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H Non-resonant HH production ATLAS

Search for non-resonant di-Higgs production allows us to probe the shape of the Higgs potential
by measuring the trilinear self-coupling k, of the Higgs boson.
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There is however destructive interference between the box and triangle diagrams,
thus the cross section is suppressed (~10° times smaller than single Higgs cross section).

Deviations from SM can increase this cross section.
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H Non-resonant HH production

ATLAS

EXPERIMENT

Search for non-resonant di-Higgs production allows us to probe the shape of the Higgs potential
by measuring the trilinear self-coupling k, of the Higgs boson.
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Other production mechanisms also allow us to probe different couplings: k

Vector boson fusion
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H Non-resonant HH production ATLAS

LHCHXSWG-2019-005

Production cross sections at 13 TeV for m, = 125 GeV
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Decay channels with large
branching ratios may lead to
challenging signatures.

Exploring a mixture of different
higgs decay channels to increase
the sensitivity.

Different analysis strategies
developed.
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Run Number: 362619, Event Number: 524614423

Date: 2018-10-03 17:06:34 CEST



H bbbb ATLAS
EXPERIMENT
Select 4 b-tagged PFlow jets.

VBF selection requires two additional jets. ’A AN Zh_N\-
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bbbb RILDR
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Define different categories to improve analysis sensitivity. ATLAS-CONF-2022-035
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H bbbb ATLAS
ATLas-ConE 2122005
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No evidence for a HH(bbbb) signal is found.

Observed (expected) upper limit on the cross section for ggF+VBF production is set

to 5.4 (8.1) times the SM predicted cross-section at 95% CL. 9
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Run: 329964
Event: 796155578
2017-07-17 23:58:15 CEST
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Submitted to PRD
arXiv:2112.11876

Select 2 b-tagged PFlow jets and 2 high p; photons.
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bbyy B
Submitted to PRD
arXiv:2112.11876

L

Select 2 b-tagged PFlow jets and 2 high p; photons.
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data-driven bkg estimation
e Model signal and background m,, shapes with analytic functions.
e Final background prediction comes from m,, fit.
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ATLAS

EXPERIMENT
Submitted to PRD
arXiv:2112.11876
Analysis dominated by statistical uncertainties.

No evidence for a HH(bbyy) signal is found.

Observed (expected) limit on the cross section
for gogF+VBF production is set to 4.2 (5.7) times
the SM predicted cross section at 95% CL.
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Run: 339535
Event: 996385095
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H bbrr ATLAS
ATLAS-CONE 207100

Select 2 b-tagged PFlow jets and 2 OS taus (r, T, 0Nnd rleprhod).
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ATLAS-CONF-2021-030
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Analysis dominated by statistical uncertainties.

No evidence for a HH(bbtt) signal is found.
Observed (expected) limit on the cross section for ggF+VBF production is

set to 4.65 (3.87) times the SM predicted cross section at 95% CL.
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i HH combination? ATLAS

Our best combination?
See Valerio D'Amico’s talk!
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VHH (OL,1L,2L)

e Signal regions include:
o Z(vv)hh(bbbb),

ATLAS

EXPERIMENT

ATLAS-CONF-2022-043/

o W(lv)hh(bbbb),

o Z()hh(obbb). ATLAS Prelimi

Events

SM-like Vi
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main backgrounds:

o v +jets (to constrain V+jets)

o e/u (to constrain ttbar). 10°
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BDT is constructed for each channel (OL, 1L,
2L). 10
o input variables include: m, , and mass g T
difference of the 2 higgs candidates. % o= |
%) 0: — ... - 1 | T __]_.
e BDT distributions are also used in the fit to S e
extract signal contribution. 5DT Bin
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VHR (OL,1L,2L) ATLAS

ATLAS-CONF-2022-043/
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arelyco@cern.ch the signal strength with respect to the SM. 19
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H

Phys. Lett. B 801 (2020) 135145

Other channels

(with full LHC run 2 data)
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JHEP 07 (2020) 108

