb, V — leptons — —Total — Stat. 1;?:2- ( Sotitﬁ S1y§:.)
- & - V=13 TeV, 139 fo’ ® Observed ==Tot.unc. ==Stat.unc. | - kS 10:_@:13 TeV, 139 1b" ® Observed ==Tot.unc. == Stat. unc. | uﬂ'H pe [0,120) GeV Fr—-e-—11.98 j1 :33 r0:46 :1 ..25 )
m 10 = = Expected [ Theo. unc. — m C —Expected [_] Theo. unc. ] T
X g 3 X 8 = +142 4070 +1.24
= - 3 = - - = \ — — -0.
=8 C V=W - V=7 ] Imﬁ 6E V=W v=Z = M e 120.200) Gev 0.88 744 (068 1.27)
@ = : ) = : E
102 = ' —] - [ 3
x = ! E x = = 0.91 ;4069 +0.59
o} E ' 3 [} 45 I ' B M Pye [200,300) GeV H—o—H 1.02 :o.as (fo.s7 to.ss)
_T ' I S i 2 . -
10 ' = 0 - . — MITH se (100450} QoY p—e—d -0.08 +0.71 ,+0.58 +0.41 )
E E - 1 _ < [300; - -0.54 -0.42
2 —— v 5 . i : -0.68
- ' u 2= : — mn +1.41 +1.05 +0.95
% 15 C : :I: . % 2:_ T : _: ttH p':e [450,4=) GeV - o - '0-01 1 :32 _0:91 _0:95 )
s 1 e : 3 1 T I ! I W o oA
5 050 :.t_ ! :L 3 5 o¢ ! —_ Inclusive | IIDH | 0'.43 033 ( 09 027 )
- 2 p"’: 2 p?..’ i i 1 I I I I 1 L L 1 1 1 L 1 I I I
isovprm RMA‘?SOG ?SV’DTZJV N J'Sovpf:v? [N 20¢ ) 50 TMWIO N 400(-}9[, Sox-pre.,vqao T s g 0, -2 0 2 4 6 8 10
< e 0
20Gy, 0Ge, = <0G, Gey Gey, no = o™/ for m =125 GeV

Eur.Phys.J.C81(2021)178 arXiv:2008.02508 (subm. to PLB) ATLAS-CONF-2020-058
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ATLAS Doeiminan e, o= STXS combination
M= 125.00GeV, |y | =25 e I : VHEREAREE T

= 95% L —=— o 500 00
. - _ , B . ATLAS-CONF-2020-027
5}'3' | S“ ] a5 1 L] 3

Tolal Sial  Syst

SR e 2tk 5 | Includes full Run 2 results

<o bt w 4545 20| from H>ZZ*, H>yy, VH(bb)

-6t 80 5 p < 120 Gev w3 R 20
48 + A4 +1.1

= 952 pay loare oo . H
ggH Joornee | zeinm <ssooen < 2o i | w =eae ww | NOt INCluded: single channel results that

= el o, < 350 GeY, 120 2 07 < 200 GV jomim—] 067 g:f: I:-ﬂ;;_ g? .
2 24,1, 2350 GoV, o < 200 Oa¥ — w20 4% an | have become available more recently
200 = pff < 300 Gay

0 pt - 2500 - “'"j egms g | (HOWWH, ttH->Dbb, H>2Zy)

1-jat, 120 = off < 200 GV

048 Lgar -00E

o 450 e F i 17 G GE S0
s it <300, Y e '.———'I s ie 0% ea | H->ZZ channel as reference
= B4l m, <350 GeY, VA opo e 0ES oo (o TEN 0
AQH [0 |, <o socer pamhd an i az on | 12% unc.on BR,/BR;, |
=i, m, =700 G, 7} < 200 G o= we tm iz a0 | larger unc. on BRy,/BR,,: dominated by
e meRnesd | |arge VH H—ZZ stat. unc.
5] < 78 Ga =y 2as I 1 02
?5:..:: = 180 GeW 5p Mo IE“: -u.'lu.l,I
S 1 5a e S | 99 STXS bins measured
P} < 190 Ga¥ ae Se i 5w | Uncertainties btw. 15-100% for most bins
PO —HY % By | 150 % 6 « 250 GeV 130 20T bW DA o L. .
o = 250 Gov e 2ocen o | Statistical uncertainties dominate
o <60 G o om0 2n | GoOd agreement (p=95%) with SM pred.
B < 120 Gev o 95 (0% 008
ttH Jauxs, 120 = b < 200 Gav 100 08 (0m wie
p':h.’d:!.ll:il'ul' a0k o e -UIU.|

045 L-0d5 -D0F

w522 40 | tH XS Upper limit: <8.2 X 6y @95% CL

i i i i i
-6 -4 -2 0 2 4 6 a8
Parameter normalized to SM value

25/3/21 Maria Moreno Llacer - Recent Higgs physics results from ATLAS detector 9



Fiducial and differential cross-sections: H=>yy

ATLAS-CONF-2019-029

= T T T T T
= 10°E ATLAS Preliminary - B gg—Hdefaut MC + XH [l Powheg NNLOPS + XH _ FIdUCIaI XS
2 4 Datatotunc. o systunc. £ B NLO+xH Bl GoSam:Sherpa+XH 3 '
© - H—yy, \s=13TeV, 139" + = N°LO+JVE + XH = Sherpa (versenio) + XH 3 652145(Stat)156(exp)103(th ) fb (11%)
i antl k R — 0_4, > 30 Gev 1 STWZ, BLPTW + XH MG5 aMC@NLO + XH i . . .
o ! Pr Bl NNLOJET + XH B XH = VBF+VH-+itH+bbH [SM predlCtlon- 63.6 + 3.3 fb]
10°F = E
- . : L M 3 ATLAS 'P}eiin;ir;a'ry' L Hl—byy fs=13 'Il'e{o'.l159|fbl" '
-+ T -4-Data, tot. unc. - syst. unc.
T i B g9-H default MC + XH
1 0 z — - gg—H Sherpa (mepsanio) + XH
C |8 gg—H GoSam+Sherpa + XH |
551 XH = VBF+VH-+ttH+bbH
anti k, R=0.4, p_>30 GeV
1
B
5 1.5¢
R g
° 5
o ]
© £
o &

0 200 400 600 800 1000 1200 1400

jets m; [GeV]

o L L L L B B

* : . . = ATLAS Preliminary B gg—H default MC + XH ]
Excellent resolution sensitive to production modes ST [Hoyy, (5213 TeV, 130107 15 gg--H Sherpa fuessence) + XH]

. . . ©  4f¢-Datatotunc. o SYSLUNC. g oo chera s XH ]

* Six dist. measured: and higher order QCD effects: F | =§’i=”v‘Z:VH;LDH"”'

- Higgs kinematics=pr, y 20-40% unc. up to 2 jets

B jets: Njets’ jet Pt

- H+2j system: it A‘I’jj\’ sensitive to anomalous operators
including CP-odd ones

Unc. dominated by data stat.  ——

Good agreement with theory predictions

Ratio to default pred
—

25/3/21 Maria Moreno Llacer - Recent Higgs physics results S e e 10



Fiducial and differential cross-sections: H>ZZ*->4]

