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Higgs self-coupling @ FCC-hh: What & why?

« FCC-hh: pp-collisions at 100 TeV, 30 ab™in ~25 years

Future
Circular
* Collider =

- - Gepey=ass

« Energy and precision frontier!

« Measuring the Higgs self-coupling via di-Higgs

1
HH producl'on at pp colliders at NLO in QCD

{ S St production is key benchmark for FCC-hh

« SM: o(ggHH) ~ O(1000) smaller than o(ggH)
« Large cross-section and data-set at FCC-hh
« 20 x precision of HL-LHC

opolfo]

ol ol A
MadGraph5_aMC@NLO

190

::]> Yoo « Access rarer, more difficult channels
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Overview of Higgs self-coupling limits & prospects

Experiment 95% CL limit Reference
ATLAS ATLAS-HDBS-2022
- HH 0.6<K,<6.6 5
- H+HH 0.4<K,<63
CMS Nature 607 (2022)
60
- HH -1.2<k,<6.5 =
ok, (68% CL)
HL-LHC ~50% e.g.
ATL-PHYS-PUB-20
22-005
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/
https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/

Overview of Higgs self-coupling limits & prospects

Best case scenarios for Future Colliders

Experiment 95% CL limit Reference
ATLAS ATLAS-HDBS-2022
- HH -0.6<kK,<6.6 03
- H+HH -0.4<k,<6.3
CMS Nature 607 (2022)
- HH 1.2<k,<6.5 -
oK, (68% CL)
HL-LHC ~50% g
ATL-PHYS-PUB-20
22-005

Experiment ok, (68% CL) Reference
ILC (1 TeV) 10% arXiv:22&3.07622
CLIC (3 TeV) 9% arXiv:18V1_12.01644
FCC-ee 24% |HEP01(2020)139
u (10 TeV) 4% arXiv:22VE3.07261
FCC-hh 30 agXiv:2004.03505

v2

H+HH

} H only

HH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/
https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/
https://arxiv.org/pdf/2203.07622.pdf
https://arxiv.org/pdf/2203.07622.pdf
https://arxiv.org/pdf/1812.01644.pdf
https://arxiv.org/pdf/1812.01644.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2020)139.pdf
https://arxiv.org/pdf/2203.07261.pdf
https://arxiv.org/pdf/2203.07261.pdf
https://arxiv.org/abs/2004.03505
https://arxiv.org/abs/2004.03505

bb f33.6%) Assuming SM Higgs BR

Higgs self-coupling projections for FCC-hh " i
M. Mangano, G. Ortona, M. Selvaggi ;
- . ’:c.q hﬁ S.lrlmflaltlon (Delphes) . " 0'26% o1
E \ \ §eeme- CO,meeq(stamm)g ® FCC'hh pOtentlal We" B o wwI 99 l w ozz oW '
4 \s=100Tev % Combined : rarer
) =y

L=30ab”’

established in several channels

bbt, T, +bbt,
— bbZZ(41)

i :_— bbbb

) ]

-
o
T ‘ [=E=E | E=E=]

* Previously published combination included
bbyy, bbrzr(hh+lh), 4b and bbZZ(4])

« Considered three different scenarios for

|Illl|\|1|1||l|\

IIII!I

------------------------------------------

l?ll

detector performance and systematic

1 1 b
0 9

: . uncertainties by reweighting from main
arXiv:2004. 03505v2 K,

detector scenario based on LHC
performance & FCC-hh TDR

Combined precision

0K, (68% CL) 3.0% - 7.8%
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https://arxiv.org/abs/2004.03505

This talk: Update of bbyy and adding bbll+E_ ™"

« Studying only ggF HH

production mode (so far)

3
Assuming SM Higgs BR
‘ BR HH—xxyy

(mn =125 GeV)
arXiv:1708.08249

107
102

107

YY |0.26%0.1%

- |

bb WW 99 L 2z v

v
rarer

Final state = BR(HH-X) Description
bbyy 0.26% High precision, despite small
BR: Clean signature with well
reconstructed objects
DNN-based analysis
BblI+E ™ 3.24% Summing contributions from

bbWW(Ivlv)+bbrz(llvlv)+bbZ Z (llvv)
Larger BR, but more background
contaminated, limited precision
Not studied at FCC-hh before

Cut-based analysis

CLUSTER OF EXCELLENCE
DESY. QUANTUM UNIVERSE o ropaniversitat Hamburg
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Common software stack for future facilities

