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SM di-Higgs production (33fb) is three order of magnitudes smaller than single
Higgs production (48pb)

destructive interference

The cross section is enhanced by BSM contributions

non-resonant: anomalous tri-linear coupling (c3) or other Higgs couplings
(Cat, C2g, Cov) OF; composite Higgs models

resonant: for example 2HDM via heavy Higgs or Randall-Sundrum
gravitons

Final states:
h->bb has the highest branching ratio
h->yy has the cleanest final state with a good mass resolution

h->WW and h->tt are good compromises
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o(HH) @ 8TeV ~10fb™
non-resonant limits:
Analysis yybb yyWw+ Combined
Upper lintit on the cross section fpb]
Expected 1.0 6.7 0.47
Observed 2.2 11 0.69
Upper limit on the cr¢ss section relitive to the SM predictipn
Expected 100 680 48
Observed 220 1150 70
— >
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Run 2 13fb? hh - bbbb: Event selection Physics | Lancaster

Boosted Resolved
e >1000 GeV e 300to 1200 GeV
e optimised for resonant phenomena ¢ resonant and non-resonant
e 2 anti-kt jets with R=1.0 e 4 anti-kyjets with R=0.4
e 2-4 b-tags in associated R=0.2 track-jets e 4 b-tags; €(b-tag) = 70% in tt
e pr>450-250 GeV, |n|<2.0, m;>50GeV e mydependent prcuts
e |Annn| <1.7 e |Annn| < ~1.1 (M4 dependent)
Jet combinatorics (resolved): Resolved background model:
=
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multi-jet background
modelled in sideband
with 2-tags
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4/2-tag reweighting
e number of jets
e [eading Higgs pT

e jet energies of sub-
leading Higgs
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Run 2 13fb’! hh = bbbb: Results

Resolved analysis: Boosted analysis:
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~— L ATLASPreliminary = Buk RS, kM, =1.0 1 Systematics in %-yield in resolved analysis:
Ig [~ Vs=13 TeV. 13.3 fb" e Observed l.lmlt (95% CL) "
|g ’ ssssss Expected Limit (95% CL) 1 2015 2016
p 10°E - E"m‘: 3 Source Background SM hh  G%, (300 GeV) Background SMAh Gy (800 GeV)
— x = 20 —
£ [ 1 Luminosity - 2.1 2.1 - 3.7 3.7
1 - 4 JER . 5.7 3.3 . 54 3.5
07 Resalved | Boosted | Resonant limit 5 IBS - 04 1.3 - 0.6 1.3
O] b-tagging - 23 35 - 23 35
¢ I i Theoretical — 9.7 4.2 — 9.7 4.2
% Multijet 5 - - 5 - -
~5 10k - tt 58 - - 58 - —
F 3 Total 5.5 26 35 5.5 27 36
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Extrapolating the resolved analysis limit on o to Adding improvement to background understanding:
14TeV and 3000 fb™:
= — 71— T3 % L e L L B
\g"’ 205 ATLAS Preliminary No systematic uncertainties 3 e - o -
€ 18EF 1smratev = 5 S5 ATLAS Preliminary E
- 16 s Current systematic uncertainties o [~ - _
£ _ 45 \s=14TeV, L =3000fb" -
§ : “E .
E pr(jet)>30GeV| FE .
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1g 350 (5= 14TeV, L=30000" mamm ey - 5% €L Background uncertainty scale relative to current level
i Expected = 20 .
; 300
p No sys.
7 250
2 200 Caveat: pile-up might require a higher cut on jet-pr
5 which would degrade the limit significantly.

expected HL-LHC limit on Ayuh:
0.2 < Auun/Asm < 7.0 @ 95% C.L.
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Extrapolating the resolved analysis limit on o to Adding improvement to background understanding:
14TeV and 3000 fb™:
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expected HL-LHC limit on Ayuh:
0.2 < Auun/Asm < 7.0 @ 95% C.L.
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Events / 0.5 GeV

Data - Fit

Run 2 13.3fb! hh = yyWW* (= lv jj)

Signal selection:
1 lepton (pr>10GeV)
2 jets (pr>25GeV),
2 photons (pr>35/25 GeV)
|m(vy) - mh| < 20h,
onhh = 1.7 GeV

Control region (0 lepton):

ATLAS Preliminary $ Data ]
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Events / 1.7 GeV

Data - Fit

Physics | Lancaster E=3

Data driven background modelling:
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Sideband extrapolation. A transfer factor is measured using a
second order exponential function in the O-lepton control region.

Background modelling is the main systematics (17%)

Event numbers in SR:

Process Number of events . .
non-resonant limit:
Continuum background 7.26 +1.23
SM single-Higgs 0.616 +0.115 OhH < 25pb
SM di-Higgs 0.0187 +0.00224 (749 x SM)
Observed 15
Signal region (1 lepton): Limit for resonant hh production:
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Event selection: g
e 2isolated photons, Er/m,, >0.35 3 .|
(0.25) '~§
e 2 b-jets, pr>55/35 GeV, £=85%, = oz
removal of pile-up jets
e mp/mpp scaling to improve the "l
Mhhyy resolution is used ool
* |myy - mn|<20(mpn);
O'(mhh)=1.55GeV 0.05 }
® Mpbyy cONtaining 95% of di-Higgs _
0.00

events

Non-resonant limit:
0 < 3.9pb (117 x SM)

H. Fox
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Simplified analysis for Vs=14TeV and a luminosity of 3000 fb!

