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New Higgs results from AT
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Generalities (flashed slide)

* Production (SM) * Decay (SM)
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Signal strengths, T : Fiducial /
J J Simplified Template Cross-Section : :
scale factor (STXS) differential
U, k framework Cross-sections
« Direct (dis-)agreement SM ()« “Simplified’ : indep. decay mode & » Specific to decay mode &
« f(ref.): model, precision —>easy to combine —>not easy to combine
« higher sys. error (: * Reduced th. sys. error (.  region detector acceptance ()
N e tiny model depend
= * region detector acceptance |y,[<2.5 ( tiny model dependency
H (GXBR)/(GXBR)SMFW >reduced model dependency " "~ Reduced th. syst. error
K1
> H — )= 2oeSM_L L« Enhance sensitivity for BSM models : :
o(i f) = «kjo; K%IF?{M - G(leHej)phase space

o(I=2 H)phase space (truth bins)



STXS stage 1.2

(flashed slide)

Stage 1.2
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* ATLAS-CONF-2021-014
H % WW 9 eV IJ.V March 2021
« Large BR@ bad resolution (MET) & |

e Signature * Prod. modes
e, U (suppr. DY), MET (suppr. DY) Hgqp=1.20 *016
close leptons (spin correlations) Wy ge=0.99 *0-24

1250 Dominated by syst.

« Categories
#jet, ggH/VBF, kinematics: mirroring STXS | = STXS 1.2

T T T T T T T
s ATLAS Preliminar ke Total
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o/ og,

* ggH+2 j, probe mix {0** (SM), 0*} + VBF, probe HVV=f(polarisation)
Results consistent w/ SM 5
EPJC Sept. 2021 15t analysis on topic
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C HOYYOly, low My v

« Complementary to H=>Zy (m,;~m,) « Background : Ily
Zops=2.2 6 (Zeyp=1.2 ©) PLB 809, 135754 (2020) Parametrised/directly fit data
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m,;: exclude my,, My s  Categories
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VH, H>Dbb
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VBF and boosted all prod., H=>bb

« VBF * Results
Zps=2.6 Nov. 2020-June 2021

Large An gap Z.,=2.8
No colour flow — 1=0.95%3-2 dominated by stat
(suppr. hadr. activity) STXS p;">200 GeV (BSM): no deviation

Final DV m,, «  Combined w/ VBF H(bb)+y (Z,,.=1.0 5)
(JHEP 03, 268 (2021), 132 fb?)

Categories fwd/central jets + NN

Zobs:2'9
Zp=2.9
- Boosted all prod. modes 5 T
R HICA L TR March 2021
p;">450 GeV (even p;">1TeV bin) ¢ . = .+ Limits 95 % CL
H->Dbb reco as single large R jet N = 5 | amasiminay
b-tagging for contained tracks S %%
60-— —— 95% CL Upper Limit N
%100; 40} —
] 5 20:— : -
First ATLAS study g sof _ j
w/ H->bb very high p; g o i I .
50 500 1000 1500

and no particular production mode =~ % v = o e P/ [GeV]
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ATLAS-CONF-2021-021

2nd quark generation
V (vv/Iv/lIl)H(cc)
« c-tagging: MVA
eff(c)=27 %

eff(b)=8 %
eff(j)=1.6 %
(k) = c
MV H(ce)\Ke) = |+ BEIM_)CE(KS B 1\
e Limitp '
obs: 26xSM limit 95 %
exp: 31xSM obs: <8.5
exp: <12.4

« Categories
#leptons, #jets, #c, p;V

Events after B-subtraction / 10 GeV

June 2021
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 Validation

(different selection)

VZ(cc), VW(cq)

Zobs:2'6’ Zobs:3'8

(Zeyp=2.6, Zgyy=4.6) 9
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ATLAS-CONF-2021-044

July 2021

« 3" generation Yukawa coupling to leptons

« Signature « Background « Categorization
MET (7 decay) Z(t1)+], top, etc. Mirror STXS: f(pr(H), #jets)
>1 jet (suppr. bkg + cateq)

° W « STXS

T TT I 0

ATLAS Preliminary H — 1t cross-sections (ly | < 2.5

[pb]
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Comb. 'Cr . -0.12 (Zo07 010 ) [ 1 1 I 1 i b
L v v b by e by b L Nijets): =1 1 22 >0 >0 =2 1 =2 2 |
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Syst. dominated by th. signal modelisation10
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HH searches

ATLAS-CONF-2021-035
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ATLAS-CONF-2021-016

ATLAS Preliminary Observed limit (95% CL)
Vs=13TeV, 139 fo! Expected limit (95% CL)

[ Expected limit +1c -
HH-—bbyy [ Expected limit 26 HH-bbyy
==

Theory prediction —e— Observed limit (95% CL)
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Combined|_

27.5-36.1fb~!

bbtvi—v|

139 fb~1

bbyy
139 fb~1
bbttt~
139 fb~1

Individual channels Full Run 2 (+partial comb.)

I

Non-resonant

LA B B B T L B B B T
ATLAS Preliminary — Observed
VS =13TeV, 27.5-139 fb~1 - Expected

Expected £ 2 0

Comb 5361 ﬂ)'l B Expected = 10

bbrt, bbbb, bbyy, WWWW, WWyy, bbWwW

Obs.  Exp.

6.9 10
Normalised to Oggr =1
Phys. Lett. B 800 (2020) 135103

2 5

40 29

Normalised to Oggr —
Phys. Lett. B 801 (2020) 135145

4.1 5.5

Normalised to Oggr+ var —
ATLAS-CONF-2021-016

4.7 3.9

Normalised to 0ggr + ver -
ATLAS-CONF-2021-030
|

[ | | ] 1 | R |
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95% CL upper limit on o (pp = HH) normalised to osy
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July 2021
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ATLAS Preliminary
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---- Expected
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Combined 27.5—36.1 fb~!

[Phys. Lett. B 800 (2020) 135103]
bbbb 126—139 b1

[ATLAS-CONF-2021-035]
bbt*t (resolved) 139 fo~1
[ATLAS-CONF-2021-030]
bbt+t~ (boosted) 139 b1
[JHEP 11 (2020) 163]

bbyy 139 fb~1
[ATLAS-CONF-2021-016]
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pp~2>H,,=2>BSM
pp—> BSI\/I;,EH%H

pp~>BSM H

Analyses below are moved to backup in order to respect time constraints (20°) :
(but described in detailed talks) :

14



ATLAS-CONF-2021-029

H,,-=2Inv and dark matter wuy s

* Hy,: mediator  Z(IH(xx), DM(y), scalar/Majorana fermion
Signature: 2 | + MET Interpretation: opy.nucieon="(Mwive)

T - T T
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e o 8 104 imits aig90%, ) 1 -
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exp: 18 % e e
400 - -
(Run 1+2 comb, ATLAS-CONF-2020-052 107 (= —
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Dark matter/Mono-H, H, s>y aviroe 2001

DM: Dirac fermion
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~ V’'DVH,HVT,)=2

June 2021

Jul.-Dec. 2020 5
* V'2oW(qq)H(bb) sl Large-R jets J(jj)° W’ =>W(lv)H(bb)
my- € [1.5;5] TeV /.= +jet substructure  my,. € [0.4 ; 5] TeV
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Higgs and vector boson coupling 9,
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High mass X: X-2>yy, X>ZZ=21lll, llvv

.« Xyy J=0: NWA: 160-3000 GeV
LWA: T: [0; 10 %]: 400-2800 GeV  « [imits Var-Nov. 2021

% T lA!'TL‘Ajé rrrrrrTrTrTrTrTrTT T T T T T T T T T T T T —_ LA L L L L L | _
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© Background-only fit o 102 Vs=13TeV, 139"
GAOPEN e Generic NW signal at 0.4 TeV ) E e Expected CL, limit 8 = ev, 3
-g S — Generic NW signal at 1 TeV 2 C Spin-0 Model ]
S1PE . e Generic NW signal at 2 TeV [S) 0 - - Expected + 16 NWA ]
102 E
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Conclusion

 Significant progress since Higgs 2020, ~40 results. Could not cover all of them.

« Evidence H>y*y=2>lly, STXS added for a few channels
« VH, H->bb combination resolved/boosted, inclusive very high p;"
« HH: full Run 2 for some channels since Higgs 2020

« BSM searches

« Follow wildcard talk and detailed talks on ATLAS analyses from experts on the topics

. A: ATLAS results
A: Wildcard [A] A+C: ATLAS+CMS results

*  Single Higgs (H’1-H")

A+C: SM Higgs-boson properties: mass, width, CP
A: H->bb

A:H>1t

A: H+top

A+C: Higgs do/dX, o4y, Ot

A+C: Higgs couplings, STXS measurements
A: STXS, do/dX, o5y H>WW

A: STXS, do/dX, o5y H2> vy

A: STXS, do/dX, o5y H>4l

A+C: Quark Yukawa interactions

A+C: Yukawa leptons

A: CP Higgs

A: EFT

A+C: EFT Higgs

A+C: EFT results from Higgs and beyond
A+C: Exotic/invisible decays Higgs

* Double Higgs (HH)
A: HH

A: HH full Run 2

A: HH->bbrtr

pp=>BSM_;2H, pp>BSM H
A: Low/high-mass resonances
A: Searches additional Higgs
A+C: additional scalar

A: Exotics/rare Higgs decays

Prospects
A+C: Modelling S, B: needs
A+C: Higgs Run 3, Run 4 and beyond
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ATLAS, Run 2, Vs=13 TeV, L=139 fbl, ATLAS-CONF-2021-014
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| —CPeven

200 et et

30 ggF H - WW* — evuv -
---CP mixed (tan(a) =1.9) |

I N N P

Lowest 95 % CL excluded value

0 T

2n

Assume pure CP-evenH (V,,V,)
q T ___
A(I)jj
V
VBF H
(shape & rate)
v
S o amassmueion || ] g = 9Hvive
@ [ Vs=13TeV, 36.1 fb" ] L g
& oo VBF H - WW* — evuv ] HVV
i r —aL=1.0,aT=1.0(SM) 1 gHVTTVT
-3, =122 =10 --3=10a-=18 | aAr = ————
15[ Lowest 95% _C_:_I__ excluded valuer guvv
i (SM: 1,1)
105 ] ]
-------- L R Translated in
A , Lorentz-invariant
Lo T R IDCDKVV’&:VV
0 m 2n (SM: 1, 0)
Ad)
_ +0.10 +0.09
KVV = 0.91%51g (stat) Iy77 (syst) (Oth?r
= 0. 13;\’/% 28 (stat) T598 (syst) profiled)
Results con3|stent w/ S 32
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First analysis on this topic