Event generator ) KA\II part of key4dhep project: Consistent software \
stack for all future projects - sustainable &
‘ future-proof approach, "turn-key software"
Detector simulation > e Samplesin EDM4HEP format
‘ \o Details see e.g. T. Madlener @ ECFA workshooj
Samples

4 ’

Physics analysis Analysis with common framework ECCAnalyses

& statistical

interpretation
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https://github.com/key4hep
https://edm4hep.web.cern.ch/
https://indico.desy.de/event/33640/contributions/125937/attachments/77622/100424/sw_ecosystem_ecfa2022_madlener.pdf
https://github.com/HEP-FCC/FCCAnalyses

Common software stack for future facilities
Fast, parametrized detector simulation with

Event generator

4

Detector simulation

\ 4

Samples

4

Physics analysis
& statistical
interpretation

Delphes with updated FCC-hh card
Very optimistic “ideal” scenario, implement

fixes & new features

Example parametrization for muons

Efficiency

10"
pr (GeV)
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https://arxiv.org/pdf/1307.6346.pdf
https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl

° ° ° 2 | 6 Fcc-hn simutation (Delphes) ontes ol Hidas
bbyy analysis: Strategy overview fof e o
10° 3 HH(bbyy) analysis, Pre-Sel.
. . 10*
Signal signature
10°%
Pre-selected events ok
Tt - 10E
/’// \\\\\ 15_
% 105;7 FCC-hh Simulation (Delphes) Non-res. Single Higgs /’, \\\ @ 0.02 —
5 [ f=100Tev,L=30a" — HH(bBYY) ! \ 9 0.015 T
105? HH(bbyy) analysis, Pre-Sel. : ‘: 0.%'851'-'- o s
10“; b l‘ / 1010“_ 115 120 125 130 13;31 [Ge\%m
« Backgrounds:
i « Non-resonant QCD:
T ey yytjets and y+jets
0.01 L -l
0.005 fm—" . o i . . . o
I 2 b-jets & 2 photons with Single Higgs
Me,
invariant masses near m,, production
DESY, gt Higgs self-coupling measurements at the FCC-hh| Birgit Stapf | 24.08.2023| EPS 2023 | Hamburg Page 9




bbyy analysis: Strategy overview il
Single Higgs bkg composition

Pre-selected events

‘ 9gH( 7)

10

1

o 10
o @ T g = §6ihe Soand
DNN-based ttH tagger v o0 s e
VBF H( 1) O™ o 05 05 04 05 06 07 08 08 1
9.6% DNN score
* #tH enhanced - same final « Exploit expected differences in kinematics:
state as signal signature * #tH more jets, but less energetic
«  o(ttH>yy) ~ 3 o(ggHH->bbyy) « #tH can contain high pT leptons
*  bb- and yy-pair back to back in signal
DESY, L ronck s U Higgs self-coupling measurements at the FCC-hh| Birgit Stapf | 24.08.2023| EPS 2023 | Hamburg Page 10




bbyy analysis: Strategy overview

Pre-selected events

4

DNN-based #tH tagger

4

m_<350GeV m_>350 GeV

S/B

mx:mg

0.15

0.1

0.05

o

000
oML

FCC-hh Sfmulation (Delphes)

{s=100feV,L=30ab" , bbyy

IIII|IIII|IIII|IIII|IIII|IIIIIJIII

Non-res.
P, -
A
K,=3

Single Higgs
0

—_kK; =

Shape depends on k
Region m <350 GeV

A

has low S/B for K, =1
(SM), but
contributions from

x,#1 (BSM) signals
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bbyy analysis: Strategy overview

Medium
purity

4 1

Optimization of DNN
score cuts

4 1

m_< 350 m_> 350 » DNN to suppress
GeV GeV non-ttH backgrounds

Pre-selected events High purity

DNN-based #tH tagger

Events

Separate DNNs for
suppressing non-
background, using same
input variables as #tH tagger

Optimization of cuts based

on significance

10 —S/HtH — S/Othe ]
—metmiet—]
1072-—4'_'-—'_‘_"_._.- .._.—’_—'—J_
A N A o === _ N T T Y I
0 01 02 03 04 05 OP 0.7 0|8 09 1
DNN score
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S/B