* Also excellent resolution and very good S/B ratio
* Many dist. measured, including:

- Higgs kinematics: p1, ¥y

Eur.Phys.J.C80(2020)942

Fiducial XS: 3.28 £0.30(stat) £0.11(syst) fb (prec.~10%)
[SM prediction: 3.41+ 0.18 fb]

- Jets: Njetss Np.jets, JELS Pt = 1.6 | . : .
. . =, - Data _
- H+2] system.. mjj’ A(I)jj,.Alej . 3 s af ATLAS é Syst. uncertainties .
- Higgs decay information: m;,, ms,, angular variables & 'L vlijﬁev_:fﬁ; M ek =
[sensitive to anomalous H=>ZZ couplings] P ! — R St s
: : I3 = <esiass XH = VBF+VH+ttH+bbH+tH
- several double-diff. dist. %g L 8 ok Total stat.-'c:B sy-;t. u-;cert;inty_
1 E —3F— Fitted ZZ* Normalisation —
. B 50 B
Unc. dominated by data stat. sl My, VS. My,
< 10* T |S L R A S L [ = .
B ATLA aa - — 20F ]
2 CEHoZz a G MOs R T, oor ! I —
S, Vs=13TeV, 139 fb" Hmtg\;ESTKK_=11{ +)§(|'||_| B 5080 70 80 90 100 110 _
Pl: e 4444448 XH:VBF+V_H+'ttI’-I:-be+FH 0.4 3 18eV] ]
2D: T 10E pvaeMosEEx-41% s Fites 22 Nomnalisaion n g~ ]
p-value NNLOJET = 11% 0.2} l ------------------ —
p &N p-value NNLOPS = 23% _. e _‘
T jetS ; ~0 N ] N2  N.>3 0;7--7---/-------)f'/'/"ff'7/'77'717'/7‘/7‘///7‘/:’//‘-%7‘//‘///.//‘{//.//./////
1 0— Ie(s jets — lets = jets =" T T T T
g % 2.5 1
10—2 e TINE S [} D 2 T
; bety + R - i- - A=
10° Pe s R TR ], sy e —
////'I---fc--/,/;’"' Lt L L "
Nl A = 0.5 —
10“‘ ///4///////// / %t -
£ 25 - | = 0
s 12: i B | - B z
E 0.1|_—"4 """ I | """" I T <
= 05T - Bin 0 Bin 1 Bin 2 Bin 3 Bin 4
£ 15[ .
S il N i MqpVvs.Mgy
TP 8 8 B 888 &8 8 & B & B
! . — [42] 2 ! — [ap) — (ap] — (ap]
ce3icBggeg g .
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Global fit of couplings modifiers using kappa framework

+0.0004 &2 + 0.00022 ki

Analysis decay channel Target Prod. Modes L[] AT LAS'CO N F_2020_027
H H H— yy ggF, VBF,WH, ZH  ttH,tH 139
USIﬂg a” prOdUCtlon . geF, VBF, WH, ZH, tiH(4£) 139
& decay modes TH excl. H— ZZ"— 4¢ 36.1 H
Ed
H— WW* ggk. VBE 36.1 gg
tH
r — —
2rSM Ho ef, VBF 36.1 T W " S H
I 2 smFf g '
((r » B) if = K;O; 5 —SM VBF 24.5-30.6
I ' K;I FH H — bb WH, ZH 139
— TH 36.1
I I
H— up ggF, VBF, VH, ttH 139
Effecti H—i VBF 13
Production Loops ective Resolved modifier - °
modifier
o (ggF) v K2 1.040 «7 +0.002 k% — 0.038 &, k3, — 0.005 iy
o (VBF) - - 0.733 &%, +0.267 «%
o(qq/9g = ZH) - - K
2.456 k% +0.456 k2 — 1.903 kz &
o(gg — ZH) v K(ggzm) z ' t
—0.011 kz«p +0.003 &, k3,
o(WH) - - K%V
o(ttH) - - K2
o (tHW) - - 2.909 k7 +2.310 k%, — 4.220 ke kw
o(tHq) - - 2.633«2 +3.578 K%V - 5211 kW
I 2
o(bbH) - - Ky
Partial decay width
be _ _ _,(127
rvw - - K%,
s v K2 L1114} +0.012 43 — 0.123 kx5
T _ _ K2
T
rzz - - K%
ree - - R
1.589 &%, +0.072 &7 — 0.674 kw &;
v v £ +0.009 kw & +0.008 Ky Ky,
—0.002 k;kp — 0.002 k¢ k-
rZv N K%Zy) 1.118 K%V —0.125 kw k; +0.004 Ktz +0.003 kw kp
re - - K5 (=K3)
ram - - K2
Total width (B; = B, =0)
0.581«7 +0.215 k%, +0.082 k2
+0.063 k% +0.026 «2 +0.029 &2
2 2 2 H H
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Couplings combination: kappa framework

- assuming only modification of couplings’ strength ATLAS-CONF-2020-027

- agreement with SM predictions: 84%

) ) >> _""I ! ! ""."I. ! or T ' | |
- unc. on Higgs couplings: El> e ATLAS Preliminary |
~6% to vector bosons = = Vs=13TeV,245-1391b" P e
~10-15% to 3'd gen. fermions ELLT> E My=12509GeV, Iy, [<25,p, =84% T
<30% for muons P SM Higgs boson |
Kz 1.02 +0.06 = ) =
Resolved Kw 1.05 £ 0.06 — /'.' : —
0.14 2 A —
Kb 0.98 T 013 10 = b =
Ky 0.96 +0.08 - L Z
0.15 B _
Kz 1.06 * 013 10k _
& 112 £ 0% = g -
- m,(my) used for quarks 7]
Effective loops (wo./w. BSM contributions to total width) )
10 = assuming no BSM contributions 5
Parameter (a) B, =B, =0 (b) B; free, B, >0, ky z < 1 E - H e —— -+ —
Kz 1.02 +0.06 > 0.88 at 95% CL 1.4 2 E
Kw 1.06 + 0.07 > 0.89 at 95% CL o) 1oL ]
Kb 0.98 * 013 0.92 +0.10 3 N |
K 1.00 +0.12 0.97 +0.12 | | Skte] SECTILLESELLELERTER: £F { ------------------------- % {-—
Kr 1.05 913 0.8 | E
o 1.06 * 5% | B T E———
ke 0.96 + 99 0.93 + 08 10 1 10 10
B - < 0.09 at 95% CL ~ Particle mass [GeV]
B, ) <0.19 at 95% CL k<0 excluded at 2.9c
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EFT interpretation: effect of operators in XSs and BRs

OggH Gyer OvH O BR ATLAS-CONF-2020-053

N E—— SEEREEERE
L NEER S
N AR e RNy o

B ]
e ATLAS Preliminary : \‘:

1
§:§ : f5=13TeV 1391b" \
02 vﬁ@f\\\—\

z 1F Cpp = 0.02
%’ E Chwe = 0.02
@ 05F ¢y = 0.02
é = Cuw =0.2
Z 0 : - - = = = - = - CUB =0.2
- Chpp
0.5 [ .
5 Warsaw basis
- :—
g 1E c§g=0.1
%_ - Cha
= o c. =05
g 05F &5
L - Chq
= of _ ——
E cHe
05
—1 :_
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EFT interpretation: limits on 10 Wilson coefficients/groups

ATLAS

Preliminary /s =13TeV, 139!

