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MC SIMULATIONS AND ANALYSES

@lp PARIS
: MadGraph5_aMC@NLO + pythia
: Delphes / IDEA detector
: 240 GeV (5 ab™') / 365 GeV (1.5 ab™")
>MM§) >MMSS:5_ eﬁ e}\:
B .
Signal: ZH (recoil and decay), VBF (WW, ZZ) Backgrounds considered: WW, ZZ, Z/y

: Higgs Boson mass, signal strengths, HWW/HZZ couplings and k;
Use of . inclusive in ZH, ZH with H — bb, and VBF with H — bb
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SELECTIONS - SUMMARY
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> uTpuT with pp, > 20 GeV, pr, > 5 GeV > eTe” with pp, > 10 GeV, pry > 5 GeV
> Minimum | M,u"’/t_ — le > Minimum |Me+e— - MZl
> 80 < My+,- < 100 GeV > >2b-jets
> 120/110 < M, < 150 GeV > 110 <M, < 150 GeV
» ete” with DPre1 > 10 GeV, pr,, > 5 GeV » >2 b-je'fs + |Anjj| <3
> Minimum | M +.- — Mz| > Hy > 10 GeV
> 60 < M+, < 120 GeV > MET > 10 Gev
> 110 < M, < 150 GeVv » BDT (17 variables): M;;, n;, acolj; E;, Prje Prj - Hr, MET, 7,..
> 2 2 b-jets + pp;; > 60 GeV > >2b-jets+ pp, > 15 6GeV, pp,>5 GeV
> My > 45 Gev > Myte- > 80 GeV
>

Hr > 10 Gev > BDT (25 variables): M+,-,acol,+.-, acol;j, m;, M;; 1, Ej, j,...
> BDT (17 variables): n;, acol;, ny;, E;, n;,Hy, MET, Mj;,...

Vs (GeV) ‘ Production [ Z decay | H Decay

240 ZH e -
240 ZH bb -
240 ZH ete” bb
365 ZH phrp -
365 WWF - bb
365 ZZF - bb
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HIGGS BOSON MASS AND 4, SIGNAL STRENGTH
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Fits to the inclusive M,,. spectrum: extract my and

Events /(0.3)

Events/(3)

Vs =240 GeV, L =5 ab™!

9000{—
E Z - +,,- FCC-ce sim
8000~ KoK S+B it
E (After selections) .
7000 ———- signal
E — — =~ background
6000
E my = 125 GeV
5000 —
E Signal:
4000[—
3000 —
2000~ Best mass measurement
1000
¥ oo o%0s ot .
- : e T .
ool SO TOUN TONNY A ISR AL TTTPISEY NN NN SR VONR VTN DO VO VO DO YO0 DOUUT TOOUT SO0 SR ANt Moy S0 o e s
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Mo (GeV)
Vs =240 GeV, L =5 ab™!
7000(— —
- + FCC-ee sim Z bb
C (After selections + BDT)
6000[— S+B fit
E - —— - signal
5000 :_ background
4000:_ my = 125 GeV
3000 Signal:
2000[—
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OO WL L
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( )

35— ; :
s - : :
25 _ : e 240 GeV Z(upH
= R 240 GeV Z(ee)H
2 240 GeV Z(bb)H
i :_ 0 ! ." ------- 365 GeV Z(uu)H
“E . : —— Combined
1= . : (stat only)
0.5 :—— """"""""""" "', """ . " """ ph .:',‘ o '0:: """""""""""""""""""""""""""""
: 1 1 1 I 1 1 1 I l':";vg;" ’l‘ 1 l 1 1 I 1 1 1 | 1 1 1 I 1 1 1
P9z o096 098 1 1.02  1.04 106  1.08 1.1
0.31% HzHn

7 decay mode

Opize o

prp

3 0.86

ppT

- 1.84

ete” 240 4.2 1.1
bb 240 - 0.36
combination 2.4 0.31
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INDIVIDUAL DECAY MODES
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Study of the : production and decay signal s‘rrengﬂ’rhs

V5 =240 GeV, L =5 ab™'

S wwf-Z — ete” 18" e FCC-ee (240 + 365 GeV) i
§ A - — 1o (statonly) !
g 3500 H el bb ‘ o 1.027_ :
3000 (After selections) - E i
- - gl 1.01— ;
background HZH X ﬂbb C ' l
my = 125 GeV E SM ] f % i %
Signal: - : [
- 0.99— !
0.98—
P16 115 120 125 130 135 140 145 . 150 0.97— |
Mo (GeV) E - | | i
V5 =365 GeV, L = 1.5 ab™! E Uz HVBFE.WW WVBF.ZZ /lbb u
2 ol W fusion: v, ,H(bb) E
‘é [ (After selections + BDT) -
g N -
« B "CC-ee sim :
00— ¢ FCC-ce sin :
- SB fit :
- o : Property | Estimated precision
300}— background :
C my = 125 Gev bb - l’[}ZH 0.33%
C HVBF,WW X } + M
200__ Signal:  TEELLLLLE reC =mnnnnnn » MVBF,WW 1.4%
- HvBF.zz 3%
100— .
C . bb
Y e e e > 1% 1 %
o 50 100750 200 50 300 M 023%
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PRECISION ON ABSOLUTE COUPLINGS TO VECTOR BOSONS
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signal strengths — sensitivity to the

g F
Xy a4~ . FCGC-ee (240 + 365 GeV) .
8HXX = I
[ ¥ HL-LHC |
8 :_ ¥ FCC-ee + HL-LHC ‘
o — lo(statonly)
= |
SM 04+ I {
1 :
o
o
.
8HZZ SHWW
Collider *HL-LHC | FCC-ee (240 4 365 GeV) | Combined
Lumi (ab™1) 3 5240 B 1.5365
Years 10 3240 + 4365
0grzz/(grzz)sm (%) 1.5 0.16 0.16
dgaww /(gaww ) s () 3.7 0.69 0.68