H%W(ev)W(uv)+jj CP, polarisation

ploor . _FHss (ke COS@IGE,GTH + ki sin(@)Ga, G ) H - Run 2, \s=13 TeV, L=36.1 b, CERN-EP-2021-096

4
SM CP-even CP-odd

« Selection

=2 OS # flavour leptons, m,>10 GeV

Veto events/ b-jet (suppr. top)

m_<66 GeV (suppr. Z(t1))

BDT
+topology (ggH/VBF)
Bkg data- drlven
§ L ATLAS rTm ] _e— Observed § 8~ aTLAs 7T —e— Observed
2 B (5-13Tev, 361 1" ggH —] %7~ Total unc. 2 - {s=13TeV, 36.1 ' VBF -{ #~ Total unc.
2 - H— WW* - evuv | . ggF + 2Jet_s 2 - H—-WW*— evuv - I VBF
g B . _ F + 0/1 jets 2 6— — F
= ggF + 2 jets SR £ 99 J = VBF SR - B goF
o - - I VBF M - 7 -| I Other Higgs
— —{ I Other Higgs B | W + jets
B I W + jets 4l | Z + jets
- [ Z + jets 2 - Il Diboson
[ Diboson 1, Wt
[t Wt
-8 = T T T T T T 3 _8 14 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5 12p . & 1z
§ . ;%#/)ﬂ/(/f*/%;ﬁ/:—///{#1//%*///*4//;?%‘*//7}-’//;% § i ;% //f / /% / /jﬁ/ %
O — % o

Aq’ij’ u



H->W/(ev)W(uv)+jj, CP, polarisation

« Higgs: scenario mixture * Coupling HVV=f(polarisation)
tan o : mix {0** (SM), 0*} Assume pure CP-evenH (V4 V|)
assume std HVV q
- - — A@JJ - L )
g 1%
H B, VBF "%
J9 ! (shape & rate)
At Vv 1%
(]\QQQQ.Q/ qg — tf -} 1 q N
é | ATLAS Simulation ] S | ATLASSimulaton 9uv,v,
§ | Vs=13TeV, ggF H—>WW* evuy | 8 027 (5-13TeV, VBFH > WW'sevw | Qp =
£0.15- —CPeven --CPodd -- CP mixed-| € [ —a=10,a=07 --a =10,a,=13 9Hvv
2 I |an)>3.0 1 & | wa=07a=10 —a=13a=10 -
Heop Wl —aL=1.o,:=1.o s An[>50  qp = M
0.1 9uavv
0.5}, -
I I | | I | |
0 2 4 6 0 2 4 6
A, A
tan 0=0.0 + 0.4 (stat) + 0.3 (sys) Translated in Lorentz-invariant PO «, &y
Results consistent w/ SM 34

Run 2, Vs=13 TeV, L=36.1 fb!, CERN-EP-2021-096 First analysis on this topic



m||<30 GeV m“’Y
Dalitz dominated
(FSR negligible)

Background : lly

Selection

>1y, pr>0.3 my,

>2 1 (e, p), OS same flav., or =1 merged-ee (6~m/p+)
pr=f(flavour, resolved/merged)

pr(ee)>0.3 my,

m,<30 GeV (suppr. Z)

Veto few Il resonances (suppr. J/y, suppr. Y(nS))
m,,€[110 ; 160] GeV

Categories (event topology, lepton flavour)

Final DV

Z

obs

Run 2, Vs=13 TeV, L=139 fb1, PLB 819 136412 (2021)

30r
o5

20¢

2 weights/ GeV

15F

10F

5F Vs=13TeV, 1390
 In(1+Ss,/ By,) weighted sum
| I I |

Bkg
Bkg+H—7y
— Bkg+H— vy + Sig (u=1.5)

t

PR - Bkg

L B L L B N

0}1*&%_ b bt byttt s b,
[)
_2} + + "

110115120125130135140145150155160

=3.2 (Z

exp

My, [GeV]

=2.1)&first evidence

||||||||||||||||||

ee resolved VBF-enriched
ee merged VBF-enriched

Ly VBF-enriched

JRS——

ee resolved high-,oTr
ee merged high-pn
e high-p_

ee resolved Iow-pn

ee merged Iow-pTr

iy low-p_

{s=13TeV, 139 fo"
-+ Total unc.

ATLAS

Syst. only

10
oxB/(cxB)gy,

u=1.5+ 0.5 (stat) 92, , (sys)



H->vy=2l1ly, low m

Run 2, Vs=13 TeV, L=139 fbL, Phys. Lett. B 819, 136412 (2021)

I=

Dalitz Ydecay FSR
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« Selection
2 photons tight isolated
Categorisation<>STXS

« Background
YV s )
Direct fit on data

(ABCD for estimating composition)

« Final DV: m,
o W:1.09 +/- 010

° l'li

\\IIII\lllll\IIIII\IIIII‘IIII‘\IIII\\II
ATLAS Preliminar
(513 Tev 1391 FedToal [ st EISyst | swm
H-yy, m =125.09 GeV
H Total  Stat.  Syst.
|
ggF + bbH e 1.0240.11 (£0.08 ,+ gg;)
VBF HEs=H 134+ 030 (£0.18,% (120)
WH 88— 233+ 03 (* g5 .+ g1 )
M —e— 064+ 82 (£ 35,5 80
ttH + tH I—E|—| 092+ o3 (£ 035 ,% oo
1 1 1 1 I 1 1 L1 | L1 L L I 1 L1 L I 1 1 L1 ‘ L1 1 1 ‘ 1 1 1 L I L L 1 1

-2 -1 0 1 2 3 4 5

6

o/oR"

couplings

Run 2, Vs=13 TeV, L=139 fb ATLAS CONF- 2020 026

Zobs (Zexp)

7.5(6.1)
5.6 (2.8)

4.7 (5.0)

STXS

T T T T | | T T T I T T T I T
ATLAS Prellmlnary I'"ITotaI Stat. = Syst. | SM
Vs =13 TeV, 139 fo’
H—yy, mH =125.09 GeV ' Total Stat. Syst.
39K 00 <510 =y 076 ‘a (£0.26, ‘g
99-+H 0Jpl! > 10 ‘H( 1147 0% o5, 101
ag—H 14 0<p!' <60 F_f_| 0.91 +00:; (= 0.40, +($11sg)
9g—+H 1060 <! < 120 |_I-_| 1.18 4-';333_? (+0.37, *(?v;:)
9-2H 14120 <pl1 <200 = 070 +0.52 (£0.50, 'Oy
s smo i —— o 12 (I 9
9g-+H 22 0 < my,; < 350, 60 < pl! < 120 —— 0.28 +0.59 (-::?5587‘ :301123)
gg—+H 320 0 < my; < 350, 120 <p} < 200 v 0.60 +00:78 (+ 0.45, +0011:
———vi 225 0 (0, 0T
e o0 00 (8% 0
oo <5< 40 = 020 55 (B ooe)
—— o
———— PR R
9a-HGQ 220 0 < m < 60 || 120 <m <350 b——————— 315 +117824 j1|,6?20 +on;71
qa-Haq 220 60 <m <120 —— 0.76 33.;5 _428%1 +002245)
qu—)quZZ.J350<m“<7[]0.0<p:<200 Pé_' 0.79 +006753 -:f:; ﬁ):ﬁ
qq->Hgq 22J m > 700, 0 <p!' < 200 I-iIE-| 1.00 ,*3;5 (ﬁé? 3301271)
9a—Hag 22/ m | >35np =200 135 +(§):§ LU;; +0012_’51,
qq—)Hr\lO-cpl <150 241 {007?[}1 (+ 067, +§1252)
——— eiE 2
o 5 02 53
e RIS
tlHﬂ<p:<6D 0.76 +é]7803 -»:;]:; +DO1271
UH 60 < pf < 120 |_._| 0.72 +0045; (4-(;34523 +‘?01g3)
1tH 120 < pl! < 200 |_J-_,| 1.06 +005&f (+00:21 +001147,
ey > 200 = 096 Jup (oss: 910)
" —e—— s 220 0
oo oy ey ey by ey by oy oy |
-4 -2 0 2 4 6 8
"/,

No significative discrepency wrt SM




H(yy): couplings

Run 2, Vs=13 TeV, L=139 fb-l, ATLAS-CONF-2020-026

"

—— Signal + Background

Data

Background

—
ATLAS Preliminary

Vs=13TeV, 139 fb™
m, = 125.09 GeV

All categories
In(1+5/B) weighted sum
S = Inclusive

:JJ_L||II|||||\||

Data — Cont. Bkg.

140 150 160
m,, [GeV]

Pt < 200 GeV

=0 jets

> 2jets

my; < 350 GeV

my; = 350 GeV

P < 200 GeV

= 2jets

| V(lep)H |
Hiv, pYf < 150GeV
aq' — Hiv
HEE, p§ < 150 GeV
pp — Hit
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* Py, Category used historically for fermiophobic analysis
drawback : turn-on effect on invariant mass t = (pr() = p1(3))/|PF (1) = Pr(7s)|

* new variable : py; : transverse projection of pr,. on thrust axis
threshold p, : 70 GeV

Sensitivity gain : 5-10 % (f(my))

Advantages * Lesscorrelatedtom,,
» discriminant against bkg . Less sensitive to resolution effects
th hlgher for VBF VH ttH high pr,, : Ao << : similar to pr.,
(%D, e j low pr.,, : Ao >> <=small angle {thrust ; yy}
© — VBF+VH -uncert. long.. : dp; X cos (small angle)
é_ﬁ 10” f;ﬁ,ﬁjj, Mc 3 ‘ -transv op+ x sin (small angle)
% 10_2;_ - —4— Data, sidebands —i. E ‘ — elow effect
prd - E g 3
= ATLAS Ty 1 &
1045 " untagged Central -?}-h‘i“---: . _+_
jl_dt 20.3fb" \s=8TeV au
T H—>yy,m,=125GeV T
1055...|....|... N N N H 39
O 50 100 150 200 250 300 AO.GI ‘ ‘-0.4‘ ‘ ‘-D.EI - OI I ‘0!2‘ I IO.‘4I ‘ ‘0.6

p. [GeV]

(true - reco) / true



m,=125 GeV

V (vv/IV/ll): suppr. Multijets

Probe BSM (high p;V)

« Bkg (data-driven)
f(category)
Primary: V+HF, top

Secondary: 1-t, VV, multijets

Run 2, Vs=13 TeV, L= 126 fb1, EPJC 81, 178 (2021)

e Selection

b-jet correction: ¢ | 20-40 %
=2 b-jets (R=0.4), >1 p>45 GeV

BDT
Categorles #l, #Jets PV

I~ ATLAS Simulatio
- fo- 13TeV, 130 5" 7
: qq—> ZH - libb *
— 2 leptons, 2 jets, 2 b-tags