Main sensitivity from:

ATLAS-CONF-2020-053

3)
€ily

(1]
CHW ,HB,HWB,HDD uW ,uB
2

HW,HB,HWB, HDD,uW ,uB

(3]
CHW ,HB,HWB,HDD uW ,uB

M
Hu,Hd,Hg"
[1]

CHIO He

o
HI®

A
HG,uG,uH. top

12
'HG,uG,uH.top

Sensitive directions

3
HG,uG,uH.top

-0.84 -0.27

VVHbb p¥ kinematics
B 00s 02 H —3 vy width

0.19 -086 -0.2 0.02

.—0.08. 0.06 0.03 0.07 VBF/ VH

0.26 -0.87 042

=[] H — 4¢ decay

. s

. 003

-0.03

-0.03

1
0.8 g
_ _ 0.6 43
Rotation matrix from the i B
Warsaw basis to the fit basis | (02 "5
° &
-02)
—0.4
ggt
-0.18 -0.04 -0.03 -0.23 -0.05 -0.54 -0.01 -0.15 0.06 -0.04 -0.02 -0.24
-0.8
0.29 0.03 0.04 025 0.05 .0.01 0.16 0.1 003 0.02 0.28 || _1

& & C?‘@% o &

Obtained
limits

1
CE—E:‘,uG,uH,top (X 1 0)

(3)
Cita

o
HW,HB,HWB,HDD,uW,uB

Top
:,\’00 (,\"b (,‘<\° S\x& (,\"e‘ é(:(\,\ 8\@ (\,\\
—
ATLAS Preliminary —— 68 % CL
V5=13TeV,139fb~"  sewmees 95 % CL

my = 125.09 GeV, |yu| < 25 —o— Linear
SMEFT A = 1 TeV ¢ Linear + quadratic

-0.2 —-0.1 0 0.1 0.2
‘l T T
J2
HW,HB,HWB,HDD,uW,uB | U A
C[1] ............ S -
Hu,Hd,Hg" i -
Aa e -
HG,uG,uH,top S —
. Ll Ll
-2 -15 -1 -05 0 0.5 1 1.5
T T TTT T T
a3 o
HW,HB,HWB,HDD,uW,uB Bt o B
N P
HG,uG,uH,top —
C[1] ........ —_—
[ 2 R — ——
1 O TS
CL}(‘),He (x0.1) -
! Lol

25/3/21

Parameter Value

(;‘5(’

o®

& S & S
© e So &8 G o S o G

C

Wilson coefficients

& o &
Ceb ot g

Simultaneous fit of 10 Wilson

coefficients/groups

(groups of operators with similar impact on physics
processes identified; eigenvector decomposition)
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Is the top-Higgs coupling a pure scalar interaction ?

JCP =0+ ? Phys.Rev.Lett.125(2020)061802

No deviations found in CP properties of the Higgs couplings to gauge bosons (studied in Run 1)
Caveat: in those, CP-odd contributions enter only via higher-order operators

NEW: pseudoscalar admixture directly tested in top-Higgs interaction using ttH/tH events with H>yy
Ky = k; COS

me, - .. -
L = ——t(n;ttt + iRkityst)H SM: (k¢, 7¢) = (1,0)

v 0 R, = k, sin @

e

Rate variation vs. CP mixing angle «
L L L L L L L L L LI
. ATLAS Simulation (s=13TeV, 139" _

CP mixing angle: &

—ttHinc. - ggF

10
—tHjbinc. -

—tWH inc.

L2 L=
- -
-
-

~ .

CP-odd contributions would alter:
> rates and kinematics of ttH and tH processes
> tH also sensitive to the sign of y,

Prediction normalized to SM

> loop-induced Higgs couplings to gluons and photons

-150 -100 -50 0 50 100 150
CP mixing angle o [deg.]
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CP properties of the top-Higgs Yukawa coupling (ttH/tH, H>vy)

e = e e e e B Phys.Rev.Lett.125(2020)061802
£ s£CP-even (SM) 1  amas . :
5 F (SM)m 1 i3 Tev Several MVAs for object reconstruction (also top quark)
‘§ i3 [ Two event-level MVAs used - define several regions
G ep 1 - 1: ttH vs. continuum bkg.
55 E Boor 2: ttH+tH CP-odd vs. CP-even
af 1 @ver Signal extraction: fit m_, in all categories
C OvH
SE OttHa=0° -
R =tHjba=o° (A pure CP-odd coupling excluded at 3.9¢ )
- tWHao = 0°
i CP mixing angle |a|< 43° at 95% CL
0:1 23456789 101112131415161718192(; yt <O dISfaVOUI’ed ReSUIt Ilmlted
Category \ tH rate < 12 X og), at 95% CL by data statistics;)
% ST T T 1711 Il e
> F : ] ’52:|"'|' T L B B I
s s CP-odd 1 ATLAS s [ —T | Best fi XsM ]
sk 1  Vs=13Tev % 1.5 ... 2% =
‘g : 139 fo" | S 36 s e =
w k=1 - ]
0.5 =
WooF s ]
D%%F O —
mil : :
[OttH o = 90° -0.5 —
WtHib o = 90° - . .
BtWH o = 90° . | ATLA;“W ___________ =
-1.5 y5-13TeV, 139 fb" =
) A R I IV I I T
Category -1.5 -1 -0.5 0 0.5 1 1.5 2
K,cos(at)
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Hadronic boosted H->bb: reaching 1 TeV !

Probing Higgs production at high p(H) (and |n4|<2)

using final states with 2 jets: at least one large-radius jet with

pr > 450 GeV and just one that contains two b-hadrons

Inclusive, fiducial and differential cross-sections measured:

Jet pr [GeV] JZ4

[Gev] Fractional contribution of each prod

Region SRL SRS SRL SRS mode to SRs within [105,140] GeV
Inclusive >450 >250 - - Process pr Range [GeV]
250450 450-650 650-1000 > 1000
Fiducial >450 >450 >450 >450
>1000 - >1000 - SRL ]
ggF - 0.56 050 }039§
450-650 250-450, 450-650 300-450, VBF - 0.17 0.16 0.17
Differential 650—1006 450-650, 650—1006 450-650, VH _ 0.14 0.18 0.25
650-1000 650-1000 tiH - 0.13 0.16 0.19

SRL (SRS): leading (subleading)

jet tagged as H(bb) candidate

SRS

ggF [028] 046 043
VBF 0.07 0.19 021
VH 0.26 0.24 026
iH {0393 o011 0.10

Limited by stat. unc.
Leading systematics are jet-mass
resolution and scale

Inclusive

My =1.1£3.6
Fiducial

H ﬂH
prietpr g Obs.