* arXiv:1809.10041
arXiv:1902.00134

sensitivity to deviations in the

Ecole polytechnique -

IP Paris

arXiv:1403.7191

A. (TeV)

@ IP PARIS
couplings to bosons
= I HL-LHC
= I FCC-ee (240 + 365 GeV)
} l:| Combined
- 8Hzz SHww

— FCC-ee can probe NP up to
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PROBING THE TRILINEAR SELF-COUPLING @ FCC-ee

ECOLE
POLYTECHNIQUE

82 1P PARIS

FCC-ee cannot probe directly x; by HH — to single Higgs x-sections

Best sensitivity

J ' — 1 T ] '
0.02 :_\ ete" > ZH —:
0.015 F R
H C i
LT G '[0.01 F g
CH C ]
0.005 |- -
NLO corrections to the single Higgs * x-section 05 ]
1 1 I 1 1 1 1 l 1
ONLO = ZHGLo(l +’<,1@) 200 500 1000 3000
Vs [GeV] arXiv:1711.03978
1
Zy=————
1 - 5ZHK/12
~ — 0.00154

* No NLO corrections in decay considered here: small, linear and symmetric around SM value in k; for fermions (C](ff) =0) arXiv:1607.04251
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ONE-DIMENSIONAL EFT FIT TO 6k,
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to probe the frilinear self-coupling — 1D fit with 0K, floating

16
'i -------- 240 GeV Z(up)H
q 1
| +365 GeV VBF
1 12 +240 GeV Z(ee + bb)H
3 B y N
K=— = 5](2:]('/1—1 . FCCee+HLLl—10
SM . (statonly)
/13 10 y .
arXiv:1711.03978
8
. C,
VaR@) = Vg @+ @' | B
arXiv:1607.04251 4 6 st 1
J':“ Energy effect
4 /
V4 — 2
5k, = ——— — As ~ 1.1 TOV L
A% . mI%I 0 b, % (I IR RIS M SIRI ACYSN 1P I
4 6 8 l 10 126
K
arXiv:1905.07489 2 "
degeneracy due to ~ k;
+ HL-LHC (HH)
. . ope . o
Constraint by the on the Higgs trilinear self-coupling of @ 68% CL

The excluded at more then 56 adding different and
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A MORE GLOBAL VIEW ON K,
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More “realistic" scenarios — more scale factors k are left free in the fits

Vs (GeV) | Production | Z decay | H Decay | Couplings

240 ZH whtp - Kx, Kz
240 ZH bb - Kx, Kz
+,— . L % .
240 ZH ete bb Kx, K2, oy oli = H = f) )
365 ZH T - Kx, Kz ~2 ) ok + 2k, + (C, +20Zy)0k
e ; ; f 1 H)OK;,
365 WWF - b | R, fors R ool = H = f) ,.
365 77F - bb Kx, Kz, Rp
* K = Kp/Kp arXiv:1312.3322
oD K fi Sk, 2D « fit contour
4D « fit B FCC-ee (240 + 365 GeV)
[ R 0.02 . .
oour 0014 FCC-ee + HL-LHC e " \
“r -FCC'ee/FCC'“*HL'LHC -:li(cxc:::i HLLHG e -FCC-ee/FCC-ee+HL-LHC I Jrccees B 68% CL
o ’ el F 1ol oorak FCC-ee + HL-LHC N 05 CL
F -:l::gg:::iHL-LHC 0.01 __
b C * sM
0.008 0.0081° 0 :_
~0.01—
- ~0.02
| | ° o :IlllllllIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
. . » . B -5 -4 -3 -2 -1 0 1 2 3 4 5
7 _
A A w Z K 5,

— weaker constraint on k;: need to combine with HL-LHC for

— decrease the precision on
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precision

to variations in ; ( C; factor larger)
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CONCLUSIONS AND OUTLOOKS
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The Higgs Boson properties can be measured with

~ MeV precision on the Higgs Boson mass

ZH production x-section can measured in a model independent way with ~ 0.3 % precision

VBF production x-section and decay branching ratio to b quarks with percent level accuracy

More extended studies on the Higgs Boson decays are needed

Possibility to production and decay of the Higgs Boson

measurement of the absolute couplings to vector bosons with sub-percent accuracy
possible to probe NP up to Multi-TeV energy scale

Thank you for

measurement of the Higgs Boson width is needed to access absolute couplings in decay Jour atventionl

No need to reach HH production threshold to access k; : quantum

one-dimensional EFT fit: maximum sensitivity on k;, ~ 20 % (in production)

sensitivity on k; in the Higgs Boson decays can be included

a full global EFT analysis is needed to have a more robust estimate
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Backup
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RECOIL MASS TECHNIQUE

FCC-ee SIMULATION

DELPHES - IDEA detector

The Higgs Boson can be fagged

by a Z — ff without looking at
its decays

Event: 1, \/; =240 GeV | ete™ - ZH - putubb

Momentum conservation — Recoil mass

2 2
Mrec =S5+ Mff_ - 2Eff\/§

3 CC-ee simulation (IDEA - Delphes)

- Cleanest channel (no MVA): Z — utu~
Z—>putpT mEww

=z Two opposite sign muons with p;, > 20 GeV, p;, > 5 GeV

Events/(0.4)

and minimum | M+ ,- — Mz |

Cut on the invariant mass: 80 < M, +,- < 100 GeV

|IIII|IIII|IIIIIIIIIIIIIIIII

Cut on the recoil mass: 120 < M,,. < 150 GeV

70 80 90 100 110 120 130 140 150
Myec GeV)
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