E; p¥ > 150 GeV 4’

= o \
e,
D\ |

Events /5 GeV _

o Sta d dCIb atio (td)
A Muon-in-jet Correctiol
= PtH 0 Cori ecnon
@ Kinematic Fit

c[GeV] (o,,-o)o,,

—_ N w S (%)) (2] \l
T TT T TTT T[T TTTT

0 ?0 40 60 80 100 120 140 160 180 200

O

my, [GeV]
. — :
° final DV M Y ¥ ATLAS "VH,Ho bb (=13 Tev, 139 fo STXS 1 2 7
f R I I I R ._..|_.D.a.‘a| e e  EEE —Total Stat. : = ATLAS V:I,OHbAbbc,’V a.ll-e::)lonscrnss;e::tions E
o - ATLAS Tot Stat.. Syst -8 - {5-13 TeV, 139 o served == Tot. unc. at. unc. |
E i {s =13 Tev, 139 fb” . \[.;10':‘-0% bb (=1 02) ot. (Stat, Syst.) m 10° = —Expected [_|Theo. unc. =
‘g 0 lepton, 3 jets, 2 b-tags fi WH e+ 0.95 4?2257 {;?1138 ’ jg:sg ) XD ; ' E
@ 10 £~ 150 GeV < p! <250 GeV Single top 3 Zobs:4 0 J(::QD C V=W , V=2 ]
E Il W+jets . % 10 = | _ =
Bl Z+jets - E —— 3
. © E 1 7
[7] Uncertainty 1 +0.25 +0.17 +0.18 —F \ _ ]
«+=« Pre-fit background | ZH i Z :5 31 08 -0.23 {70'17 * 015 ) 10— ' — _
— VH,H >bb x40 _| obs = 1L 5 — 3
Comb. _ +0.18 012 +0.14 L f ]
(3% Zob =6. 71 .02 _017 (Zo17+ 7013 ) % 1.5 - - T T ]
................................ [ = 1 : . . 2
005 T s 2 55 3 85 4 45 s 2 osf 1 < = ]
bb o C ! L
n .
VH 1'50Y ol 75 2, I50 2N
ot T >25 Sost SR 5 25
: "2, Gev T Tsg,, 20, Gy
S12F " T T 1 T T T 1 el
: et et ++
o 1 —o—t—'-*——-.a-_._._ —
Sosbo o Ty o STXS=f(EFT) [SMEFT, Warsaw]
o -1 —08—06—04—02 0 02 04 06 08 1
[ J

BDT,,, output

Validation: m,, + VZ

Boosted topology >1 J=jj (2 track-jets), p+¥=250 GeV, including p;¥t>400 GeV 40

Zops=2.1 (£oyp=2.7), N0 deviation wrt SM

Run 2, Vs=13 TeV, L=139 fbl, PLB 816, 136204 (2021)



Run 2, Vs=13 TeV, L=126 fbl, EPJC 81, 178 (2021)

Wilson coefficient Operator Impacted vertex
Production Decay
CHWRB QHWB = HTTIHWJVBMU HZZ
cw Quw = H HW,,, W+ HZZ, HWW
Ry S
Cg’(); Qf,;?’; = (H'iD,H)(g,7"v"q,) qqZH.qd WH
Cgé Qg; = (H Tiﬁ#H )@ ar) qqZH
Cra, Qru = (thﬁ#H) (7" u,.) qqZH
CHd Qua= (H' JH)(dpyHd,) qqZH
Cay QdH_ (HTH)(qu) Hbb g 10: LI R R I B T T ] T T T [ T T T ] 1T ]
9, 95— ATLAS # 36.1 tb™ arXiv:1708.03299 _f
ATLAS /s =13 TeV, 139 fb" ..E’ 85— (5=13 TeV, VHosbb ® 798 ﬂi‘ arXiv:1808.08238 _E
—68% CL ---95% CL VH,H - bb, A = 1 TeV z F + 1o’ cERNER2020087
. . . c 7 - \:| Scaling from 36.1 fb =
B Linear (obs.) Linear + quadratic (obs.) @ = 4+
e Best-fit (obs.) E 61 optimiste scaind =
Linear Linear + quadratic 8 E -
68% CL 68% CL S S .
©) - [-0.017,0.029] [-0.018, 0.026] w4 S samisti soaling
Cyyq [x10.0] . A e - ]
Cry [X 5.0] - —— [-0.081,0.22]  [-0.19,0.10] BE-#7 -
2F =
Chw [x 2.0] Rt el [-0.17,0.21] [-0.24, 0.18] - I l | l I I -
1 1 1 1 1 1 1 1 1 1 1 1
Coyn [X 0.5] - - - - [-0.46, 1.3] [-0.44, 1.1] 40 60 80 100 120 140 §
HWB ° Integrated luminosity [fb™]
Cyy [x0.05] [nimmminis —8 [-13,3.3] [-10,3.8] U[29, 43]
1 1 1 I 1 1 L l 1 1 1 I 1 1 1 I | 1 1 I 1 1 1 I 1 1 41
—2 0 2 4 6 8

Parameter value



m,=125 GeV

Events / 10 GeV (Weighted, B-subtracted)

prV>250 GeV

« final DV
FT T 17T | LILEL I LILEL I T 17T I LILEL I T 17T I T 1T 17]
6~ ATLAS - Data .
L s =13 TeV, 1391 I VH, Hbb (u, =0.72)
B 0+1+2 leptons [ Diboson (u,,=081) —
I = 1large-R jets, 2 b-tags ["] B-only uncertainty
[ pY =250 GeV ]
4f P
- Weighted by S/B 3
3 -
25 7

=

60 80 100 120 140 160 180 200

m, [GeV]

3p<400 GeV
o p‘r'z«wn GeV
oL
Jsp;’doo GeV
- p:2400 GeV
L

J<p<400 GeV

Y2400 GeV | |
¥

2L
Jsp;’duo GeV

S p‘r’2400 GeV

Comb. |

Run 2, Vs=13 TeV, L=139 fb-l, PLB 816, 136204 (2021)

* Production modes

ATLAS

——
Boosted VH, H — bb

Vs=13 TeV, 139 fb"  —Total Stat.  Tot. (Stat,Syst.)
I = A 072 48 (wmray
0 —H 080 T (98 38)
| F—e 077 8% (8 0
S e = o8t Sp (E ey
: b 146 5% (04 i)
e F 100 G (R )
| 004 G (54 3F)
I . 024 i (5% 93)
I ":0:* e 2000 5 (B )
e 051 a5 o)
—e—H 099 o5 (T8 5%)
et 07295 (33 %%
| I P RS T | PR PR
-1 0 1 2 3 4 £
bb
Z.=21(Z..=27) "=
obs™ < exp” <
[ ]

e STXS
T e
ATLAS Boosted VH, H — bb Vs=13 TeV, 139 ot
® Obs. = Tot. unc. Stat. unc. Theo. unc.
Tot. (Stat., Syst.)
WH, 250 < p!*" < 400 GeV F—e— 0.57 ‘55 (0%, %)
WH, p™* > 400 Gev —e—i 168 "ro0 (0% i)
ZH.250 <p* <400 GeV | b-—e—1 0.34 975 (7959, 04Ty
2 0000 | o 023 8% (95 %)
s by o by by by s s by s by s by s by

EFT

el [x 10.0]
cy, [x5.0]
C [x2.0]
G [X0.5]

chHI [x 0.05]

i 2 3 4 5 6 7 8
o x B normalised to SM

ATLAS Vs=13TeV, 139 fb"
—68% CL ---95% CL Boosted VH, H — bb
| | Linear (obs.) A=1Tev
Linear + quadratic (obs.)
L Best-fit (obs.)
|- - ——- - {
L
(EETTEEEES L m——r T 4
L ]
brrmme=~ ———t——— 1
be--e- ———— oo B
----------------------------------- —g | frossmsnmnnnsd
..\....\..\.I..\.-\....I\42\I\..\
- - - 0 1 2 3

Parameter value



Combination VH, H=>bb

Uyn=1.03F

HVH:1'OOt8:%§

0.28
0.27»
0.25
0.23:

Run 2, Vs=13 TeV, L=139 fbl, ATLAS-CONF-2021-051

d Zobs:6'4 (Zexp:6-3)

Z =41 (Z,;=3.9)
Zobs:4'6 (Zexp:5-0)

% ' ATLAS Simulation Preliminary ]
3 1 pp — WH — Iv bb, Vs = 13 TeV, 1-lepton selection h
s —— Resolved only 1 o ul
] Boosted only i
5 08 — Overlap =
§ 05 g
L ]
0.4 -
0.2 25 % — +
: 1,,=0.97+
850 300 350 450 500 550 600 650 700
Py [GeV] o
Resolved Boosted
(R=0.4) (R=1.0)
Motivated also by STXS boundaries
(reco categories mirroring truth bins)
g - ATLAS Preliminary VH,H — bb, V - lep. (resolved + boosted) 3
¢ STXS 1'2 -8 10° ;@=13TEV, 13; ftl).w Y ® Observed == Tot. unc. Stat. unc. é
[an] E = Expected Theo. unc. E
e 102 . Vv : V=2 N
W —— E
E bl —— =
2 ol = -
% N _i_: ]
E : T3
s F — -
5 ] —3 t ¥ 3 3 =
§ ot - i
4

W 2
750¢p41250<p‘4’ﬁ' s 9, 07S<D2_1 750?9<z250< Zf'GT s 400G
r <
r <230ée;4oogefe|, rsoegvresoée;mo%vev

EFT

ATLAS Preliminary
—68% CL ---95% CL
* Best-fit, observed
m Resolved (EPJC

Boosted (PLB 816 136204)

m  Combination

Vs=13TeV, 139 fb”
VH,H = bb, A=1TeV

81178)

¢y < 10.0]
¢y, [x5.0]

Chuw [x2.0]

Linear parameterisation

¢y [x10.0]
¢y, [x5.0]

Cuw [x2.0]