(VBF) HH — bbbb

S B e A
§ ATLAS = Theory prediction §
= {s=13TeV, 126 fo' — Observed limit (95% CL) 5
- HH—bbbb - Expected limit (95% CL)
3 " Expectedt 1o E
- Expected+ 2¢ -
E 0 oo 3 | ¢ ;o1 ¢ % 05 55 [ o5 ] ;8

—4 —2 0 2 4 6

Kav

20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-18/
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H Summary ATLAS

e ATLAS has a strong, and growing, program for HH searches.

e Non-resonant searches have now been performed with the full LHC run 2 data set for bbbb, bbrr,
bbyy in different production modes: ggF, VBF and VHH.

e No significant excesses have been found up to now, however strong constraints are set.

e Many other interesting HH-related results by ATLAS (not discussed here):
EFT interpretations of the Higgs boson measurements— Sandra Kortner's talk.

HL-LHC prospects for single- and di-Higgs measurements — Tulin Mete's talk.
Searches for resonances decaying to pair of Higgs bosons — Liaoshan Shi's talk.

O O O O

arelycg@cern.ch

K, constraints in a combined measurement of single- and di-Higgs channels — Valerio D'Amico’s talk.
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Thank youl!
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H References ATLAS
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HH combination

T T T T T T T T T T T T T T T T T T T T T

= 104l ATLAS Preliminary —— Observed limit (95% CL)
— i — =~ Expected limit (95% CL)
— —1
% Vs=13TeV, 1391 =1 Comb. exp. limit 10
‘L: [ Comb. exp. limit +20
g E== Theory prediction
+ i’\( SM prediction
15 103}
(@)} [
O
102}
Observed: k) € [-1.0,6.6] DGt
a— T~
Expected: k) € [-1.2,7.2] —_— Combined
101...111111111111111111111.111...1...|...
-10 -8 -6 -4 -2 0 2 4 6 8 10
KA

arelycg@cern.ch

Vg

5  Other combinations?
@; See Valerio D'Amico’s talk!

bbyy

Combined

ATLAS
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ATLAS-CONF-2021-052

signal strength for NR HH
production with respect to the SM
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ATLAS

H Non-resonant HH production

Search for non-resonant di-Higgs production allows us to probe the shape of the Higgs potential
by measuring the trilinear self-coupling k, of the Higgs boson.
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gluon fusion (9gF)
is the main
Y production
mechanism.
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M VVHH coupling
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H bbbb ATLAS
ATLAS-CONE 2022005

VBF Selection

(1) (6)
Pass trigger class (3 pi)r < 65 GeV Yes\
(7.VBF) (8.VBF) (9.VBF) 3
Yes Yes Xwt > 1.5 > Xun< 1.6 > mun > 400 GeV VBF SR
Yes Yes Yes
A 4
(5) No
(2) VBF Jets
2 4 central jets |Anj| > 3,
m; > 1 TeV
No
Yesl YesT
(7.g8F) (8. ggF) (9.88F) S
//-’7 |Anul < 1.5 | xw>15 2| Xun<16 gef SR
(3) (4) Yes Yes Yes
> 4 b-tagged > = 6centralor No
central jets Yes forward jets

ggF Selection
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bbbb ATLAS
EXPERIMENT
OF selection | ATLAS-CONF-2022-035

> _\'TH'I}[I'I]'rl']I'Y'l' 1I'II'II II'I'TI"II' I 2 b ) ]'1]"|II'I ]l'l'YIl'IYI'["II'IIYII'I ]'I Tl'llll'l'll'["ll'I]l]'l]"l'!!] lT'l]’ |"|T'l'| Tl\']’ll'T'lT'l"l['Vl"']l’[f|'l"ll‘1 'Il'IT]'I'VITI]'IIl"lT"I'|’]T'1'['lI'[I"I'Tll' '|!l"1I 'I'II'] Il'l"'l'l' |V I B II'I'T"I' 'I'I'l'l;
8 B Post-Fit Background —
o 150~ ATLAS Preliminary ; N\ Stat + Syst. Eor |
o Vs =13TeV, 2017 43,6 b + ]
@ I ggF Signal Region 4b Data 7
5 100 & [] 200xSMHH =
@ C ] 100xk=6HH  _
50

