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Particle Physics - Experiment

CERN LHC ; ATLAS

A search for the non-resonant production of Higgs boson pairs in the HH — bbr 7~ channel
is performed using 140 fb~! of proton-proton collisions at a centre-of-mass energy of 13 TeV
recorded by the ATLAS detector at the CERN Large Hadron Collider. The analysis strategy is
optimised to probe anomalous values of the Higgs boson self-coupling modifier k, and of the
quartic HHVV (V = W, Z) coupling modifier k,y,. No significant excess above the expected
background from Standard Model processes is observed. An observed (expected) upper limit
pra < 5.9(3.1) is set at 95\% confidence-level on the Higgs boson pair production cross-
section normalised to its Standard Model prediction. The coupling modifiers are constrained to
an observed (expected) 95\% confidence interval of —3.2 < k) < 9.1 (—2.5 < k) < 9.2) and
—0.4 < Koy < 2.6 (—0.2 < K9y < 2.4),assuming all other Higgs boson couplings are fixed
to the Standard Model prediction. The results are also interpreted in the context of effective
field theories.

CDS entry

® |egacy Run 2 HH—=bbTT search

® Signal strength limits

® Constraints on anomalous couplings

® I interpretation

® Journal submission to follow soon, once

full EF

s included

® Previous full Run 2 search (not optimised
for non-resonant) [JHEP 07 (2023) 040]
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https://cds.cern.ch/record/2882132
https://link.springer.com/article/10.1007/JHEP07(2023)040

Tlepflep
covered in bbZ’¢ analysis

The HH—-bbTT search
® Two channels split by di-tau decay mode, 7,474

and 7;.,7p,,4 @and further categorised by triggers:

Thad®had  +  TlepPhad OLT +  TepThag LTT

ale. .
>INGIe .and Ai-Thag single-Z triggers  + 1,4 triggers
triggers

x 3 signal regions based on production mode and myy split

ggF low-my;; + ggF high-m;;; + VBF

p

+ 1 control region 6/,“

from 7 decay

my; (Z — eeluu + HF) CR

® Main backgrounds:
® true tausfrom ' and / — 77+ HF

® fake taus from multi-jet and 77 processes

Christina Dimitriadi HIPPO meeting, 2023-12-06 3



Analysis overview (now and then)

® Same trigger strategy, object reconstruction & identification and event selection as previous Run 2 analysis

Previous analysis This analysis

Dedicated ggF (high-muH, low-mpn)
and VBF regions:
Simultaneous constraints possible

Fully harmonized MVA strategy:
BDT in had-had, Optimised BDTs in both channels as
NN in lep-had fit discriminant and for

ggF/VBF classification

Inclusive SR for
ggF and VBF

pass VBF
BDT cut > VBF region

mpn>350 GeV

’
Event gelection

New background MC samples: Optimised binning
Dilepton ttbar,

Z+jets Sherpa 2.2.11 & aMC@NLO FxFx,
single top — less MC stat uncertainty,

easier modelling EFT interpretation of results

Christina Dimitriadi HIPPO meeting, 2023-12-06 4



ggF HH vs. VBF HH categorlsatlon

g 2009990999299

9 099009999099

has >= 4
jets

event —

Introduce dedicated VBF HH SR to improve i,y

constraint and decorrelate signal production modes

® Train BDTs to separate ggF HH from VBF HH on events
with at least 4 jets
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® ®
Spl IT 1IN MyKH
® Further categorisation of ggF-like events with a cut at my; = 350 GeV

® |mprove sensitivity to high k; values which are more enhanced at low

My

® Signal vs background BDTs trained separately for each category

, h es
yes pass VBF d
> BDT cut > VBF region

SM VBF HH vs
all backgrounds

Number of Events (normalised)

has >= 4
jets

event —»

SM ggF HH vs
all backgrounds

ESEED) - 100

vs all backgrounds

mHH>350 GeV
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Signal strength limits

® No significant signal excess found — ——————— ]
ATLAS Preliminary_ o Dbserved o W:l0
§H= 1?3;9\/’ 14010 ---ExBected 3;1 B
® Observed limit higher than expected due to 2.30 B ; Obs. (Exp)
fluctuation in 7y, 7,4 SLT (high my, ggF category) gt -1 | ] o 2 ) )
. . Tlepthad SLT O i ¢ ]
® Upper limits at 95% CL = R
Uy < 5.9 (observed) ThadThac *0 34 (3.9)
iy < 3.1 (expected) 20% improvement wrt previous result  compined . . 59 (3.)
! ||§|||||I ! Lo |
Simultaneous fit of pi,,r and gy g thanks to new VBF SR 1 10 107
95% CL upper limit on .
OggF
Hoop < 5.8 (3.2) obs. (exp.) Hoop: = =
22
pyvpr < 91 (71) obs. (exp.) _ OVBF
HVBF = SM
OVBF

Christina Dimitriadi HIPPO meeting, 2023-12-06 8



Constraints on coupling modifiers
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- [-3.2,9.1] - = [-0.4, 2.6] E

6F E 6F - =

51 = 5 =
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EFT interpretation: myy shape

® Seven HEFT shape benchmarks proposed by theorists

® (Cluster analysis used to group the various characteristic my;; shapes
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EFT interpretation: myy shape benchmarks

® Seven HEFT shape benchmarks proposed by theorists

® (Cluster analysis used to group the various characteristic my;; shapes
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EFT interpretation (bonus)