>450GevV 1.0+33 0.7+£33
>1TeV  1.0+29.0 26 +31

or(pr >450GeV) < 1441b | (~8 X og,,)
ou(pt > 1TeV) < 10.

3 b (~80 X o)

ATLAS-CONF-2021-010

. L
~ ATLAS Preliminary

—

| é
.

Events / 10 GeV

+ Data

eV, 136 fb’ !
- H, p'>1TeV (11=26.38)

L] 1
=
llllllllllllllllll[

Data-Multijet

Multijet, Top, W& Z + 1

Data-bkg
(&)}
o

o

[
(9)]
o

T100 120 140 160 180 200

Jet mass [GeV]
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Measured Higgs prspectrum: reaching 1 TeV!

H>yy H>ZZ*> 4l H>bb

g T 1O e s s s e e B B B B B 5 L T I T T T ‘ T _ —_ T T
> L [ + Data
7] ATLAS Prelimina H- =13TeV, 139 fo”' o0.12— ATLAS C— Syst. inti -1 = - — .
¢ T e | 8 [ Homa  we MSEEY™o o | @ [ ATLASPreliminary _
= ' \ 7. o4 5= 13TeV. 139 0" o Fodionn St 4 B 80k Vs=13TeV, 136 b
B & B g9—+H default MC + XH 5 I = NNLOPSK=1.1,+XH ] =% L i
5 1 1 B o, XH = VBF+VHttH+bbHaH | O - Fit
-~ B NNLOJET ® SCET NNLO ® N’LL + XH 1 '8 L 'I':'lot:aés%azt. ﬁ syst.lun?ertalmy_ r n
= ' 0.08— —#— Fitted ZZ* Normalisation | L . -
o XH = VBF+VH-+ttH+bbH B ] — g59
g = +VHtH+ - value MGS FxF - 15% 60 95% C.L. Upper Limit _
1 r | 1 p-value NNLOJET = 15% L
10 0.06—) ! § p-value RadISH = 6% | L
p-value NNLOPS = 8% |
0.04H 1§ i I - 40—
5] i
1072 C +' fi: 2] i
0.02[— +I 1. 5 |
B By, 9 -
X 0 L O S T P e WP T 20 i
8 cu
3 g o | | o -
§ 2 11";'-""" """"" Itl T ]
5 < 05— 4 ]
2 = |
T
L - : - : - - 500 1000 1500
0 50 100 150 200 250 300 350 2 151 —4— t
P lGeV] £ 1= pH [GeV]
0.5t . . . . ) i _ . T
0 10 20 30 45 60 80 120 200 350 1000 CI"OSS section results
4
py [GeV]
ATLAS-CONF-2019-029 Eur.Phys.J.C80(2020)942 ATLAS-CONF-2021-010
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H>pp

Direct search for interaction of Higgs with 2" gen. fermion © Phys.Lett.B 812 (2021) 135980

Rare decay channel (BR~0.022%) with a large (Drell-Yan) background ®
SIB ~0O(0.1%) within [120, 130] GeV
Clean and sharp Higgs peak: o(m, ) ~2.5-3.0 GeV

Measured p=1.2+0.6

. - +0.26 o
Close to evidence for H>pp decay: 2.0 (1.75) obs.(exp.) k, = 112737 @68% CL
Statistical uncertainty dominates !
I T T T T l T T T T I T T T T l T T T T T T T T | T T T T I
> e T B o A e e ATLAS Vs =13 TeV, 139 fb’ H — up
3 " amas + Data -
o~ 600 {s=13TeV, 139" — Total pdf — le4Total | |Stat. [ Syst. | SM Total Stat. Syst.
P - . — Signal pdf 3
2 H ,In(1+S/B hted —
= 500; = i In( ) weighte --- Bkg. pdf E VH and ttH categories — == 50 +35( £33, =1.1)
> - -
1T 400:— —
B = 3 ggF O-jet categories |—&—] 04 £16 ( £1.5, £03)
£ 300 E
D - -
g 200 = ggF 1-jet categories b e 24 +12 (£12, £03)
100F- =
g 3 ggF 2-jet categories —#— 06 +12 ( +1.2, £03)
o
o VBF categories e 18 £1.0 ( £1.0, £0.2)
©
) B + .................................................................................................................................. i Combined e 12 206 (=06, "9 )
— —y—— VY T S Y T - —T B Lo o b v b b o b e by
110 115 120 125 130 135 140 145 150 155 160
-10 -5 0 5 10 15 20

m,, [GeV] Signal strength
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Analysis Analysis
region region
Yy Zy

Processes that contribute to H-=>lly final state:
* loop-induced H->Zy with Z—Il (dash line)

* loop-induced H->y*y with y* — [l (thin solid line) 10~
* 4-vertex box diagram (dot line)
* H>1l + FSR (thin red line)

LRI

Sketch from
JHEP05(2013)061

L

H— eey candidate from the ee-merged
VBF-enriched category

n, b

f] i | f &) 0 104 ll.'l-
4 " m,, (GeV)

Both H>Zy and H 2> y*y with lly final state have
SM BR ~0.01% (~5% of H>yy BR)

Phys.Lett.B809(2020)135754
arXiv: 2103.10322 (s ubmitted to PLB)

merged ee

25/3/21 Maria Moreno Llacer - Recent Higgs physics results from ATLAS detector 21



L B B AL B B | T T T T T
H 9 Z * ee resolved VBF-enriched : p—
> _...l.)./ S — . Héyy OUU[EIE Ge ee merged VBF-enriched E .=
o) 5 ATLAS ] : - 4 IBF-enriched e
S 8o (s = 13 TeV, 139 fo" - - Probing ggH (high & low _ f
2 All categories 1 py) and VBF production | #"esovedighpy, .
S 70 In(1+Sq/Bg) Weighted sum - ) J 4 e ee merged high-p_ ——
GBJ C ] 4y high-p_ ————
- = 2.0110 . : ! — il ATLAS
2 60; u= 2.0,y (tot. )E - Decay categories: ppand | resowzdllow o | /s =13 TeV, 139 fo™"
501 4 ee (resolved and merged) | M9 Py T + Total unc.
C Dat ] wy low-p_ i B == Syst. only
I —e— Dala . T
40— — Sig+Bkg Fit 1 - Stat. limited Hoyy—lygobalft ==
C e Bkg -8 6 4 -2 0 2 4 6 8 10
% 4:_4..i,iiii|llii|il1i|iiii|...,_: % 0xB/(0*B)sy
@ % ________________ + g T T
-2t t t4 3 5 N sg s
_4:_JIIIIIIII|\\llllt\lllllllllll.—— E r ‘data ]
115 120 125 130 135 140 _ 145 2 20 ]
m,, [GeV] 2 1
. AN 15'_ ]
Obs. (exp.) sign.: 2.26 (1.20) i ;
. . 10'_ ]
Upper limit at 95%CL: 3.6 X Ggy CATLAS ]
Obs. (exp.) sign: 3.26 (2.10) 5[ Is=13Tev, 139 o™ .
9 _dence H lly - In(14 S/ Bg) weighted sum 1
EVI e 2 ] Liaa sl ] [ [
New opportunity to probe g AT
CP structure of Higgs L2
: : 2  0f
couplings in 3-body decays | ;, gr2ey)|mescso cov: N b Ty
#38 21 +0 110115 120 125 130 135 140 145 150 155 160
8.7155 b =8.7157 (stat.) T ¢ 7 (syst.) fb m,, [GeV]
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H->invisible