5 J.'.I.‘:L.*\:_T\?T*L‘\‘w*ﬁ_'_&—_»- ! __..'%’l?ﬁ A e ey —fﬁ—.#i&‘. o _‘J_r] R A o e el Tﬂj_mmhﬁm— " I;

15 V‘|w1|‘||||:|||||||:|||x|||||x||||x||||||||<||||||||xw|!|| IIIIIJT{,I! ‘||¥||||:||||| R R R REr R Rk B o = =i o ey R RS oy Rl i R e R R RSN AL IS I S ALY LR B~
2 N\ '+1 ;-t\ 1 4 RS ST NN N S + e N R ANRNN RN + N + -
A ) I
1

,§\ 3 ads s = AN { NN S SOV oy S b N R RN ST S ~ BN ANANR (NNNNNY NN
QX N -+ - S0 ANV AR P S S N S o ¥ = \ SRR

Data/Pred
5

0.5 1 [N} Illllll‘lJI 1 II Ll IIII I IIII Il\l Ll II\I Ii—*—ll llll 1 Jl || ||l|\l||l|ll Ll I||I llll 1 I\Il |\l Il IIII Ll I A |\I| || I\II IIIIE
[~} i) i~} D D S k=] k=3 oS S () i~} S O i) i) S i) (~] D S k] S (=3 oS o [~}
s 5 8§ 8 8 8 §s & § § & 8§ § §8 & § &§ & 8§ § &5 § § & § § §
mHH[GeV]
1 ; 11 . 11 . 11 c 11 . 11 : ]

(4b) |Anpn| <0.5, Xpn < 0.95 (4b) 0.5 <|Anuu| < 1.0, Xy < 0.95 (4b) |Anuu| > 1.0, Xpn < 0.95 (4b) |Anpu| <0.5, Xpn > 0.95 (4b) 0.5 <|Anyu| < 1.0, Xpy>0.95 (4b) |Anpu| > 1.0, Xyn > 0.95
> _\'lTVIi[l'IIll l]'l ]I |||| TT I 2k § IY ] T I"I |||| Il |Yl|'l¥|l TITIITIII ]l If'lllll'll'l{ll llTl l]”l‘ll llll I'lTlI I‘\] T IlTI Il'l']l llll'll[] Il |II|VIII|||| T |||| llll ll“lTl] |f|'|] llll ll'l'll' {1 18 § Il ITII ll]l_
8 B Post-Fit Background —
o 30— ATLAS Preliminary N\ Stat. + Syt Emor

iy VS =13TeV, 2018 57.7 o' Py

o - ggF Signal Region 4b Data ]
s 2o [] 200xSMHH =
ﬁ I | 7‘ 100 x ;=6 HH |
100 H = .
O"“'lll[ll\“llll"-'r L Jd | _11'|iw_||||fil|- g L bt L [T Tt -t | I W S R [ e ey s 4"_!rrl—ll_l-lllllill“ . L W | nl_a-ch—l—l-l_l'-‘:i.‘-:‘mJ Lt |
B A i L oM S oINS i R ol st s’ I i L e - W e i i i G R T T T T T T T T T TS
.0 Ht .. b S SN N N T R RN ENT (AN N AN N B S5 SRR AR o oSS SN RNNEN et g A ALA AN NN NN : PEPREETRRR 0 VAN TR ST PP s RN NN
E + N N AR X _+_ S SN S NN I\ SNA NN N N : = o == N S SV NN SN AN ~ G NAN SNNN ]
So.s I\lllll ||I| Il\l II |I|| (M I (M| |I | Ll I I IIII II llll |I|| I\I]I Il 11 lIIIIIl IJII Il\l I| llll IIII I llll Il\l 11 II\I II\I I llll ||J| || IIII\IIIIIKI 11 |||I llll || I\Il |\l || |I|| 11 | [N |\|| || Ll 1 Illl—
D D D k) D hs] A~ S > 2 o S [~} DD i~} i) D D D he) S A D > o o i~} DL (] i) D i) D D S 2 D S 2 > o D
s ¥§ & & £ &F§ § & § § & £ &§ & §§ ¥F & & £ & & & ¥ & & £ & § §5 ¥§ & & £ & & £ § &§ & § & 8§ S
mHH[GeV]
1 ; 11 . 11 : 11 ; 11 . 11 ; |