Events

bbyy analysis: Strategy overview

g 6 FCC-hh Simulation (Delphes)
o 10°e _ Single Higgs Non-res.
u>.| E  {s=100TeV,L=30ab" , bbyy =
E — HH(bbyy)
10°E
10
1 05 = FCC-hh Simulation (Delphe: Single_Higgs Non-res. 103;
E s=100TeV,L=30ab" /bbyy — HH(bbyy)
r Sideband Central F
10°¢ 10
L 10E
10* E
F L= O I PO I PN I T W O [
5
y=—nn—— 3 88 o
£ 0.3
B 0.2 1
2| 01
1022 S M paA
——— | e 116 118 120 122 124 126 128 130 132 134
E m,, [GeV]
F ]
10 L — .
E bl BTy
£ g 6 FCC-hh Simulation (Delphes)
g 10 - Single Higgs | Non-res.
— £ =100TeV,L=80ab" , .
== = s e = @ F " ¢ o ebry — HH(bBYY)
10°E
1071 ~,_._l-‘-r-J-—.‘'-'..-_.-..r: I. 1045
102 L 10E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 £
80 100 120 140 160 180 200 s
m, - [GeV] E
10
1k
Eelh vl b b b o b b bewa Lo
o 0
o 05
@ 04
0.3
0.2
0.1
cl\\\\l\ il N m Ol N B VR
116 118 120 122 124 126 128 130 132 [(1334%/]
m e
CLUSTER OF EXCELLENCE | i ~ i &
DESY. quantum unIverse . nggs Se/f COUp/Ing meg

Sideband

» Categorize based on m,,

Central
region

Fit m,, in 8 categories

1| 24.08.2023| EPS 2023 | Hamburg
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bbll+E ™ Strategy overview

Signal signature

Cut-based event selection

exploiting signal kinematics

+  Targeted suppression of

background using

2 ’ 2

% 1 01 3 FCC-hh Simulation (Delphes) . i . v
12 - = 1 =
o 10 §=100TeV, L =30 ab Single Higgs ~ Single top
1 0“ HH(bbWW(ep)) analysis, Pre-Sel. . V+jets ttw

— HH(bbWW)

myp, + Mpp, M, +m
reco _ ( liby laby "loby lle) B i

FCC-hh Simulation (Delphes)

Vs=100TeV,L=230ab" . " . [= Sngleikiggs
= hE B V+ets |

ttv
HH(bbWW(epu)) analysis, Kin. Sel.

%% []single top
— HH(bbIHMET)

T TR

——

80 100 120 140 180 200

160
My,(bb21+MET) [GeV]

i »  Stransverse mass m._, predicts invisible
f§2 mass contribution
3150 - Capture the full HH decay
. 2;;10‘—é - » Fittom,, distributionin 5
+ Leptonpair + £+ 2 bjets 7 ?z __ —==r categories depending on lepton
* Leptons isolated from b-jets W0 0 0 e W el s flavours and if (I} decay
DESY, e U wems HiggS self-coupling measurements at the FCC-hh | Birgit Stapf | 24.08.2023 | EPS 2023 | Hamburg
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https://arxiv.org/abs/1103.5682

Combination: Systematic uncertainties

Source of uncertainty Syst. 1 Syst. 2 Syst. 3 Applies to Correlated
Common systematics

b-jet ID / b-jet 0.5% 1% 2% Signals, MC bkgs. v
Luminosity 0.5% 1% 2% Signals, MC bkgs. v
Signal cross-section 0.5% 1% 1.5%  Signals, MC bkgs. v
bbyy systematics

vID / v 0.5% 1% 2% Signals, MC bkgs. X
bbll + ERss systematics

Lepton ID / lepton 0.5% 1% 2% Signals, MC bkgs. X
Data-driven bkg. est. - 1% 1% V + jets X
Data-driven bkg. est. - . 1% tt X

e Following previous di-Higgs studies@FCC-hh

e Applied as rate systematics only, no shape effect

DESY, ‘Lrmemxcunumie . Higgs self-coupling measurements at the FCC-hh| Birgit Stapf | 24.08.2023| EPS 2023 | Hamburg Page 15



https://arxiv.org/abs/2004.03505

Combination: Self-coupling precision

8 FCC hh 30 ab~1 (100 TeV) °

= bbyy + bbll Stat only
=== bbyy + bbll w. syst
bbyy w. syst
me=_bbll w. syst

-2AIn(L)
FSY

0.6 0.8 1.0 12 14 1.6 18

Higgs self-coupling modifier k,interpretation
o Parametrized dependence of o(ggHH) on k,
m Inputs:x,=1.0,24, 3.0
o All other couplings fixed to SM
o NLO cross-sections at 100 TeV, with k-factor
independent of k,
o No Higgs BR dependance on k, and

uncertainties or other additional theory

“ uncertainties
Stat. only Syst. 1 Syst. 2 Syst. 3
61% (68% CL) 3.2% 3.6% 3.9% 5.7%