ATLAS-CONF-2020-052
Searches for invisible Higgs decays: a portal to dark matter and invisible BSM particles

SM prediction: BR(H->invisible)~0.1% from H>ZZ*>4v
Signature: just E; ;s (N0t good resolution in high pile-up environments)
- need to rely on associated production modes as tags (VBF, and ttH with O or 2I)

IlBIII

. E ' <0.09  ATLAS Preliminary -
Observed upper limit BR<11% @95CL 8 oul Hoim <009 N AT |
§ B _ All limits at 90% CL Vs=8TeV, 20.3fb" 7]
—_ 10 LA L L L L T T T _\ @=13Tev’139fb-1 __
T ATLAS Preliminary : = |
< - s=7TeV,4.7 b’ . s N
o gH Vs =8TeV, 203 15" - N ~
g \s =13 TeV, 139 i’ ] .
7 — Run 2{tH 10°R S e U
A — Run 2 VBF = i, mem T e L
65 —— Run 1 Comb. T s T R Ly —
E = Run 1+2 Comb. 47 0T -Higgs Portal Other experiments
5; A 10 __ siies Scalar WIMP DarkSide-50—|
E ] mamae Majorana WIMP v LUX
E ] | == PandaX-1l  __|
4:_ 2(_)‘. - = = = XenoniT —
i j 10—49 L 1 Lol 1 I Lol 1 1 ool
35 - 1 10 107 10°
o - Mywe [GeV]
£ : Within Higgs portal model, constrain dark matter interactions
OE in terms of weakly int. massive particle (WIMP):

-0.1 0 0.1 02 03 « complementary to direct detection experiments
* model dependent

H— inv

ALSO a broad program in BSM Higgs searches: additional Higgses
(charged Higgses, 2HDM-+scalar models with h-aa, ...), lepton-flavour-violating decay, etc.
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Higgs boson self-coupling: search for di-Higgs production

SM expects Higgs to couple to itself (k)

Diverse HH production modes, all with small cross section at 13 TeV (1/1000 than single Higgs)

ggFHH ~31.1fb

q

\x

!
|

=

q

Diagrams from G. Petrucciani @LHCP2020

VBF offers access to
HHVV quartic coupling

Several channels explored:

BR(HH — XXYY)

gg TT ¢« ZZ yy Zy py

I:I = results from ATLAS

Single Higgs (mainly ttH and VH) also sensitive to k,

q

=

Run 1 + partial Run 2 data
HH: Phys. Lett. B 800 (2020) 135103
Single Higgs: ATLAS-CONF-2019-049

Also few updates with full Run 2

25/3/21
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Higgs boson self-coupling: search for di-Higgs production

) 10:"I""I""I""I""l:"'l""l""l""l": —
il_‘. E HH | E Exp. 95% CL limits 1_4_....,....,..._..|..:.. — ,
= : : { |~ Obs. 95% CLlimits - ATLAS Preliminary | -
- V5=13TeV,275-79.8f0" : ]
T == -~ : 7 - 13__ Ky=K;=K=K,=1 ]
o | EEaEssee— ! ~— bbbb L -
£ 1 3 C :gystFitH ---------------------- ]
ug - 1 |[— bbr*tr 1.2 -l-gg;t Eilt_H+HH —
© C i _ C g5%cCL ’
- 1 |7 bbyy 1.1 =HH =
" Allowed x;, interval Tl - :H LHH .
10-1k-at 95% CL - Comb. —— ARV
- Obs. Exp. s Comb. +15 (exp.) - : ]
B (Exp. stat.) ATLAS ] - oof NTHH -
[ -5.0-12.0 | -5.8-12.0 ! Vs =13 TeV 1 Comb. 26 (exp.) C ! .
- (-5.3-11.5) | A o UR S (] = N ST Y T
1 0_2 By ] I | | I ] I 1111 I 1111 l : 111 I EER] I L1l ? I 1111 I { B | Theory predICtlon 0._ 0 _1| 5 1|5 20
20 -15-10 -5 0 5 10 15 20 K,
K o ]
B 1P ey HHupper limit at 95%CL: 6.9 X oy
% ~ O Oz | K,:(-5.0, 12.1) -> very similar limits using single Higgs,
- —o. o y . ;
1P g =0, : but with assumptions
-
10 = y Few analyses updated with the full Run 2 data
; ' j (new ch. and improved strategies):
L Z HH— bbWW (Phys.Lett.B801(2020)135145)
f @ boosted HH—bbTT (JHEP11(2020)163)
| 1 and VBF HH—4b (JHEP07(2020)108)
] First constraint on «,,, : -0.43 < x,, < 2.56
—2 11 1 1 I L 11 I L1l | I | : | | L1 1l | L1l l L1 1 |
— 9% 5 0 5 o0 10 15 20
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Summary: What have we learnt about Higgs properties ?

Extensive studies within the Higgs sector:

M—Iiggs mass: reaching 0.15% \
v Spin=20

v Higgs production: all major production modes observed e
v/ Higgs decays: - most major decays observed & Msmm *ZEcTuEnR'mmunnlND"STRY
- now tackling rare decays like H>pp, H>lly ,,_s"|'j'ﬁi;[s§mwmgg =S NN SETONBi =
- H=>invisible constrained to 11% (@95CL) 5’”§uﬁ§'§§ksg g g | Né‘{m‘"“““
] _ ) o : e
 biggs coupngs " 0520 agmna ) 1L i e
_ _ _ gmlmwmp[[ annup=llllllABHRATIVE
- assuming SM: tested fermion and boson coupling strengths “ﬂf‘ﬁ!ﬁh‘,’,‘,’,’:ﬁﬁgagﬂm@f|NTERNH T00LS <§%HE|_P:gg
- pure CP odd couplings to bosons excluded >50 E""mﬂmﬂ?'n"cstmpn@mflf'“ﬂ,?,'ﬁ‘ —_
- pure CP odd couplings to fermions excluded >30 / TR

= No disagreements from the SM predictions (so far)

Outstanding level of precision reached and continue pushing the limit.
> Full Run 2 still being analyzed (and it is just 4% of expected LHC data)
> Systematic uncertainties are becoming a more dominant for many results
> Need to reduce systematics (theory, modelling of signal and bkgs.)

Learn from the limitations and improve to reach the ultimate precision.