,,,,,,,,,, —_—
IJ‘LIIIllIJJ{IIII:IJ\Llllllll\tl

-3 -2 -1

o 1 2 3 43
Parameter value



Combination VH, H=>bb

« STXS

1.2

Truth level Reconstruction level
™| 150GeV<pMi<250GeV |
WH, W— Iy, H—bb |—+| 250 GeV <p'i <400 GeV | —
—»| P> 400 GeV |
| 73GeV<pzi<150GeV |
™| 150GeV<pZi<250Gev |
| 250 GeV <pZ<400 GeV |
L | PE>400 GeV |
 EFT
= 2.5 - . . .o . ]
» t ATLAS Simulation Preliminary —7 STXS bins ]
< of O _o.048 —— «-+5 STXS bins E
= E' Chg =Y Linear parameterisation E
o ey R p—— s
< 1.5: ;
= :'""—"“I - —— T 1
o 1= —
2.5 =
F ¢y, =029 ]
2 =
1.5F 4,_|7 =
1'_ .............................. - ] - - -
25F T T T T T T —]
E Cpy = 0.41 ]
2k -W -7 =
) -] S -
1-_ 1 é 1 1 1 1 e 1 _-
7 ol 7 O,
D % o O\F & 3 e
Yos o4 Yy Q5 Yoo Yoo g
Rz %, 00@ x o ; < ; 2
by ™ 7
[+ <% Z ®
3 ko) o 6‘00 00@ L
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VBF, H->Dbb

Large An gap Run 2, Vs=13 TeV, L=126 fbL, EPJC 81, 537 (2021)
No colour flow % 1;_. EETS%TEN’ 126 1t |
(suppr. hadr. activity) o :
q q’ _d g 107 = ! ® » ® x ® % ® %
- Background < Selection . :
Primary: QCD b-tagging: BDT (MV2c10) 1”'2?!h?5"ﬁﬂqiii§%iiil%. h [N
multijets, Z(bb) b jet correction : o(m,;)] 20 % p wVEE .
Data-driven p;°°>150 GeV (avoid shapingmg,) & e
Categories fwd/central jets + NN § ' aans g t A
E 0 0.2 04 06 o.e:\ N Scor;
"""""""""""""""""""""""""""""""""""""""" « Results
* Final DV Sy Bonus STXS truth bin
C |"'|"_.'_|a'a"|"'|"‘: bs—4&-
20 ?Ezﬁg'?rev,lzs f! -E—t@ (w _=0.9575) ZO 8—2 8 pTH>200 GeV (BSM)
- VBF H — bb Z—bb  FPb . exp— <" AN - .-
15F. Weighted by Higgs Boson In(1+s/b) E no deviation
E } 2zBackground uncertainty E ]
10F 3 =0.95%9-38 dominated by stat
: E 0.36

— - * |
° W + ; - Combined w/ VBF H(bb)+y (Z,,=1.0 &)
7 B (JHEP 03, 268 (2021), 132 fo?)

_5; + —] _
C L 1 Il | L1 Il | T 1 | L1 L | L 1 | L 1 L ] ZobS_2|9 G 45
80 100 120 140 160 180 200

m,, [GeV] Zexp:2-9 o

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



Events / 10 GeV

Data-Multijet

Data-bkg

Very high p+, H=>bb, all prod. modes

pr>450 GeV (even p;7>1 TeV bin) °
H->Dbb reconstructed as single large R jet
b-tagging for contained tracks

12T T

~ ATLAS Preliminary

[ Vs=13TeV,1361b"
1—SRL, pT>1TeV

I+Datlaull”l

- H, p': >1TeV (1=26.38) |

Bl

100

(o))
o

o

|
a
o

T

80 100 120 140 160 180 200

Jet mass [GeV]

80

c/c(SM)

40

20

60

Limits 95 % CL

| I
- ATLAS Preliminary

| Vs=13TeV, 136 fb™
. ®  Fit
95% CL Upper Limit

1
1000

1500
Py [GeV]

First ATLAS study w/ H->bb very high p; and no
particular production mode
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-010/

H->bb w/ VBF + photon

Run 2, Vs=13 TeV, L=132 fb-t, JHEP 03, 268 (2021)

October 2020
b
b
— ' ' ‘ ‘ | ' ! ‘ ' ! ‘ ! ' I ‘ ! ' ! -
— ATLAS e Data -
— —_ - — -1 B Hyii(n,=1.3) ]
Zops=1.3 (Zeyp=1.0) I = 13TeV 18217 gy :
- VBF H(— bb)+y 2/, Bkg. Uncertainty

— Weighted by Higgs Boson S/B -

|

1 1 1 | | 1 1 | 1 | 1 | 1 1 I | 1 1 1 .
50 100 150 200 250
My, [GeV]

Weighted Events / 10 GeV (Bkg.-subtracted)
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V(vv/Ivill)H(cc) Run 2, Vs=13 TeV, L=139 fbl, ATLAS-CONF-2021-021

« c-tagging « Selection « Categories
DL1,, veto b (MV2) prV>75 GeV -0, 1, 2-leptons
eff(c)=27 % >2 jets -2, 3 jets
eff(b)=8 % 1 signal j w/ p:>45 GeV -1,2c¢

=160 signalj_:highest p; central | -n_V fOf 2-]
efr()=1.6% Veto b-jet for non-signal j (- VH(bb)) +pgR§ )

AR(j,))<thr for signal jets

* Final DV  Limitp * i

o 1mi J
f|||l|§\\\‘||||\\\||||||||||\\‘\, ATLASPreIlmlnary [ 1+1c Ilm|t95/()
- ATLAS Preliminary e Data i 5=13 TeV. 139 fo ! I 20
40001~ {5 - 13 Tev, 139 fo” B VH( cE) (u=-9) ] WV Hoe Expected ObS <8 . 5
L 04142 leptons B VZ(- cB) (u=1.16) - ’ —— Observed
| 1+2 c-tags, All SR M VW(—>cq)(u=083) | | s .
3000 B-only uncertainty _| gxlel:_“:onx SM eXp . < 12 . 4
—SMVH(5¢®) x26 |  Ops. 35 SM

1 lepton
Exp.= 60 x SM
Obs.= 50 x SM

o

o

o

=)
I

2
P

1+BM  (k2-1)

H—cc

__________________________________________ K
ﬁVH((:E)(Kc) =

Events after B-subtraction / 10 GeV

2 lepton
Exp.= 51x SM
Obs.= 49 x SM

—_
[=
[=)
o

ombination
Exp.=31x SM
Obs.= 26 x SM

[ T ||||||
vl b b b b b by 1y
60 80 100 120 140 160 180 200 0 20 40 60

0

B0 100~ Validation
m,, [GeV] 95% C.L. limit on M VZ(CC) VW(CC]) 48
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Data/Pred.

E {s=13Tev, 139"
0 lepton, 2 jets, 2 c-tags
SR, py = 150 GeV

—e— Data

—— Signal + Background
B VZ(— cT) (u=1.16)

[ VW(— cq)
VV Bkg
top(other)
top(b)

B W+hf

o Wemf
W+If

B Z+hi

e Z+mf
Z+If

I VH(— bb)

Uncertainty
= SM VH(— ¢T) x 300

ik NN (L A S L B L L N L LA N L B BN B

C ATLAS Preliminary

(1=0.83)

e LA e e o T
o —— ;+._L_+_Tﬁﬁf
;—""‘—.—’ —— —— T +I \‘E
Eelvv v b v b v v b b b e by 94
60 80 100 120 140 160 180 200

m,, [GeV]
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H->1t

= = -1 - _ _
TeTy TiThadr Thad Thad Run 2, Vs=13 TeV, L=139 fbl, ATLAS-CONF-2021-044

* M
« Background ATLAS Prefiminary H - 7t 15~ 13 TeV, 139 10"
- - — — ly | <25

Prlmary. Z(TT)"‘J tOp Total Stat. Theo. -;‘Ot

. y . (Stat., Syst.)
Secondary: Z(ll)+j, W+j ttH . 153 1% (4% 9a)
Modelling : MC+data-driven VH| »—g— 095 02 (0% 2%)
« Selection 00F | wa= 7 =39 09 e (15 B%)

+0.19 +0.13 +0.15

>1 jet (suppr. bkg + categorisation) VBF| v 7, =53 089 %5

MET>20 GeV (V) Comb. - 'T L 0.92 %13

1 2 3 4 5 6 7

OS r, inv. mass, angular cuts, veto b-jet, (apart ttH categ.) ° (6xB)™* / (oxB)™
« (Categorization " STXS

o 105 ATLAS Preliminary H — tt cross-sections (Jy | < 2.5
- [} g H
STXS 1 2 y f(p (H) #J etS) = Vs=13TeV, 139fb" o Observed —Tot. unc. — Stat. unc.
L] 0,
' T ! o 1 Pgy=95% — Expected [[] Theo. unc.
Pmril;ction STXS bins Event categories ~ ATLAS Preliminary X__
modes H-1r © 1 1
4 POI 9 POI 10°
] I - tiu T
- 1tH ta or =6 jets and =1 b-tags|
———— ttoggers_| 10
- VBF t Ny =MN<0 | =0 brtags 7
VBF_0 | mpaso " 1078
= Vihad)H tagger N 'g wn 4 ]- ' H -
VH_O L ° F i H | ]
or{H)>200 pr(H)>300 priH)=300 pr{H)>200 = ok : : J
o — g e | . BE
e em § b TEe LI 3
22 jets  m;>350 _ | | | | | | 1 | 1
= w_ boost 1 geg) 120<pHI<200 _22jets  pilt)<200 Nets): =1 1 =22 20 >0 2 1 =2 22 |
e — P (H) [GeV]: [60, 120] [120,200] [200, 300] [300, e[ [0, 200] : :
£ 60<pr(H)<120 00<priH)<120 ! ) ) ) ) \ ! :
_ itk boost_0_ge2) [Em—— _ m, [GeV]: [0,350 [0, 350] [350, [ | [60, 120] [350, [
=i 11e O 5120 oot 0.1 EEESIEON=T gluon fusion + gg — Z(— qq)H " VBF+V(—qgH ' tiH
120<pr{H)<200 boost 11 120<pr(H)<200




H->

* Bkg
inclusive: Drell-Yan
VH, ttH: VV, tt, 1-t, etc.

e Selection

>2 0S u

BDT

Categorization (20): ttH, VH, VBF, ggH

* Results

Z.,=2.0

Zoyo=1.7

Uncertainty dominated by stat.