Events / 5 GeV
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S/B=9.5 / 91 giving a 1o significance

expected HL-LHC limit on Ayun:
-0.8< )\HHH/)\SM <7.7 @ 95% C.L.
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Three ATLAS Run 2 analyses searching for di-Higgs decays at Vs = 13 TeV have been presented.
No BSM physics has been observed - yet.

Run 2 limits with 13.3fb™ already improve on the Run 1 limits

HL-LHC may be able to constrain tri-linear Higgs couplings.

H. Fox
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Three ATLAS Run 2 analyses searching for di-Higgs decays at Vs = 13 TeV have been presented.
No BSM physics has been observed - yet.

Run 2 limits with 13.3fb™ already improve on the Run 1 limits

HL-LHC may be able to constrain tri-linear Higgs couplings.
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Run 2 13fb? hh - bbbb: Event selection University =

lead Table 3: The number of predicted background events in the signal region for the resolved analysis compared to the
Pt > 0.5 m4j —90 GeV data, for the 2015 and 2016 datasets. The yields for two potential signals, SM non-resonant Higgs pair production
and an 800 GeV G;‘(K resonance with k/Mp; = 1 are shown. The quoted errors include both the statistical and
p%ubl > O 33m4J . 7 O GGV systematic uncertainties.
Sample 2015 Signal Region 2016 Signal Region
1.1 if my; < 850 GeV Multijet 1131 +68 3670+200
|Anpn| < 3 , (7 57434 190 + 110
2% 1073 my; — 0.6 if myj > 850 GeV
Total 1189+76 3860 +230
< 250 m> Data 1231 3990
S ATLAS Preliminary I6000 3 SM hh 0.47 £0.12 1.5 + 0.4
— Vs=13 TeV, 13.3 fb" o Gy (800 GeV), k/Mpy = 1 8+ 3 24 + 8
3 Boosted -
e 200 2
c
2
4000 o : S
2-tag-split 3-tag 4-tag
150 Sample Sideband Control Reg.  Sideband Control Reg. Sideband Control Reg.
Multijet 19400+200 5917+ 62  4294+89 1318+ 27 258+22 843+ 7.1
2000 tt 3860+160 1038+ 45 720+68 189+ 19 3616 101+ 4.5
100 Total 23260+ 160 6954+ 52 5014+73 1507+ 24 294+17 944+ 58
Data 23277 7200 5007 1529 291 81
5 0 2-tag-split 3-tag 4-tag
%O 100 130 200 250 Source Background Gy, (2TeV) Background Gy, (2TeV) Background Gy, (2TeV)
m'ad [GeV] Luminosity ] 2.9 ] 2.9 ] 2.9
JER - 0.1 - 0.1 - 0.3
Sample 2-tag-split 3-tag 4-tag MR ) 12 ) 12 ) 12
Multijet 2310+ 240 515+ 41 32,6+ 7.6 JES/TMS - 4.5 - 4.2 - .
1 460 + 170 81+ 37 57+ 52 b-tagging - 58 - 15 - 38
Total 2770+ 130 596+ 39 383+ 9.0 Theoretical X 27 ) 23 - 24
Bkg Estimate 4.4 - 4.6 - 21 -
Data 2813 671 32 Statistical 0.5 1.4 1.1 1.0 1.2 1.3
Gip (2 TeV), k/Mp =1 017 £0.10 0312006 0.15+0.06 t 1.6 ) 47 i 10 i
Total Sys 4.7 59 6.6 20 24 40
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i L ATLAS Preliminary Non-resonant prediction = 35 T T " T T '. T . T L e
'51000' Vs =14 TeV, L = 3000 fb” - EiﬁZﬁIZﬂ I;'T; Os%ch) /- Ew — ATLAS Pre“mmary, No systematic uncertainties —
2 i Expected = 20 i 2 30 /s =14 TeV —
1 800__ ] _S — Current systematic uncertainties -
£ 0 E 25 -
L e00- current sys. 5 20 pr(jet)>75GeV
5l _ 2 F -
400 2 15 —]
N = ——
—1 10 —
200 O - -
; R 5 =
Ll . P R R S — 3
-10 -5 0 S 10 15 SM20 - [ S S S — S S
M M ' 2 6F =
200 5E 2
. Y2 aF =
expected HL-LHC limit on Anp: 23 3;_/ 3
Elg 25 =
3.5 < Mmr/Asm < 11.0 @ 95% C.L. S (| — e e e
-0 500 1000 1500 2000 2500 3000
Integrated Luminosity [fb™]
Jet Threshold ~ Background o/osm Ay | Auam /A3y
[GeV] Systematics || 95% Exclusion | Lower Limit Upper Limit
30 GeV Negligible 1.5 0.2 7
30 GeV Current 5.2 -3.5 11
75 GeV Negligible 2.0 -3.4 12
75 GeV Current 11.5 -7.4 14
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