Collaboration with theorists is crucial and makes all of us smarter © !!!
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THANKS FOR YOUR ATTENTION
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Inclusive cross-sections: main limitations

ATLAS-CONF-2020-027

Process | Value Uncertainty [pb] SM pred.
(lyul <2.5) | [pb] Total Stat. Syst. Exp. Sig. Th. Bkg. Th. [pb]
ggF | 447 +31 x22 x22 ! 8 400 407 1447422
VBF| 40 06 +05 04 | *02° +£03 +01 |[351*20

- 0.25 -0.19  -0.17 -0.12 - 0.06 - 0.09
+0.18 +0.12 +0.08  +0.07 + 0.033

ttH+tH | 064 +0.12 +0.09 +0.08

|
|
I
|
WH 1.45 + 0.28 + 0.20 + 0.18 : + 0.13 + 0.08 + 0.10 1.204 + 0.024
|
|
|
|

+0.06  +0.03 +0.03
Yoo Tom; 005 10597 o
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Inclusive cross-sections

ZZ-0f ——
ATLAS e[ -
H - ZZ* — 4' Zz-Z i —é—-— ’
Vs=13TeV, 139 fo” ox|[ . 1
Production Mode - |yH| <25 SR R ¥ R R B
Nwa
—#— Observed: Stat+Sys SM Prediction

: Stat- -value = 91%
[w] Observed: Stat-Only ~ p-value = 91% 8 [fb] (c:B),, [fo]

ggF EIEI 129% 1120+130 1170+ 80
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—Total - Stat.
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ZH (R 1.08 “p55 (Co17: 015 )

Comb. o +0.18 [, +0.12 +0.14
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Differential XS: H>ZZ*->4l

Eur.Phys.J.C80(2020)942
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Differential XS: H>ZZ*->4l

Eur.Phys.J.C80(2020)942

Higgs boson kinematic-related variables

s |yasl Transverse momentum and rapidity of the four-lepton system
Moo, M3y Invariant mass of the leading and subleading lepton pair
| cos 07| Magnitude of the cosine of the decay angle of the leading lepton pair in

cos 6, cos b,

the four-lepton rest frame relative to the beam axis
Production angles of the anti-leptons from the two Z bosons, where the
angle is relative to the Z vector.

b, O Two azimuthal angles between the three planes constructed from the
Z bosons and leptons in the Higgs boson rest frame.
Jet-related variables
Niets: Nb—f'ets . Jet and b-jet multiplicity
plTead' Jet pSTUb cad- jet | Trangverse momentum of the leading and subleading jet, for events with

M, |A77jj|a A(ybjj

at least one and two jets, respectively. Here, the leading jet refers to the
jet with the highest pp in the event, while subleading refers to the jet
with the second-highest pr.

Invariant mass, difference in pseudorapidity, and signed difference in ¢
of the leading and subleading jets for events with at least two jets

Higgs boson and jet-related variables

7 . .
pr, m 10§ Transverse momentum and invariant mass of the four-lepton system and
leading jet, for events with at least one jet
44jj . .
P, Magjj Transverse momentum and invariant mass of the four-lepton system and

leading and subleading jets, for events with at least two jets
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EFT interpretation: effect of operators in XSs and BRs

g 0&1; :ATLAS Preliminary | g"ggH i\§ :%\:,BF GVH Q I:. GttH ki BR ATLAS_CONF_2020_053
= 0BEB=13Tevizon | : | : = N : : :
SR A N A e s
?z = Cyp = 0.02
S o5t o =01
f o : e

3 Warsaw basis
= IF
%_0 5 E‘ :(:1;=0.5
S ok — rauL

05

3
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EFT interpretation: effect of operators in XSs and BRs
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EFT interpretation: limits on 10 Wilson coefficients

ATLAS Preliminary —— 68 % CL ATLAS-CONF-2020-053

V5=13TeV,139 fb~1  seewems 95 % CL

my =125.09 GeV, |y4| < 2.5 —— Linear

B —o— Linear + quadratic ] . .
SMEFT A = 1 TeV Simultaneous fit of 10 Wilson

M o | PR coefficients/groups
ChduGumop (X10) [ 7 P cm— N :
R (groups of operators with similar impact on physics
&, i o e processes identified; eigenvector decomposition)
CE:lﬂ]N,’_B,HWB,I_w,uW,UB ..... + ............ ) .‘.‘.‘..F""

— ATLAS Preliminary Vs=13TeV, 139 fb™
—02  -01 0 0.1 0.2 my, = 125.09 GeV, |y | < 2.5
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Higgs p,: sensible to different couplings

Low p-;regime: sensitive to charm-quark contribution from loop modification and ccH = limit on kc
and to Higgs self-coupling...
High pT reglme sensitive to top Yukawa coupling and possible new particles in the loop.

[ T T T T =

%' ATLAS Prellmlnary - g g
o - } {s=13TeV, 1391b" .

2 ! Ko =24

?ZQI— 1 K.=-19 E Ctg
o —SM:x,_ =1 ] .

'g * § Data - h g

103 do/dp,(H) [pb/GeV]

oo doider(H) [pb/GeV]

- - - ggH@LHC 13 TeV NLL+NLO —SM """" AR RRRAR RS WA
10-1 = Kc [ 75, 93] = Mn=125 P ;g_;;ggzg ok EiH:@;;ngLa Tev LOHY | — 3.;100034_;
u g 2| S\ EurPhys.J.C 78 (20 18) |
-ATLAS-CONF-2019-029 | 107 e 3
- LI : .y 10, 808
RN L : = 104 E
=) -
S 0.5 { 105} eI
¢ L JHEP 03 (2017) 115 .
0 20 40 60 80 100 120 140 ‘23 —  q06[
¥y : ) : 25 F :
CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV) o ==- 1 i 1 T
g —':'— set Zéﬁ:;:t;egsgoHT:H theo. uncert, 400 450 500 550 600 650 700 750 800 00 200 800 w00 500 6('}0""7'(;;)"“;;0
S 102 — roni ri n
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™ r I Expectation «;, = 10
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= - remm el e e ttH+tH theo. uncert.
= ‘M‘
i i
T :
& Il :
o N 1
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B2 T ;
© B 1
- IYM<25 AR |
- Hoyyipl > 20 GeV, il <2.5 :
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195 —
YATLAS VBF H — bb arXiv:2011.08280
Link to backup
"|'Dt'|"'|"'_
* Events considered have pr(bb) > 150 GeV’ because LTI, RSB, ~0950%) ]
ot trigger limitation C VBF H — bb
9 15: Welghte:by Higgs Boson In(1+s/b)
. ) . . ~, Background uncertainty
» Probing VBF production categorising events: 10 } canen

o Forward (FW): jet with pt > 60 GeV inInl > 3.2

Events / 8 GeV (Weighted, Bkg.-subtracted)

|||||||||\|\|
—L
LS
s

|ﬁ‘_|||

o Central (CN): jet with pt > 160 GeV inInl <3.2 “* +
7 . 2 //////////)f///T//
_53— ‘.00 ‘o’. +
« Adversarial NNs used to enhance S vs B separation 80100 I a0 60180200
without learning m(bb) m,, [GeV]
o 4 DNN-score categories for FW & CN events *

o Non-resonant Bkg from data m(bb) sidebands

* Good compatlblllty W|th SM expectatlon

Combination with VBF+ [aXivi2010.13651] — u(VBF) = 0.99+33

(stat) +0-18 (syst) — 2.90 significance

—0.16

20/03/21

Raffaele Gerosa

12
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Process Generator Showering PDF set Order of o calculation

ggF NNLOPS PyTHiA 8 PDF4LHC15 N3LO(QCD)+NLO(EW)