Sensitivity x 2.5 wrt 36.1 fb!
analysis: x 2 (stat), +25 % (analysis)

m,=125.09 GeV

Run 2, Vs=13 TeV, L=139 fb-l, PLB 812, 135980 (2021)

1
& 300 ATLAS -+ Data —
~ - Vs=13TeV,139fb" — Total pdf 3
= 250~ — Signal pdf
2] H— gha'p =
= - HE --- Bkg. pdf 3
2 200 -
T - 3
150 —
100 =
50F- B
E') 1000_ =
- T X
w -500 +
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
| T T T T | T T T T | T T T T | T T T | T T T T
ATLAS {s=13TeV, 139 1b" H -
e+ Total Stat. EISyst. | sMm Total Stat. Syst.
VH and ttH categories f—————1 50 £35( £33, £1.1)
ggF 0-jet categories —&— 04 £16 ( £1.5, £0.3)
ggF 1-jet categories = 24 12 ( £1.2, £0.3)
ggF 2-jet categories e 06 £1.2 ( £1.2, £0.3)
VBF categories I|—I—| 1.8 +1.0 ( £1.0, +0.2)
Combined HH 12 +06 ( +06, fgf )
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | 1 1 1 1 | 1 1 1 1 I
-10 -5 0 5 10 15 20

Signal strength

o1
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HH  searches

105} 51’LA5 Preliminary _, — Observed limit (95% CL) 1
s=13TeV, 1261391071 ___ £, cited limit (95% CL)

Spin-0 o
Expected limit + 10

J:O Expected limit +20

——- Resolved expected limit
=== Boosted expected limit

* bbbb

July 2021 'resolved " boosted
1251-1500 Ge 900-3000 GeV
Largest rate

. |-|- AN\
I 102}
Final DV: m,,  Hy H !
) C HECI
: g’o‘. Pairing: BDT (+]=2) ol

Oggr(pp—X—HH) [fo]
2

4005 [,
CIJSER
200F

e Limit g limit | EEmmm———SSe e
102} 3

obs: 4.1xSM obs: [-1.5,6.7]

Expected: k) € [-2.4.7.7]

exp: 5.5xSM  exp: [-2.4,77] v 0306500 406 500 600" 700" 800" 900" 7000 -

| m, [GeV]

250 B0 1000 2000 3000
—————————————— - m(X).[GeV]
Ig L L I L L L L B 3
* Dbbrtr ‘s [k oM b ] FATUS +—Observed
. - - ep “had A r i h
JUIy 2021 1 ? B: B Comb. Bp. 410 -+ g B, F o =13Tev,i30f’ Expected
Thadrhad’ ’Chadrlep I = [ Comb. Exp. 26 —— 1,,47,,,Obs. ] 10°E Ei{lﬁ
1y L resolved boosted
- - - I ~ E
Intermediate rate Limits c(HH->Dbbrtt) |} . -
. I 5_2 _~.-_._:'_::_:.:..-_...._-___:::._M_____-_:_:_::: ________________ : 3
obs: 4.7xSM E oL e
i - 1S 0
. . ) c ATLAS Prehmmary( ) oL, JHEP 11 163 (2020)
Flnal DV MVA exp 39XSM I ﬂ\z P Is = 13TeV 139 b 2 G gIObaI 10001500 2000 2800 3000
(N 400 600 800 1000 1200 1400 1600 m, [GeV]
e o e e e e e m - m, [GeV]
I X
= 10° ' ‘ ' i i i " ' ‘ I z 1000F———T——T——T——T—— T T T
o bb g ATLAS Preliminary ~ —— Observed imit (95% CL) =3 E: E
VY March 2021 T V5=13TeV, 139 fp~1 ~~—~ Expected limit (85% CL) g %00 J:O ATLfsst\r/elgs'anf 4 e
V I I 4| HH—bbyy 3 Expected limit £1c 1 % 800F I-{|_H bbyy —
L . = - =
ery OW rate léi 10 E 5:22?;652;:;;?16 : Zé, 700? —e— Observed limit (95%81-) E
- : < Y% SM prediction 600 K% 0 Expected |fmft(95% L) :
_Final DV: m,, o M coemiinizi 3
|
|
|
|

100E-



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

Resonant X->H(bb)H(bb), J=0, J=2

gg initiated, m,=125 GeV

Resolved: my € [251 ; 1500] GeV

Run 2, Vs=13 TeV, L<139 fb-l, ATLAS-CONF-2021-035
* boosted: my € [900 ; 3000] GeV

|ANLLl<1.5 (suppr. multijets)
top veto (X<1.5)
Kinematic regions SR, VR, CR (X,)

=

>2 large-R jets, p>250 GeV

In|<2.0, m,;>50 GeV, >1track jet (b)
>1 H w/ p>450 GeV

|ANyLl<1.3 (suppr. multijets)
Categories #jets & b-tag status
Kinematic regions SR, VR, CR (X,,1)

m(H,) = 120GeV\* (m(H,) ~110GeV\* \/(
0.1 x m(H,) )+( ) e

Final DV. corrected My,

—_
(=]
N
T

101}

100}

ATLAS Prellmlnary
F Vs =13TeV,126-139fb" _
[ Spin-0

J=0

— QObserved limit (95/ CL) 1

== Expected limit (95% CL)
Expected limit + 10
Expected limit £20

- == Resolved expected limit

——- Boosted expected limit |

250

|5(I)0I L

7000 2000 3000
m(X) [GeV]

0.1 x m(H,)

m(H,) — 124G<—N)2 (m(Hz) - 115 Ge,v)2

0.1 x m(H,) 0.1 x m(H,)

Final DV: mHH

105¢ ATLAS Prellmlnary
Vs=13TeV, 126-139 b
Spin-2

-y

o
w
T

2

T

T

Kol

S J=2
g

o]

102}

10

1004

— Observed limit (95/ CL) 7

—- Expected limit (95% CL) | broader My
Expected limit + 10 _
eoeceaimi 2o 1 At low mass+deficit

- == Resolved expected limit
- == Boosted expected limit |

—— RS Graviton, k/Mp =1

Excl. region of mass
| for RS
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HH->bbbb

gg HH VBF HH

Non Resonant Limit (XSM) Non Resonant Limit (XSM)

Observed | 200 -l Expected +lo +20

Observed | —20 —lo Expected +lo +20
129 | 111 149 207 300 43.6

ovgr [fb] 1460 510 690 950 1330 1780

avar/oSM 840 | 290 400 550 770 1030

E ATLAS — Theory prediction

. . ?105? \s=13TeV, 126 b" —— Observed limit (95% CL) _é
* Limitsc,, at95 % CL g Moo ]
. . 2 F Ex| +20
obs: [-0.56 ; 2.89]
. . 10°F 4
exp: [-0.67 ; 3.10] : ;
10 =
e Y
Resonant (superseeded) Resonant
T FTTTrT T
:‘;105 | ATLAS — Observed limit (95% CL)
T [ \s=13TeV, 12610 - Expected limit (95% CL)
T ' HH-Dbbbb
10° EE Spin-0 narrow resonance . Expected o
:;r;_ C Expected + 26
Z10% -
loE -
10°E .
10l
g 56
oo by bvw o b b b bvvn s bywna b

200 300 400 500 600 700 800 900 1000
m, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-31/

____ Non-resonant and resonant Hbb)H(ro)

Run 2, Vs=13 TeV, L=139 fb1, ATLAS-CONF-2021-030

ThadThad: ThadTIep

m,=125 GeV resolved * Non-resonant analysis (gg, qq)
 Bkg Limits c(HH->bbrr)
Top, Z+j, W+j, VV, 1-H, multijets obs: 4.7xSM
Data-driven from CR, simulation exp: 3.9xSM
« Resonant analysis, J=0
+ Selection my € [251 ; 1600] GeV
Fhad Thad o
=2 b-jets, p;>45, 20 GeV, 20S tp,4.yis ok — oo 0o O
veto additional leptons U E1Gomb. Exp. 126 —— 1oy O,
m. MMC>60 GeV L
-
ThadTIe_p é .
=2 b-jets, =1 e or 1, OS Thad-vis (:; 105_ ATLAS Preliminary 3
m”MMC>6O GeV 2 " {s=13TeV, 139 fb" .
m,,<150 GeV (suppr. tt) °’ 400 600 800 1000 1200 1400 1600
- Dominated by stat uncertainty ™"
 Final DV: MVA - Largest excess: my=1 TeV

o7
Zloc:3'O (Zglob: 2-0)



- 11 tagger for boosted t;,41;,.4 (15 time in ATLAS)Run 2, \s=13 TeV, L=139 b, JHEP 11, 163 (2020)

Seed by large-R jet pr>300 GeV %
Recluster in sub-jets R=0.2 KN

/ 7 -

+BDT signal/g-g jets /

Primary Vertex

& O s St T
S 140 X 5 HH > bbrs, « Resolved t =
= L Vs=13TeV, my=2TeV ] - - _
125 1> 1060V, (e, > 300 GeV . Application to gg->X-> H(bb)H(tt), J=0
I oo, jusefulat WP: eff boosted rhadrhad—60 %
.. .0 G lowAR(r1)
ey . E ) = I | T T T T T T3
5 o4t E = ATLAS —e Observed
E 1 % X —=HH (bbtr) Expected
C . . — - -1
0.2: ‘ . ] 1 ; s =13 TeV, 139 fb B +1o
O 6505 04 05 08 07 08 09 1 ? 105" E E
Generator-level AR(t, T o) a -
L L S L I R S I 2
g E‘ ATLA‘S Simulation « Boosted di-t ] :
% 1.4 x > HH — bbr, 1, =« Resolved t - S 102 = —
s 12:_ s =13TeV, my=2TeV E @ = 3
5 ef pT(rws)>10 GeV, AR(t, ./ Tp,e) > 0.2 ; g
© 1 - —
N .- useful at o
§ 08:_ RETTIALAA A .....0._t . § 1O?I L I?
[ 3 hlgh Pt * 1000 1500 2000 2500 3000
O 04 - - m, [GeV]
g S LT eenns e i
ST Change selectionat 1.6 and 2.5 TeV =g

500 300 400 500 600 700 800 900 1000
Generator-level di-t P e [GeV]



H(bb)H(yy): non-resonant, resonant

° vy part fo“owing H(»W) ana|ysis Run 2, Vs=13 TeV, L=139 fbl, ATLAS-CONF-2021-016

>2 jets, pr>25 GeV, |n|<2.5 (central), b-tagged . Resonant
<6 central jets (In|<2.5) ' J=0, Scalar
mbbyy*:mbbyy-mbb_mYY-I-ZSO GeV --------