- I L L L B T
3 i ATLAS Work in progress :
' (L ~1 - 5 2'5:_ \s=13 TeV, 140 fb™ B
® \Wilson coefticients scans are also being currently ' HH — b -
: : 21 . -
prepared (to be included in the paper) : — Expected 95% CL :
150 ey € [~17.82,7.28) E
® Plan to set constraints on effective ggHH and itHH 1 —
couplings (HEFT framework) 0.5 -
g H - | — ! |:
) S %0 "S5 0 5 0 5 10
-gghh ¢

o cH
. 5 ST | T T | ]
S - ATLAS Work in progress .
g H 5 L 290 (5=13 TeV, 140 fb" E
2 Z_ — Expected 95% CL _Z
: A — cy— € [—7.37,13.39 —
e Wilson coefficients ¢, and ¢y "o no € 1 ] :
Wilson Coefficient Operator 1:_ E
cn (H' H)? 05f -
T i T N
O_ | T I R Ny

o | 10 -5 0 5 10 15
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Run 3 plans

® Kick-off of Run 3 HH — bbtt a few weeks ago

® \Work on (common) HH framework development

® Tentatively work on fake-tau background estimation

® The publication strategy is yet to be decided
o SH — bbrt never published by ATLAS, so a public result with Run 2 + partial Run 3 datasets likely

® Non-resonant HH — bbtt: wait or not for 2024 data for a public result?

® Collaboration with theorists

® Towards simplified models of compositeness and SUSY in HH (not specitic to bbrr)

Christina Dimitriadi HIPPO meeting, 2023-12-06 13






Event selection flowchart

channel: Thad Thad bb ( event 1 channel: ££bb { SLT + DLT H eveth J—>[ Z+HF CR J
L J selection

l channel: Tiep Thad bb

| v 1

: ] no : STT: single Thad-vis triggers

: STT + DTT SLT ) > LTT : DTT: di-Thagwvis triggers

: l yes l yes : SLT: single lepton triggers

. Y - : LTT: lepton-+Thad-vis triggers

: event : event ever?t : DLT: di-lepton triggers

: selection : selection selection :

E l E ) l ™ fmmmmmEmsssmsmsm s :

: VBF candidate: 1 Yes E VBF candidate: Yes VBF candidate: Yes !

: 2 2 extra-jets J : > 2 extra-jets > 2 extra-jets .

| : ) ) 1

: l No l No :

: v ! v :

: ggF-like categorisation MHH <« 39 -like (categorisation MHH < J9Flike (categorisation :

: 50T | B : | BOT :

: < 350 GeV | = 350 GeV l VBE-like l< 350 GeV \ = 350 GeV l VBE-like <350GeV \ = 350 GeV l VBE-like :

: low mMuH high mun VBF low muH high muH VBF E low muH high muH VBF :

: category category category category category category : category category category :
Thad Thad SR Tiep Thad SLT SR Tiep Thad LTT SR
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Differential cross-section

Christina Dimitriadi
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NLL scans per channel

—

g OEI rfrrrr[rrrryrrrryrrrrrrrrr|rrrr T T 'E :T 10 C 7 1 rrrr]rrrryrrrr|yrrrr T -
o — Observed - o = ]
o OF = o = Observed =
=3 - ATLAS Internal . — Combined - % 9E ATLAS Internal  Combined -
o 8 ¥s=13TeV, 1400 T N 8F s =13TeV, 140" _ =
— HH —> bbTT T a T a . ! — HH e bb'l:‘L' thadthad .

7 E_ lep Chad _E 7 ;— Tiep Thad —;

SF E 6 =

3 E 5 E

4 ;— 95% CL_; 4 f_ ".'::L 95% CL_i
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Deficit in hadhad, minimum at ~SM, smallest possible xsec

(SM predicts the lowest VBF yield) Detficit in hadhad, minimum at ~kl=2, where the yield is lowest

Excess in lephad, best fit k2v values away from 1 Here we can distinguish the two minima thanks to the ggF mHH categories.

(two k2v values that predict the same VBF yield)
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EFT frameworks

SMEFT HEFT

® Canonical counting, expansion in 1/A ® No power-counting like in SMEFT, more similar
c to chiral perturbation theory

‘ At _ Z Z I (L) (L)
n.i gdﬂ( S g(d)(:Z) + ( 1671-2 ) Ci Oi

L=1 1
® SM symmetries and fields, traditional EWSB
mechanism (Higgs field: SU(2). doublet) ® Higgs field: EW singlet
® More restrictive (correlated effective ® Much more general (independent couplings)
couplings - ggh (tth) vertex related to gghh
(tthh) one)

Christina Dimitriadi HIPPO meeting, 2023-12-06 18



HEFT in (¥

® Five independent effective coupling coeftticients, where ¢,,, = k;, and

h h? m? o h h?
ZLugrr O —my | ¢ — + — ft—Chhh_hh3 F— | ¢ h= +Coghh GO
'th v V2 v QT 88 v 88N V2 1224

Ctth

S (20999999909 H 000009999, > ®----—--
Ctth  Chhh ,*
A oo \ Y

\‘\\ Ctth

o H g 2200999008 - @--------
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SMEFT in (™

e Wilson coefficients in the Warsaw basis: and ¢,

O
S

® |n SM all of them are zero Not included in the HH EFT interpretations
_— because it's constrained by other measurements

(979)0(979) + 12 (97D, 9)" (97D49) + <2 (979)’

|(A2 ¢ ¢qL¢tR+h.C.) | A2 (P ¢Ga GHV4

CH
A2

ZSMEFT O

e Contrary to HEFT, the only operator that gets unique sensitivity from HH is

e Operators affecting gghh and tthh vertices are better constrained by single Higgs production
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