VBF PowHEG-Box PyTHIA 8 PDF4LHC15 approximate-NNLO(QCD)+NLO(EW)
WH PowHEG-Box PyTHIA 8 PDF4LHC15 NNLO(QCD)+NLO(EW)
qq/q9g — ZH Powneg-Box PyTHIA 8 PDF4LHC15 NNLO(QCD)+NLO(EW)

gg > ZH PownEG-Box PyTHIA 8 PDF4LHC15 NLO(QCD)

ttH PownEG-Box PyTHIA 8 PDF4LHC15 NLO(QCD)+NLO(EW)

bbH PownEG-Box PyTHIA 8 PDF4LHC15 NNLO(QCD)

tHgb MG5_aMC@NLO PytHia 8 NNPDF3.0nnlo NLO(QCD)

tWH MG5_aMC@NLO PytHia 8 NNPDF3.0nnlo NLO(QCD)
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— 0-jet — 1-jet > 2-jet

Py |
0 | |
m;; [350, OCJ]
H
10 Pr
0
60
0.15
120 \ pr/pR )
200 | i
0 o ~ i New 1n 1.2

pTO
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Stage 1.2

[ - o v

— 0-jet

> 2-jet

m;; [0, 350]

m;j; [350, oo

py [0,200]

: Mostly V(gqq)H

0

mjj
350
700

1000
1500

p{! separation moved
inside the nominal VBF-
like region to allow for

a better isolation of
the high-pr region of
the actual VBF process

pifir (200, oo]
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0-jet

60

120

200

300

1-jet > 2-et O-jet  1-et > 2-jet 0-et  1-jet > 2-jet \ oo

New in 1.2
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Is the top-Higgs coupling a pure scalar interaction ?

JCP=Q** ?

No deviations found in CP properties of the Higgs couplings to gauge bosons
Caveat: in those, CP-odd contributions enter only via higher-order operators

NEW: pseudoscalar admixture directly tested in top-Higgs interaction using ttH/tH events with H>yy

Lt — —@(Iit{t + Zl%tt_’}/f,t)H

Signal
parametrisation

Models used

ATLAS:
ttH, tHjb & tWH @NLO
Higgs Characterisation

CMS:
ttH @LO
JHUGEN with MELA

EX

Event yield

MC/Fit

mmmmmmmm

signal yields parametrised as functio

L B | T T LI B B S S B B B L B e e

40

35

30

25

20

1.005¢

SO eeicernensrantsnnsanengernesnenncgusascnnssalasacncansads =
0.995F t ¢ ' =

v

1D fit: CP mixing angle «

2D fit: k: COS @ vs k; sina

ATLAS Simulation
(s=13TeV, 139 fb"
Inclusive, ¥2 p-value = 18.4 %

ttH
—+—nHMG(K|=1)

— Fit

Acos®(0) + Bsin®(a) + Ecos(a)sin(ct)

0 10 20 30 40 50 60 70 80 90
CP mixing angle o [deg.]

1D fit: f,

SM: (k¢, k¢) = (1,0)

Ky = k; COS
k} — kt Slnaf

Het _ %, |*
cr % |2 + | Ry |2

sign (%, /1)

n of (ky, @) or (uy fcp™) CP parameters

Event yield

MC/Fit

35
30
25
20

ATLAS Simulation
Vs=13TeV, 139 1b"
Inclusive, x? p-value = 63.7 %

4

tH

Acos®(a) + Bsin®(a) + Ccos(a) + Dsin(a) + Esin(a)cos(a) + F

AR S

J.uimlml.1||||J|1||111|J||H||1||hm||1||| 11

SR (T T R T (A (TR T (7
07 (Tss,,@0s ;s 0y | 52, B0s (0 g [0 5 (3 (e, ,
(CP mixing angle ., coupling strength « )
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CP properties of the top-Higgs Yukawa coupling (ttHitH, H>yy)

§ T T I T T T T | T T T T | T T T T T T T T | T T T T I T T T T I T T Used in ATLAS
w . ATLAS Simulation {(s=13TeV, 139" | 2 L L
fe) =, = ATLAS Simulation .
o —ttH inc. 40F Vs=13TeV, 139 o™ -
%‘ 10 —tHjb inc. o E Inclusive, %2 p-value = 18.4 % E
g ) 35— ]
S —tWH inc. - B
_5 ______________________ 30;_ —4— tH MC (k= 1) ttH _;
S o el N S T - — Fit 3
8 25— —_
a ' TN E Acos®(at) + Bsin*(e) + Ecos(a)sin(c) E
E E - 20__| | | P [ ! ! ]
B ] % 1.005F . ‘ =
B i E 1;.+ .......... +. ..................... * .......... * .................... +--..
11 I 1 1 11 | 1 111 | 1 1 1 1 | 1 I | 1 1 1 1 I 1 111 I 1 1 0'995 ;_ . ) ) ) ) ) ) ) ) X _E
-150 -100 50 0 50 100 150 0 10 20 30 40 50 60 70 80 90

CP mixing angle o [deg.] CP mixing angle o [deg.]

E - T T T T T T T T T ] E C I T T I T ]

-g 355 ATLAS Simulation ‘_: -g\ 10 — ATLAS Simulation '—_

g 305 Is=13TeV, 139 fb” 3 £ - (s=13TeV, 139" N

o E_ Inclusive, x° p-value = 63.7 % _E T 81— Inclusive, ¥? p-value = 33.4 % —

25— = - . .

= | Acos’(a) + Bsin®{a) + Ceos(a) + Dsin(a) + Esin(ar)cos(a) + F 7 6 ~ | Acos*(a) + Bsin’(a) + Ccos(r) + Dsin(c) + Esin(o)cos(a) + F N

20 — L -]

15; —4— tHjp MC 3 T —$—tWHMC - i

- — Fit . . 'Y E 4 L —— Fit =

10 = : :

= 1 04E D T O S S S S u L .

S 0oE E = 1.04F =

S 1.025 + + + + = = 3 E

@) 3 3 1.02E 3

E 1-:.. ......................................................... -3 O it * ------------ * ---------------------- i ----------- 3

0.985 \ t $ t $ t - S ) by 1 S

0.96 ) . . . . X X . \ N — 0965_ 4 3

(0°, (?‘5-: (300 (45:: (600 (75:: (900 (0‘: (00, (450 (’8 o ' = S * * * * * * * " * S * * =
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(CP mixing angle o, coupling strength Kt) (CP mixing angle a, coupling strength Kt)
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CP properties of the top-Higgs Yukawa coupling (ttH/tH, H>vy)

arXiv: 2004.04545

° Cf 5 2 9O v ]
> L — = r H ]
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ttH/tH (H->yy) CP analysis: comparison of CP parameters

CMS ATLAS
my __
A(Htt) = —7t¢t Ky + ifét'y5) W L= \/_'"” (i, k; (cos(a) + isin(@)ys) ¥, ) H
CMS ATLAS
Kt = K+COSX
Kt = K+SINQ
ke > 0 = -00°< a < 90°
~ 2 .
|tht — lmlﬁlmdz EN sino
HUitH ~ fi%