N R t E 10 ATLAS Preliminary ¢ Do A E i3 ‘ﬁn?‘ﬁ é’r?lsigzgqarly o, E
® [ Vs=13Tev, 1391 F s=13TeV, B HH (SM)
On =esonan g b o S 1 8 o dET S
. . o 8F e L 4 P FooT bo ]
4 categories BDT=f(tight, x,) ¢ = ™™ w1 8 = s
PO E mowony 1 1 @ f i
i DataDriven jf ] : E --- m, = 500 GeV E
i 1 o E
H ] 22 i
L | 1 =
- - ! E 1 ) P R
e 950% CL Limit - I
Obs : 4. 1XSM — 105_ —_ 1000LI L I LB I T } [ T I Trrr I L } L } LI
2 i ATLAS Preliminar —— Observed limit (95% CL) { | =3 =
eXp. 55XSM T [ /S=13 TeV, 139 %_1 ---- Expected limit (95% CL) || I 900; ?L'l'_l.fssTP\r/eI;rgén%g
T ’ - =3 Expected limit +1o v T 800k 5= 9V,
~ . ~4l HH-—Dbbyy o ) - HH—bbyy
w 107t [ Expected limit +2¢ > = L
23] E - 1 5 700: —e— Observed limit (95% CL)
> . E== Theory prediction 1. © = o
h : i\( SM prediction I 600 &% 0 e Expected limit (95% CL)
- - o L | = P
° S | E [ ] Expected limit+ 1o
Ky, limit © 108t ' 500E [ Expected limit £ 2 &

obs:[-15,67] |l P

300

~~—
~
~

exp:[-2.4,7.7] .l

\\IllHII{\\Hlllllhlll‘\HIlIII“\IIllHI\‘JIHﬁ

I 200
' Observed: k; € [-1.5,6.7] i E
I Expected: x; € [-2.4,7.7] 1! El | | ‘ ‘ : | ‘ ‘
o L S S S S S S 0200 300 400 500 600 700 800 900 1000
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pp~2>H,,-=2>BSM
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«  H->aa->bbpp, m,€[16 ; 62] GeV, inclusive Run 2, Vs=13 TeV, L=139 b, CERN-EP-2021-157

Kinematic fit+cuts: constrain my, tom,,,  Exclusion limits (95 % CL)
MET<60 GeV (suppr. tt) g ST
2 0.8 ATLAS Observed 95% CL upper limit
Cut BDT ; o fs=13Tev, 139 1" ; E:Z:Z::::::(ZL‘;ppernmn
Counting experiment T

0.5

DY+jets

Events/bin ¢

__________

0.4

3.3a(

lobal: 1.7 )

0.3

0.2

0.1

L L f L L L | L | L |
0 20 25 30 35 40 45 50 55

m, [GeV]

| x2-5wrt 36.1 fb! (x2: dataset, x2 MVA)

P
60

Run 2, \s=13 TeV, L=36 fb'l, PRD 102, 112006 (2020)

| T T T T
ATLAS Observed 95% C.L.

Vs=13TeV, 36.1 fb’

---- Expected 95% C.L.

E—— Expected95%CL. * 1o
———— Expected 95% C.L. = 2¢

w

Expected 95% C.L. (resolved)

(0~m/p+)
R=0.8

Counting experiment

Complementary to m_,€[20 ; 60] GeV: JIfIEP17fO, (2)031 222'501823

=+ Expected 95% C.L. = 1o (resolved)
—— — Observed 95% C.L. (resolved)

1.5

0.5

5% C.L. upper limits on o, x B(H—aa—4b) [pb]
o
n




H->aa->bbuu

Pseudo-scalar a, m,€[16 ; 62] GeV Run 2, \s=13 TeV, L=139 fbl, CERN-EP-2021-157
Counting experiment

DY+jets

« Selection

=2 U OS p=f(trigger)
15<m,,<65 GeV 0
=2 b-jets, p>20 GeV

Vs=13TeV, 139 b’

Events / bin

N

)/
bon s

1617 18 1920 21 2223 24 2526 27 2829 30 31 32 3334 35 36 37 38 39 40 4142 43 44 45 46 4748 49 50 51 52 53 54 5556 57 58 59 €0 6162

- - - - = m,,, bin center [GeV]
Kinematic fit+cuts: constrain My, to My, . Eyclusion limits (95 % CL)
MET<60 GeV (suppr. tt) T e e e A

2 | ATLAS Observed 95% CL upper limit |

Cut BDT T 0'8_ Vs=13TeV, 139 fb™ — — Expected 95% CL upper limit _|

§ 07 [ Expected limit (+ 15) —

B Expected limit (+ 2a) i

T 06 |

» Background . o} ]

Primary: DY, tt: CR 04 i
Secondary: VV, 1-, tt: MC 03
0.2
0.1

20 25 30 35 40 45 50 55 60
m, [GeV]

| x2-5wrt 36.1 fb! (x2: dataset, x2 MVA)
Largest excess : 3.3 (global: 1.7) at m, =52 GeV

62



H->aa—>bbbb

Pseudo-scalar a, m,€ []_5 : 30] GeV Run 2, Vs=13 TeV, L=36 fb, PRD 102, 112006 (2020)

li

» Selection

m,E€[85 ; 100] GeV
(e~m/p_|_) m,~m, (Wlthln 25 GEV)
R=08 m,, compatible w/ m,,

Counting experiment

| T T T T
ATLAS Observed 95% C.L.
-==--- Expected95% C.L.
3.5 Vs = 13TeV, 36.1 o === Expected95%CL. * 1o

———— Expected 95% C.L. = 2¢

< Expected 95% C.L. (resolved)
=+ Expected 95% C.L. = 1o (resolved)
—— — Observed 95% C.L. (resolved)

95% C.L. upper limits on o, x B(H—aa—4b) [pb]

Complementary to m,€[20 ; 60] GeV: JHEP 10, 031 (2018) »



Other BSM searches

Run 2, Vs=13 TeV, L=139 fb1, CERN-EP-2021-098

95 % CL upper limit on o(H — ZZd — 4l) [fb]

* NMSSM, Z(IDH (k2 %7 = a(bb) 71 x1)
m, € [20 ; 65] GeV example

ool e * limit BR(H > 7977) = 31% (95 % CL)

gm': 02‘_ ‘sz13T_‘.3.\{i.1.?’.9f21pe:2;1:i52;,CLu:p;r “n:t I For m, € [35 , 55] GeV, Myo = 10 GeV, M0 = 80 GeV

T v marnion | (assuming SM ZH, BRG ~ a £9) = 100 %, BR(a ~ bb) = 100 %)

mmmm Expected limit = 1o . .

: Expocted mit = 25 uncertainty dominated by stat

T = : . o . .

Soosf- :  First limit on this exotic decay from LHC

ot 20" 30" 20 ‘50" 'eb;n'[('ae;ll;o
Run 2, Vs=13 TeV, L=139 fb-1, ATLAS-CONF-2021-034
e H->ZX->4] H->XX=>4| X={J=0:s,A, J=1: Z}
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NMSSM, Z(IDH (7070 - a(bb)7°7°)

ZADHGYZ = a 123) Run 2, Vs=13 TeV, L=139 fbl, CERN-EP-2021-098
a%bb, m, € [20 , 65] GeV i e 3D scanin (ma’ m)??’m)?g)

uncertainty dominated by stat  example

. Bkg: Z+HF, tt

= L . S S S S S S s s s s
£0.25 ATLAS m_,m. =10 GeV, 80 GeV H
] 8 n \s=13TeV, 1391 L4 % N
e Selection EuJ: o2 R e Expected 95% CL upper limit —
1o = —e— Observed 95% CL upper limit
=21, OS same flavour, veto add. | s f oMl ZH (2 G
= 015 —_ = (Z— 1l) cross section
81<m|,<101 GeV ! 1 5 Expected limit + 16 =
>2 j pr>20 GeV, 1 b-tagged, 20<m;<120 GeV 5 oab Expected limit £ 2o E
MET>100 GeV T = - T T T T
o L _
etc. : £0.05— —
! b N ]
o FlnaIDvm i O‘L.l....l....l....l....|....‘
,,,,,,,,, - | ) 30 20 50 60 70
EGO ® Data 1 I aTLAS E | m, [GeV]
S ;o — Bkg Model i Vs=13TeV, 13910
- --- SMMC Single top
'240 Z+b Diboson
E Z+c === Signal
30 Z+light

-« limit BR(H - 727°) = 31 % (95 % CL )
O e  Form, € [35; 55] GeV, myo = 10 GeV, mz0= 80 GeV

0
SR S . R (assummg SM ZH, BR(%2 - a #°) = 100 %, BR(a — bb) = 100 %)
e T

' ? ® BE(;ijei invaa::l)'iant m;?s [Ge\l’] ’ : 65

. »  First limit on this exotic decay from LHC
(ma,m)?g,m)?g) = (45 GeV,10 GeV,80 GeV) !



H>ZX-24l, H>XX-2>4l,

Dark matter X={J=0: s, A, J=1: Zd} Run 2, Vs=13 TeV, L=139 fb!, ATLAS-CONF-2021-034

Hypercharge portal Higgs portal Higgs—>scalars

H,c2>ZX->4l H,:2> XX 24l
15<my<55 GeV

/ ¢ ga St | 4 1<m, <15 GeV (LM)
41: 15<m,<60 GeV (HM)

+H>za :
* model-independent limits (examples)

o
[
a

LI L L L I L L L L B B

1.2 VA7 72 4 L ]
- A"rLAS ||=’relimi‘nary f < / /Z | L = - — Observed ATLAS Pl’ehmlnary -
- S - 13 TeV. 139 o Z—Observed { ATLAS Preliminary 7 03 Expected 5=13TeV. 139 fb" =
= S Cheenied ] 025~ 7 ... Expected ' Ys=13TeV, 139 b’ - " me P i .
i ..... Expected ] £ ZD Expected + 16 | 4ufinal state . ©0.25 = E:zzzzd :22 =
0.8— B Expected +1a ] 02~ 77| |Expected+2c - -
L [ ] Expected+2 ¢ r % b 0.2
E // .

0.6—

= .
-

0.4—

% CL upper limit on 6(H — ZdZd — 4u) [fb

‘\
r - 0.05= Z
: : o : /
lllllllllllllllllllllllllllllllllllllllllllllll 9 |- y
15 20 25 30 35 40 45 50 55 u’: 0 GO

m, [GeV] 2 3 4 58678910 20 30 40 5060
m,, [GeVl,

Translated in limits on BR and mixing parameters

) 0.05 :— —:
L s by vy by 0
5 0. 55 60

6 m, [Gev]

o

95 % CL upper limit on o(H — ZZd — 4l) [fb]

o) A I A B I
15 20 25 30 35 40 4
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H->Z(Il)a, Z(In., Z(11)JIy

. Light boson, m<4 GeV Run 2, Vs=13 TeV, L=139 b1, PRL 125, 221802 (2020)

extended scalar or cc, decay jets 7 S A - A
. 2 F (s=13Tev, 1391 4 £ 10"s Vs=13 TeV, 139 b
 Selection S a0000] i Pootogw 4 g F o(H)=o.,(H)
Yook : i Blnza=t00% 4 107 B(H—Za)=100%
>2 OS e or u, pr>18 GeV, =1 p>27 GeV' awg- e 4wk she

. . : | Data o + Ebn :3%2 e Ggg)
m“ (S [81 , 101] GeV 20000;— . :gﬁgzg{’%gat E 10 S '.L ‘_”.".F.j23§2j§§ev§
a/cc decay: 1-jet (6~m/p1), pr>20 GeV 1w - e s e

. --HoZa(25GeV) ]

......