CLUSTER OF EXCELLENCE
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Combination: Self-coupling precision

Combined, stat. only

L e o e O L B B
b-1 i -
. FCC hh 30 ab~! (100 TeV) : FCC'hh, 30 ab1 -68°/o CL
* ' bbyy + bbll Stat only 1.08 - Work in progress [JoswcL -
7 === bbyy + bbll w. syst L .
— by w. syst ok Best fit
1.06 |- .
6 m—=_bbll w. syst
5 1.04 -
§ R e B L L Ll il datat - 1.02 -
3.
1_ —
2 .
e N 0.98 E
0 T T T T 0.96 =
0.6 0.8 1.0 1.2 1.6 1.8 N TR SN UNEUNE SN ST T SR
ka 07 08 09 1 11 12 13
Ky,
Stat. only Syst. 1 Syst. 2 Syst. 3
6KA (68% CL) 3.2% 3.6% 3.9% 5.7%
DESY, licnExtanENn Higgs self-coupling measurements at the FCC-hh| Birgit Stapf | 24.08.2023| EPS 2023 | Hamburg Page 17




Summary

+  Explored bbyy and bbli+E, M* final states for di-Higgs measurements @ FCC-hh
« Using updated (optimistic) Delphes scenario
* bbyy analysis using multiple DNN
« Dedicated #H tagger + DNN against non-resonant & rest single Higgs
*  DbII+E_M* new addition, fully cut-based
« Sensitivity limited by large # background
+ Combination reaches 3-5% «x, precision, depending on syst. uncertainties
»  Driven by bbyy, bbll+E_ M reaches ~20% precision only
* Preliminary results from restarting FCC-hh di-Higgs effort

DESY, ‘Lrmemxcunumie ﬁpmmm Higgs self-coupling measurements at the FCC-hh| Birgit Stapf | 24.08.2023| EPS 2023 | Hamburg Page 18
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Di-Higgs final states

1
bb -33_5% Assuming SM Higgs BR
BR HH—xxyy 1.
(M = 125 GeV)
0,
i e arXiv:1708.08249 | | |
a9
107
.
- pm
22
: 10
Y
Vrarer . : 10°
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Parametrization of detector performance with Delphes

* Relevant efficiencies & resolutions for bbyy and bbll+E ™

Relative p resolution Efficiency
Electrons 0.4-1% 80-99%
Muons 0.05-0.4% 94-99%
Photons 0.4-0.1% 80-95%

b-tagging efficiency: 80-90% (“medium” working point)

sssssssssssssssssss
DESY.  quantum universe I v tamiury Page 21



bbyy analysis: Strategy overview

Event generator

‘ purity

Detector simulation t
‘ Optimization of DNN
score cuts
Samples

(] 1

Physics analysis » DNN to suppress

& statistical non-ttH backgrounds
interpretation

Medium High purity » Categorize based on m

4

Sideband

4

Fitm__in 8 categories
ry

Central
region

Page 22



bbyy analysis: DNN input variables

[ signal kI=1.0 0.6 3 signal kI=1.0
0.30 A ttH
ttH
[ gglets 051 [ gglets
0.25 A res bkg _res bkg
0.4 4
0.20 A
0.3
0.15 A
0.2 A
0.10 A
0.05 1 0.1+
0.00 : 0.0 T T T T T T T T
0 2 4 6 8 10 0.0 0.5 1.0 15 A;(.gg) 2.5 3.0 3:5; 4.0