What is the impact of restricting k;cosae > 07
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CP properties of the top-Higgs Yukawa coupling (ttHitH, H>yy)

()
(i)

(i)
(iv)

v)
(vi)

(vii)
(viii)

(ix)

(x)
(x1)
(xii)
(xiii)

(Xiv)

(xv)

m - invariant mass of the ##H system;

0y angle between the H boson direction and the
incoming partons in the #fH frame;

0} : angle of the H = VV(ff) decay with respect to
the opposite 77 direction in the H frame;

®7,: angle between the production plane, defined by
incoming partons and H, and H — VV(ff) decay
plane;

6,: angle between the top-quark direction and the
opposite Higgs direction in the #f frame;

®;: angle between the decay planes of the ¢7 system
and H — VV(ff) in the tfH frame;

m,,. invariant mass of the tf system,;

Oy: angle between W' and opposite of the bb
system in the W+ W~ frame;

®y,: angle between the production (bb)(WW~)H
plane and the plane of the W W~ system in the
tt frame;

0,: angle between the b quark and opposite of the
W*W~ system in the bb frame;

®,: angle between the planes of the bb and W W~
systems in the #f frame;

My OF My, invariant mass of the Wb or Wb
system;

0 or O, angles between fermion direction and
opposite of the b or b quark in the W* or W~ frame;
@/ or ®py: angle between the W' or W™ decay
plane and the iW*b or tW~b plane in the ¢ or
t-quark frame;

Mg 7 OF My, invariant mass of the ff, or f,f,
system.

Pheno paper PRD94,055023 (2016)
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Flavour changing neutral currents

ATLAS+CMS Internal 95%CL upper limits €<—@ ATLAS <—@ CMS
LHClopWG [1] JHEP 05 (2019) 123 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102 [4] arXiv:1908.08461 (LH only)
September 2019 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55
[71 JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
all other processes are zero Theory predictions - SM 2HDM(FV) & 2HDM(FC)
from arXiv:1311.2028 ERS
t—Hc _
Flavour changing
t—Hu top-Higgs interactions?
t—>vyc \ _
starting to exclude some
t—yu 2HDM models without flavour
Bl symmetry imposed...
[6]
t—gc 71
[6]
t—gu -
7 B | Using 36 fb1:
—ZC i
2 BR(t>Hg)< 103
[8]
t—Zu o
Y 1IN IR AN NN N .|\ L eT® HL-LHC projections: < 104
-16 —13 —10 - — -
10 1 10 107’ 10 10

Branching ratio
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FCNC: t=Hg ATLAS (36 fb1)

@ H->yy: JHEP 10 (2017) 129
Y H->WW* tt,ZZ*: PRD 98 (2018) 032002

W ATLAS H->bb,tt & full combination: arXiv: 1812.11568 (subm. JHEP)
decay FCNC 5 “Canas ~ et
o 35; e Data ]
2 s | (LT - Continuum bkg. § £ ERSASSURLAE RARLARS SV AR PR NS
o S igas = B S . F
H2yy o LI o IS O e SV PRIRS E L s
- limited by data statistics 20] H> 12 0 S MDboson - ENon prompx
- main syst. unc.: JES, theory modelling 1s: v : JPredtblg.
105 3 i H 9WW : normalised to obs. limit on B
H 9WW*’(TZ;ZZ*) 52 Hadronic category 2 102
- SS and 3l (e or p) final states Poo"Tio 20 130 140 150 160
- reinterpretation of ttH(ML) analysis | o ce
] . > 1200 T ata -
- MVA technique (inputs: m.;, m,) 8 fk”?iTeV 361 :E{wmc(@ 1) ] S ==
@ 1000—tqH(ﬂ) search %sze(rzai'.ch ) ] . _
H=277(ThqThads TienT & | Tepthac >4 mmZ o 1 Biest )
-4 SRS( based on & rhad) Tin, jEIS " T s, Lt e
had> “lep’ - , 18 -
- event reco. (y? minimisation) 600}~ Ho 2 1 2 e os 0402 6 oFéNoC4dos 08 1
. . . i T f i iscriminant
- MVA technique (inputs: m_, pr,) ] y ;-
H->bb i 4% LH BR(t=>uH)< 12x104(8.3 x104)
2004 ol _
, F 1 BR H)< 11x104 (8.3 x104
- several regions (N Ny ags) = - ] (t>cH) 0+(8.3 x107)
- likelihood discriminant 2 125
E‘é 1%%{‘%/%%%%%/{% I)‘tqu < 0.066 (0.055)
. . © 0.75
- Combination of the 4 channels o5t — |Aicnl < 0.064 (0.055)
mz; [GeV]
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https://link.springer.com/article/10.1007/JHEP10(2017)129
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032002
https://arxiv.org/abs/1812.11568

How to access the top quark Yukawa?

Direcﬂy ttH ~500 fb (1% Higgs) tH ~100 fb (0.2% Higgs)

tHqb -~70fb tHW ~20fb

Cross-sections at

q q q q g t
mmn—‘—
13 TeV pp collisions s T < H w L H .
. . ‘H ~H

9 b 9 b b w b t

- sensitive to the sign of «;

Indirec tIy - suppressed in SM by destructive interference «x,,<0
ggH H2xx Electron EDM @
g
UL L N ¥ ¥ v
W, t
(v LAl H_ w _H t . Caveat: new
W ; particles could
s 1 ¥ Y o/ ~,Z  contribute to
g - - . - the loops !

Also other processes like HZ in gluon fusion, HH, 4-tops and ttbar.
Even flavour violating couplings (t=2Hq FCNC)...
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Several connections between the top and the Higgs

- Improve SM measurements:

Effect of top coupling on rates of associated production of Higgs with top(s)
Various ways top processes (without Higgs bosons) affect Higgs physics
Effect of top loops on Higgs couplings

Effect of top loops on m,, m,, m,

Effect of top loops on production rates of multi-Higgs

- BSM searches for new particles or interactions:
Probing extensions of the Higgs sector (H*, A, etc.) with top quarks in their decays
Flavour changing neutral currents (FCNC) in top-Higgs sector
CP violation in Higgs-top interactions

- Completely new (unknown) physics...

Ken Mimasu ®
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Challenging and overwhelming backgrounds

ttH multi-leptons ttH(Z.Z+—4))
Low S/B (need MVAs) Clear peak (bump hunt)
High Higgs Branching Ratios Low Higgs Branching Ratios
b
t b t
. ttrH(bb) vs. tt+jets(bb)
-li-< BR~58%
b _
_ ) £
t d G
t t+H(WW*,17,ZZ%) vs. tt+W/Z
t
H {::WII/T BR~30% d
W/IZ /T
t
Difficult to distinguish individual tt+X processes ...
Jet (b-jet) multiplicity for final states with 1{ with 2{SS
tt+bb: 6] (4b)7 exploit matrix elements, W 4_J (2b) }Njets, leptons charge,
ttH(bDb): 6] (4b) [ my,, dRy,.. [g>bb] ttH(WW): 6j (2b)
ttt:  10j (4b) tt; 8j (4b)
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