+reg reSSion N N -8} 14; H ! ‘LIL.TT'I:H-:}-}-!.}. ' : I : ijl = §L (- Ji T SN T T N T S T B .L.I-: L J:

120<m,;<135 GeV I e IR S WAL R TR
= SE ! - ota ncertamty_E © ;_ ' e N -3

NN discrimination + cut, Counting il 3 e S

MLP Discriminant

« Background
Z+jets (CR ABCD)

| ATLAS
Vs=13 TeV, 139 fb”

| ATLAS
Vs=13 TeV, 139 fb’

10°E Bla—sgg)=100% = 10’ B(a—s8)=100% =
- ogu(H) 1 - Sg(H) ]
. . L —Observed - —Observed
- Limits (95 % CL) i o
T Mie I Mic
s(pp>H)BR(H>Z Qla) o 13,

95% CL Upper Limit ona(H)xB(H—Za) [pb]
95% CL Upper Limit ons(H)xB(H—Za) [pb]

Z(Ihn, Z(IhIhy H->Z(IDa
obs: 110pb 110pb 17-340 pb 1L i}
exp: 100 pb 100 pb 16-320 pb T e R TRu

m, [GeV]

First direct limit of H,,c to this decay



H->Invisible: DM-SM coupling

H,,= mediator Run 2, Vs=13 TeV, L=139 fb, ATLAS-CONF-2021-029

Z(IDH(xx), DM (y): scalar/Majorana Interpretatlon Spw- nuc,eon-f(mW,Mp)

2 1000 ' — T = i R
g r "“FT‘-AS Preliminary < Data BiH~inv) =17 E. i B H - 'mi) < 0. 15 ATLAS Prehmmary -
[ Vs=13Tev,139f0" M2z o wz .
g0, A Zoots  MNowres. - o ] § q0%0 L " Allimits al90%%lcL . .
: 1 95% limit BR(H=>inv) % L ST osTeviseh N
L i c - -
600(— — d 442
C ] . s 10™ —
_ 1 obs: 18 % R B
400— . B 7
C ] . a4 | —
* 1 exp:18% 107 ¢
200 — —
107% —
0 p— itl i = Hwiggs PF? rtial WIMP Other e’)&%ﬁ@r\ﬁ?swan 2020
R Cqmpe_tltlve in low mpy, 104 S Majorana WIMP — -~ - DarkSide-50 2018 _
Y Y Y SN S S S With direct measurements -k P 2020 §
8O (low sensitivity w/ recoil measurements) - | XENONTT 2018 .
08 08 -04 02 0 02 04 06 10—50 L L . sl - L .I3
BDT 1 10 10 10
Mue [GEV]
() - I > L B B L L BN BRI IR B - - <
PSEUdO Scalar medlator a 8 E ATLAS Preliminary e Data zz ] EXCIUSIOn |Im|tS
i L Vs=13TeV, 139/ MWz Zejets
(2HDM+a) 2 104% SR , Non-res. Other E Q HIIIHII”.II.I‘”‘HHI‘””‘I“I e
g s f axaom vncerany {8 "A_TI;SAi\f’ :ilglr:;lh:l;}/{ cL L |
> my mp, =
- TGN Mgz SREY 3 10l 2HDM+a, Dirac DM, m, = 10 GeV |
] F  sin 8 =0.35 m, =600 GeV 7
= Expected limit (+1 o) -
3 ——— Observed limit -
] ATLAS 36.1 fb" m
| [ rim,>20% |
6 CP-odd
] :' pseuda-scalar mixing
e = LA angle
' § 1o T F (example) f gle-
[T ] - | ! 4
a [p-e-g-0-0- .ll _J..._.: '
3.0 ”‘”**t[lll | f YA
0.5; S [ N BN O S N W N T I 1 1 T -l L1
S aba b6t do0 1200400 1605 18502300 100 150 200 250 300 350 400 450 50

my [GeV] m, [GeV]

DM ATLAS combination moved to backup



Dark matter : ATLAS combination

Run 2, Vs=13 TeV, L=139 fb1, ATLAS-CONF-2021-036

MET+h(bb), MET+Z(Il), MET+h(yy), H*=>tb, H(inv), etc.
Combination+interpretation in 2DHM(I1)+a(yx)

= AL AR Pral o Timy > 20% . . ] =—E**+Z(q), 36.1 b
> ATLAS-Preliminary A1 1 JHeP 10 2018) 180
O 1800F Vs=13TeV, 36.1- 139 fb" 2HDM-+a. Dirac DM ]
> ! Limits at 95% CL 1 /= E7**+h(bb), 139 b
£ 1600 i s . —observed M =10 GeV.g =11  AriAS.CONF-2021-006
e Y - - Expected sin = 0.35, tanf = 1 N )
M= =T JY=ET*+z(I1), 139 fo”!
|  ATLAS-CONF-2021-029

H*tb, 139 fo’!
JHEP 06 (2021) 145

— —h(inv), 139 fb"!
(M +T““: ATLAS-CONF-2020-052

ET**+h(yy), 139 fb!
arXiv: 2104.13240

S L 4 —Combination
J  EP+h(bB), ET*+Z(l)

100 200 300 400 500 |600 700 800 +other planeS
m, [GeV]

Exclusion m,<560 GeV for m,=m,=m,.=1.2 TeV, sin 6 =0.35, tan B =1.0
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pp~>BSM H



0

500

1000

Vs =13 TeV, 139 fb™

1500 2000

Spin-0

2500
m,, [GeV]

X227y

Run 2, Vs=13 TeV, L=139 fbt, PLB, 822, 136651 (2021)

ATLAS Vs =13 TeV, 139 fb Spin-2

Local significance [o]
Local significance [o]

50 1000 1500 2000 2500
mg. [GeV]
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A->Z(IH, H>bb, HS>WW

CP-odd, A Run 2, Vs=13 TeV, L=139 fb'1, EPJC 81, 396 (2021)
A->Z(IDH, H->Dbb A->Z(IhH, H>WW
ggA bbA

A
g
H: NWA W=>jj: jet combinatorics if bbA
A T=T',, or higher
*  Final DV: m,, *  Final DV: my,,
« Selection

=2 eor 2, OS (not required for electrons)
m,€[80 ; 100] GeV
>2 b (llbb) or >4 jets (IIWW)

Channel specific selection +other tan 3, my, 2




A->Z(IH, H>bb, H>WW

Run 2, Vs=13 TeV, L=139 fb1, EPJC 81, 396 (2021)
A->Z(I)H, H>bb A>Z(I)H, HS>WW

< 800 10 =
— 1 = = 1 = © ] =
> " g = " 2| 8 . =
o, ] o, ] = B
E ] £ : E i
4 i . 1
1107 al - RUR B
ATLAS B ATLAS E ]
Vs =13 TeV, 139 10" - \s=13TeV, 139 b ATLAS B
95% CL. upper limits (obs) on ] 95% CL. upper limits (obs) on Vs =13 TeV, 139 fb" 1 10
o X B(A—ZH) x B(H—>bb)_: 6 X B(A—ZH) x B(H—)bb)_z 95% CL. upper limits (obs) on
gluon-gluon fusion 4 102 b-associated production 102
ACTTTPTTIIC I o x B(A—ZH) x B(H->WW)
200 300 400 500 BHSO[G;/(; 200 300 400 500 ?O[Gezg gluon-gluon fusion | 102
H ] -
) 30% I R RIS BT ST |
z ATLAS ] 2 aTLAs ] 00 300 400 500 600 700
S 700 V=13 TeV, 139 o] S Vs =13TeV, 139 fo'] m, [GeV]
£ 2HDM Type | ] £ 25|LDM lepe I
95% CL exclusion - 95% CL exclusion -
600 e e et = 1000y
. =1 Exp. tanf=1 1 - ATLAS tanp=1.0 .
500 Exp. tanp=1 ] — Obs. tanB=5 @ E -1 . ]
— Obs. tanf=5 | Exp. tan-5 | O, 900 Ys=13TeV, 1391 [JObs. - - - Exp.+1o
400 Exp. tanf=5 1 :);Gtanl[; 150 <C C i ]
~— Obs. tan| - -
~+1ctanp=5 - Exp. tanB=10 | E 800__ -
300 ~— Obs. tanf=10 ] — Obs. tanfi=20 - - B
Exp tanB 10 ] Exp tanB 20 4 r 7
200 300 400 500 600 700 800 9001000 200 300 400 500 600 700 800 9001000 700 ]
— tmon m [Ra\ r 7
3 ATLAS ] 2 600 3
S, 700 Vs =13 TeV, 139 it O, C .
< 2HDM lepton specific ] < 2HDM flipped ] F e
) 600 95% CL exclusion ] & 95% CL exclusion ] 500F .
—— Obs. tanB=1 ] —— Obs. tanp=1 7 C ]
] Exp. tanf=1 ] - n
500 Exp. tanfi=1 ] — Obs. tanp=5 1 400 L 4
— Obs. tanfi=2 ] Exp tanB=5 : C .
Exp. tanp=2 1 -+ 10 tanp=5 C, L
400 410 tanp=2 ] — Obs. tanfi= 10 300 1 I 1
— Obs.t Sj Exp. tanf=10 1
300 £ S tanE_S 1 —— Obs. tanB=20 - B
’ xp anp=3 4 Exp tanB—EO COS( _a)
200 300 400 500 600 700 800 9001000 200 300 400 500 600 700 800 9001000 +Other tan B! mH

my, [GeV] my, [GeV]



pp—> BSM;,EH%H
and
pp~>BSM H



Run 2, Vs=13 TeV, L=139 fb1, PRD 102, 112008 (2020)

A>94=-0.55,9,4=-0.56 ;9y=1 «  Exclusion contour in {g,,, g.}
B: g,=0.14, 9,=-2.9; g,=3

Large-R jets J(jj)
+]et substructure

. HVT, J=1
my. € [1.5; 5] TeV

—_

e e e e e
-ATLAS ;
W — WH (all-Had.)
[fs=13Tev, 191" i

Fermion coupling 9,
o
o

o
T[T e

-0.5

« Exclusion limits c(pp=2V’=>VH) [95 % CL]
Al My (29<2.90 (2.20) TeV

o(pp — W' — WH) [fo]