CLUSTER OF EXCELLENCE
DESY.  quantum universe L) ot ambu Page 23



[ Signal kI=1.0

. o . 1 Signal kI=1.0 0.8 ttH
° 0.6 ttHe . 0.7 1 gglets
bbyy analysis: DNN input variables o, | o
0.5
0.4
0.4
0.31
m The number of jets (with no b tag requirement) 03
0.21 0.2
m The b tag of the leading and subleading jet; 01l 01
m pr(j)/m(jj) of the leading and subleading jet. 0.0 1 . i ; *0 0 os 15 20 25 30 35 40
0 1 2 3 4 5 An(bb)
. 1 . . ¥ min A Rgp
m pr(jj)/m(jj) of the dijet object; — . =
Signal kI=1.0 ttH
m pr(y)/m(yy) of the leading and subleading photon; 1754 e 150 1 gglets
| 1 gglets res bkg
m pr(yy)/m(yy) of the diphoton object; e res b9 125
1259
1.00
m The scalar sum of the jet pr; 1.00 o
m The AR between the closest photon-jet pair; ZZ: 050
m The AR between the other photon-jet pair; 0.5 0231 ﬂ
0.00 T T T T T T T
m The A¢ and An between the leading and subleading photon; s 1 me e (G 5 6 0 ! zpm \ ma;qq (Gev)4 > °
m The A¢ and An between the leading and subleading jet; =T 1 Signal K=i0
4 ttH
m The Ag and Ay between the diphoton and the dijet object, 00101 =1 guis ’ = ggets
res bkg | res bkg
m The angle between the diphoton object and the beam axis in the dijet rest frame; 0-0087 *
3
m The angle between the leading jet and the beam axis in the dijet rest frame; 00089
2]
m The angle between the leading photon and the beam axis in the diphoton rest frame; 00041
4 14
m Number of leptons, i.e. muons and electrons 0002
0 T T T T 1
IR
DESY. SR Page 24




bbll+E ™ Analysis strategy

Signal signature: Lepton pair + ET"/”'SS + 2 b-jets

2 10'2|- FCC-hh Simulation (Delphes) —_ Wi . | f .
o 4 B . - >
£ 10F - orerL-com W — Leptons isolated from b-jets (AR > 0.4)
10 HH(bbWW(ep)) analysis, Pre-Sel. 4 7
10 e - Backgrounds from:
10 _ -
107 « frand single top
105E S B
10:? | Em——— el L—-—L . itV
10
182 - Single Higgs (ggF, VBF, ttH, VH)
i «  Vijets
- —
10 |8 | { | | T [l i | { I A | 1111 | EXY ¥ ° ttVV
x10°°
g 10 fref ot
¢ g R +¢++++++T+ « Categorization of events based on lepton flavours and
g +
6 e s .
4l :_"'l—v—f*\_*l-.-l fd VT Ot fofhefi (1 PO o e Whether (On'She”) Z(”) decay IS present
0 50 100 150 200 250 300 350
ETSS [GeV]
e -category
DESY. amremonnint ' B Page 25




bbll+E,_™*:Fit inputs

1wvv
0.89%

V+jets
1.94%

4.54%

it
92.36%

v
0.07%

Signal
0.21%
(073) 0.003
0.002
0.001
0
[ ]

FCC-hh Simulation (Delphes)

| I3 Single Higgs
{s=100TeV,L=30ab" W V-iets mav
HH(bbWW(ep)) analysis, Kin. Sel. v D Single top
— HH(bbll+MET)

| ¢ l I 1 1 1 1 11 3 1

———

80 100 120 140 160 180 200
my,(bb2+MET) [GeV]

Stransverse mass m,, predicts

invisible mass contribution

o Capture the full HH decay

CLUSTER OF EXCELLENCE
DESY~ QUANTUM UNIVERSE o
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https://arxiv.org/abs/1103.5682

Fbll+ETmi55: Event selection & categorization

Analysis category

DFOS SFOS, no Z-peak  SFOS, on Z-peak
Main signals bOWW*, bbrr WOWW*, bbrr bbZ Z*, bbrT
Selection variable Criterion
Lepton pair eu €e Or fifi €e Or [ifi
Number of b-jets = 2
Mph 85 - 105 GeV
ARy < 2
ARy <18
HEe > 0.8
myp° > 150 GeV
Ag(£L, Emiss) <2 £ 1.2
Mgy 10 - 80 GeV 81 - 101 GeV

A¢(0l, EXisS)_categories < 1.2 ("low”) and 1.2 — 2.0 ("high”) -

Table 3.25.: Overview of the harmonized event selection and categorization.