(4b) |Anpn| < 0.5, Xpn < 0.95 (4b) 0.5 <|AnyxH| < 1.0, XuH < 0.95 (4b) |Anyu| > 1.0, Xpn < 0.95 (4b) |Anpn| <0.5, Xpn > 0.95 (4b) 0.5 <|Anyn| < 1.0, Xy >0.95 (4b) |Anpn| > 1.0, Xyn > 0.95

arelycg@cern.ch 27


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/

L

bbbb

> 80 T [ [ [ [ [ | [ I [ [ I | I [ I [ | [ I _H
(qDJ 705_ A LAS Prellmlnary |:| Post-Fit Background_;
S E \\;; : S13 Te|\|/:{126 fo! N\ Stat. + Syst. Error
— 60— ighal region —
@ [ |Anusl<15 +  4bData -
S 0 . [ ]1000xSMHH 3
(D 40 50xK=6HH
30§_ [ ] 10xkey=0HH —;
20 _+_ sesspee =
10 :— —
O | 1 | | I | | | | I 1 | 1 | | r 7V 7
.c 1-5 | [ I [ | [ [ I [ | [ I [ | I | I I [ | | 1] -o
(O] B J o
%10 3 : \ \ %
NN N AN wN \\ NN\ \\:' \
© Z ] N x ©
0 05 C R BN R L — — o
400 500 600 800 900
nn4H[(Be\ﬂ

arelycg@cern.ch

ATLAS

EXPERIMENT

ATLAS-CONF-2022-035

[o2]
o

Events / 50 GeV

W
o

I lllll
Ll ll
| 4

N
o

—_
o

[ | I [ [ | [ I
LAS Preliminary

A

Vs =13 TeV, 126 fb!
VBF Signal Region
|ANHH|>1.5

7/

7]

.

I
[ ] Post-Fit Background

N Stat. + Syst. Error
4  4bData

[ ] 1000 x SM HH

50 x Ky =6 HH

[ 10xkay=0HH

II|IIII|IIII|IIII|IIII|IIII

—
o
o

—
o

e
o

.‘
| | ! 1 T -
L I ! | ! I I | I I ! I | |
- I o —4 Q _]
E Lt \%\A - NN N
st T SN N
- N i
| | | | | | | — | | | | | | |
600 800 1200 1400
My [GeV]
28


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/

H

bbbb

j 10 i [ | 1T 11 | T 11 I T 11 | 1T T 1 T T 1 L | T T 1 I |
=1 o — Observed

J || ATLAS Preliminary o g -

I g\ Vs=13TeV, 126fb™ xpecte
Combined ggF and VBF Regions — +2g

- gl

i Expected 20 constraints: d

61— Ky €[-5.4,11.4] 2

Observed 20 constraints:
Kx €[-3.5, 11.3]
Best fit k) = 6.2

IIII|IIII|

2.5

7.5

10.0 12.5

Kx (ng=1 .0, Kv=1 O)

ATLAS

EXPERIMENT

ATLAS-CONF-2022-035

jss_lllI|Il||||l|||l||||[|||IIII|IIII|IIII_
c [ oo — Observed ]
J 5l ATLAS Preliminary o .
I F V§=13TeV, 126 fb-! Xpecied
— Combined ggF and VBF Regions — 429G
25—

Koy €[-0.1, 2.1]

Koy € [-0.0, 21]
Best fit Koy = 1.0

Expected 20 constraints:

Observed 20 constraints:

N\
|
A
b

|II\II

L.l | L.l

O_Illllllll

>
v
d
/7 ]
-~

’I|IIII|III1

-1.0 -0.5 0.0 0.5 1.0 1.5

=T 1
2.0 2.5 3.0

Koy (K}\=1 .0, Kv=1 O)

No evidence for a HH(bbbb) signal is found.
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Select 2 b-tagged PFlow jets and 2 high p; photons.
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o H-t, 1 s combination of single-tau (STT) and di-tau triggers.
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