U,“- T
o 1
B: Moy <3.20 (2 65) TeV £ |
W’ (2) 2 |
10*g— — : .,..H,..Hw..ggm‘lg L B R B B e U°F
E ATLAS ——— Observed 95% CL Upper Limit 7 % » ATLAS P Observed 95% CL Upper Limit -E .
5 - F 13 TeV. 139 fb1 wessses Expacted 95% CL UpperLimit | g 103 L \’E =13 Te_V, 139 fb ==sssss Expected 9.5% CL Upper Limit | B :.
107 WH — qg'bb [ Expected Limit tio ERES F ZH —qgbb B Expected Limit +io 3 - ok
F [ Expected Limit +2o B Ry r [ Expected Limit +20 1 o i,
102_ ------- HVT Model A, g =1 N 1 1% HVT Model A, g =1 - [rro—n
= ——— HVT Model B, g,-3 1 a 3 — HVTModelB,g=3 3 L v P |
& 1 F — ~05F i, =
10 4 ° 10 E ‘ i B ‘
A0, . 13 . [ L5 Obé.iiémitsatg % CL |
e E RS T A R -
TR T Higgs and vector boson coupling 9,
s P, S R O,
10—15_ S 10 E_ ..........
il 1 1 { 1 1 L L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L ‘ 1 1 J.I- 71 ! { J L | 4 L . I L I ‘ ..I-.]-.I.. 75
15 2 25 3 35 4 45 5 w2 25 3 35 4 45 5

m(W’) [TeV] m(Z') [TeV]



Run 2, \s=13 TeV, L=139 fbl, ATLAS-CONF-2021-026
« W ->WH, Ivbb

A:9,~1, B: g,=3

3-102|....|..\.|.H.|.\..|...\|..u|.H.|.\..|.\..§ o _llw-||ll‘\l|ll:l|\| l||" T
S ATLAS Preliminary All limits at 95% CL - o 0-8LATLAS Prelm{lnary || l E
o= - ;1 - . £ C o= : 7
% 10 V‘%' —_)13\/Lei|3%%}lfgc —— Observed limit = §_ 0.6 __WFSI— 13 TeV, 139 fbl:ﬁ || \ E
T B e Expected limit 3 8 ol W— WH — Ivpblcei || \ 3
= [ Expected +1 s.d. — s _’// : |l } N 40Tev .
TR [ Expected :2s.d. 3 E 02050 . T s0rer 3
£ 10" — HVTModelA g =1 - ] =it
— — HVT Model B,g =3 - R—— R T e —
1072 - 02— Yol ———
E C =~ i -~ ]
: -04F N / -
o : : \ e g :
o -06F \‘ I [ -
107 T P T T PR PR N ST —0.8:—%"5% | | |(E)bs.lmitsat95%CL£

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 SPLPVEY PR TRV S N PO ] P B

My, [GeV] -3 2 - 0 1 2 3

Higgs and vector boson coupling g,

95 % limit ¢ : 1.3 pb-0.56 fb in 400-5000 GeV
exclude my.<2.95 TeV ; 3.15 TeV respectively for HVT model A ; B
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7>>H(bb)+y

Events / 40 GeV

« J=1, my=700-4000 GeV
Collimated b-jets
2 categories b-tagging

+ Selection
>1 vy pr>200 GeV, tight isolated
>1 J (R=1.0), m, compatible m, identify 2 b-quarks

. Flnal DV my,

' >
10° ATLAS (a) 31 0°L ATLAS (b)
10% {s=13TeV, 139 fo’ S 10t {s=13TeV, 139 fb
gg— Z— Hy ~ qg— Z'— Hy
3 i e Data ~ 3 e Data
10° £ single b-tagged Background + 16 o 107 E double b-tagged e Background + 1o
——Sgnalm =2TeV c ——Sgnalm =2TeV
110; S:gnal m, = 3 TeV L%J 110; S:gnal m, = 3 TeV
1 I 1 K
107 107
1072 10722
® ® N I ......... ! —
Q < "; e E
£ g o L1
< = £ ,
() n -2
1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000 3500 4000
m;, [GeV] my, [GeV]

B‘ 103 IIIIIIIIIII | L | IIIIIIII ‘ LI ‘
2 aTLAs ©

£ [ /s=13TeV, 139 1" i
11 02 | qg— Z'— Hy — Observed 95% CL_
N ; -+ Expected 95% GL ;
a i I Expected + 16

w L

N 10 [ ]Expectedt2c |
T EN

=

A=)

©

Run 2, Vs=13 TeV, L=139 fb1, PRL 125, 251802 (2020)

1000 1500 2000 2500 3000 3500 4000

m,. [GeV]



X227y

J=0: NWA: 160-3000 GeV

LWA: T [0; 10 %]: 400-2800 GeV Birk AAS ow
+J=2 (not covered by presentation) g e
« Selection o
>2 v, E;:>22 GeV, |n|<2.37, tight, isolated 1 L
E-/m,>0.3 GeV (leading) ; 0.25 (subleading) o 4
" Bt M&W AL L L
° Backg round = 356400 600 800 7000 1200 7400 1600 1800 2000 2200 2400
L. . . . . m,, [GeV]
v, vi (i) : direct fit data (+ABCD spurious signal, FD) 684 GeV  (m,>1 TeV: toys)
* po=f(my, Ty ; k/Mpy) » Limits
F”ghEStEXCGSS: % 1W; T Oened i imt gﬁﬁﬁWJmm4 é

J=0, NWA:3.29 (glob. 1.30) > & Frpeeted I spin-o Model

- Expected + 16 NWA

J=2, NWA: 3.29 (glob. 1.36) & [ Jeesces=20 3

1:

107 5

—2
10 500 1000 1500 2000 2500 3000
m, [GeV] 78


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-27/

J=0: NWA (ggH, VBF): 200-2000 GeV

X=>Z2Z->1, livv

+LWA (ggH): I'/m,=0.01-0.15 (400-2000 GeV)
+J=2 (not covered by presentation)

r %X B(H= ZZ) [pb]

agl

95% CL limitson ¢

10g T T T
E ATLAS —— Observed CL, limit
L Ys—13Tev,130f" - Expected CL_ limit
1 H— 2z S rirr + vy BB Expectedtio
E  NWA, ggF production [ JExpected £ 20 o
oy Expected CL_ limit e
----- Expected CL_ limit (/"/'v¥)
107E
102 NG e
1072 I 1 l
500 1000 1500 2000
m, [GeV]

+VBF

+LWA: I'/m,=0.01-0.15

tanp

Exclusion contour 2HDM

- ATLAS 2HDM Type I, m =220 GeV |
_ — Obs 95% CL  mm+ic band
| {1§3§ } t")3'_1Te\." _____ Exp 95% CL [J*2c band |

H—=ZZ - I'T1T

=1 Excluded

10

1 1 I 1 1 1 Il 1 1 1 1 1
-08-06-04-02 0 02 04 06 08

cos(B-o)

tanp

Run 2, Vs=13 TeV, L=139 fb1, EPJC 81, 332 (2021)

10

II\‘II\‘II\‘II\‘II\III\III\III\III\II\\
H—ZZ =11
- ATLAS 2HDM Type I, m=220 GeV |
_ — Obs 95% CL mm+fo band
| Vs= Brev Exp 95% CL <26 band _
139 =) Excluded
1 | ) I 1 | 1 1 I 1 1 I 1 I 1
-08-06-04-02 0 02 04 06 08

cos(B-o)
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A->Z(I)H, H>bb, HS>WW

CP-odd A; A : =T, or higher, H: NWA Run 2, \s=13 TeV, L=139 fb1, EPJC 81, 396 (2021)
A->Z(I)H, H>bb A->Z(IhH, H>WW
goA

« Selection a _ o
=2 e or 2 |, OS (not required for electrons) W=2jj: jet combinatorics it bbA
m,€[80 ; 100] GeV

>2 b (llbb) or >4 jets (IWW)

Channel specific selection « Final DV: m,, * Final DV: my,,
5 800 1 E 1 § % 10 g
2 = - )
=< 700 E<
E 1
10 . 10-1
ATLAS ] ATLAS = ATLAS =
§=13TeV, 139 b \s=13TeV, 139 fb™ Vs=13TeV, 139" {15 107
95% GL. upper limits (obs) on - 95% CL. upper limits (obs) on 7 95% CL. upper limits (obs) on 7
o % B(A—ZH) x B(H—bb) 1 B o o 6 x B(A—ZH) x B(H—bb) 1 0 % BA—=ZH) x B(H->WW) ]
gluon-gluon fusion - [ 102 = b-associated production | [l 102 gluon-gluon fusion | i . >
T500 300 400 500 600 70 200 300 400 500 600 70 400 500 600 700
m, [GeV] m, [GeV] m, [GeV]

+interpretation 2HDM
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Singly charged Higgs H*

« H™>tb (200-2000 GeV)

90000000 —=—b
. H-OWHA (120-160 GeV)

August 2021

* H™>cb

July 2021

S e S

4
B
7 e/q
w

(60-160 GeV)
b

o(pp — tbH") x B(H = tb) [pb]

"
95% G.L. upper limits on B(t — bH", H" = WA, A — p'p)

L|m|t

T T T T T T
—e— 95% observed CL,
----- 95% expected CL
s=13 TeV, 139 fb"' mmm expected + 10
[ Expected + 2o

—e— 95%

—— hMSSMtanfi = 1

107"

1 -2

obs. 36 fb' result _|
----- 95% exp. 36 b result
—— hMSSMtanf=05 ]
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2
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m, [GeV]

tt bkg (80 %) |
(W=->1))
<< W/ H¥=>cs, H¥=>1tv

95% CL limit on % [%]

Interpretation
hMSSM,

MSSM In benchmarks

2HDM |
lower limit on tan (3

Limit

3
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ATLAS Prehmmary
" fs=13Tev, 139 fb!

1—H — cb search
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/

* my+€[60; 160] GeV Run 2, Vs=13 TeV, L=139 fb't, ATLAS-CONF-2021-037
' — ! e « Selection

=leorp, pr>28 GeV

>2 jets, pr=25 GeV, >2 b-tagged (DL1r, 5 OP)

NN used for fit

Categories #j (4, 5, 6), #b (3,>4), CR

F v tb
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o)
<D
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-06/

hMSSM summary

Run 2, Vs=13 TeV, L=139 fb1, ATL-PHYS-PUB-2021-030

 hMSSM (habemous MISSM ?)
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Exotic Higgs summary H-> XY

April 2021 (no inclusion of later analyses) Run 2, Vs=13 TeV, L=139 fb-1, ATL-PHYS-PUB-2021-008
Remark : constraint BR(H->undetected)<16 % (95 % CL) from Higgs combination
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