CLUSTER OF EXCELLENCE
DESY. QUANTUM UNIVERSE o

Hamburg Page 27




CERN-ACC-2018-0045

Previous projections for 5bWW @ FCC-hh

D' = I | LS | I 4

< E 7 iy T T T 7 T T T
0.6 - — o 6| —— Signal Efficiency -
N . —4-— Background Rejection g
- -hh - bb WW . é <-4 SABwith 3ab’" :
05 | , — S, 5| —— S/Bwith30ab’ -
B ] E 2} C =
- 3 ol =
] g - .
] 2 B ]
= § 3 3
- w L N
5 2~ =
: 1 =
i - , i 0

. 0 -1 -0.5 0 0.5 1

2 4 6 8 10

AR (WW) BDTG Cut

e bbWW/(2jlv) studied using BDT, with similar input variables as used here
e Achieved 40% precision (@68% CL) on k

CLUSTER OF EXCELLENCE
DESY~ QUANTUM UNIVERSE
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https://cds.cern.ch/record/2642471/files/CERN-ACC-2018-0045.pdf

bbll+E ™ :signals

Signal BR(HH—X) Advantage
1
bb Assuming SM Higgs BR bbWW(lvlv) 2.24% Largest BR in bbll+E_M* final state
BRHH—xxyy |2, Established for HH-studies @ LHC
WW (mn =125 GeV)
arXiv:1708.08249 | | |
99 bbzz(lvlvy) 0.88% e« channel established for single
10° Higgs studies @ LHC
77 o bbZZ(llw) 0.12% Reconstruct Z(ll) decay
10°

Yy 026/o 1% .
v | |

s * Sum the contribution from all decay modes

« Do not consider Higgs BR uncertainties
« Three categories depending on lepton flavours,

and if there is a Z(ll) resonance

CLUSTER OF EXCELLENCE

DESY. QUA NIVERSE ML) universiat Hor mburg Page 29




Assuming SM Higgs BR
BR HH—xxyy

(i = 125 GeV)

Higgs self-coupling projections for FCC-hh T

A. Taliercio et. al.

FCC hh 30 ab~1 (100 TeV)

7

! T
=== Statonly
[ Combination

o HH - bbtt
5 HH - 4b
: HH - bbyy

__-'/

[ —— . - . o

0.8 0.9 1.0 1.1 1.2

kx
arXiv:2203.08042
Stat. only
oK, (68% CL) 2.0%

Recently published update '~ -, .. %
on bbyy, bbzz(hh+lh), 4b and their

combination

Analysis improvements from using Deep
Neural Networks

Simplified (more optimistic) Delphes and
systematics scenarios, with explicit pile-up
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https://arxiv.org/abs/2203.08042

bbll+E_™ss: Eyent kinematics & selection
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b—bll+ET’"i“: Stransverse mass

DFOS, pre-selection
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Di-Higgs cross-section dependance on k, in pp-collisions

FCC-hh Simulation (Delphes)
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Higgs self-coupling @ ILC

a o
=, - P(e+,e-)=(0.3,-0.8): — Higgs-strahlung (ZHH)
r 05 — WW-fusion (v,7,HH)
c - P(e+,e)=(0.6,-0.8): ... Higgs-strahlung (ZHH)
2 o4k - WW-fusion (v,v,HH)
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«  Two production modes:

Higgsstrahlung, peaks ~500 GeV
WW-fusion, above ~1 TeV
— need runs at both energies for

maximum k, precision

arXiv:2203.07622v2
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Studied dominant channels 4b and bbWW
Advantage of ee-collider: ZHH cross-section
increases with K, hence better constraints at

values k, > 1 than pp-colliders
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arXiv:2203.07261v2

Higgs self-coupling @ muon collider

« Only4b
3 TeV p-coll. 10 TeV p-coll. 14 TeV p-coll. 30 TeV p-coll.
L~1ab™" L=10ab™'  L~20ab™'  L=90ab~’

68% prob. interval

dky [-0.27,0.35] U [0.85,0.94] [-0.035,0.037] [-0.024, 0.025] [-0.011,0.012]
—[-0.15,0.16] (2x L)
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Why di-Higgs at FCC-hh?

Higgs@FC WG September 2019
T T T 7T I T T T T [ T Tl T l | T T T l T T Tk, l T T di-Higgs single_Higgs
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FCC-hh is the only perspective for a Higgs self-coupling precision measurement

>

Higgs self-coupling measurement is a clear benchmark channel for the FCC-hh
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