


Open questions in the SM (1)

L= —1BWB»““ - ltr(W#uW“"”) - %tr(GMGW) [Gauge interactions: U(1),, SU(2),, SU(3) ]

4 8
+(Pr, 81)6#iD, (:i) + ego*iD,er + vpo*iDywr + (he)  [Lepton dynamics]
: = —
‘% { (P, er) oM® eR+eRM"¢’>( L)] —%— [(—EL,EL)qb*M”uR + Fp MY ( yif’) [Lepton masses]

+(tig,dz) 6*iD, (zi ) +#go*iDyug + dro*iD,dg + (he)  [Quark dynamics]

5 - - = -
f { fir,dr) 6M%dp + dp M2 (ui )] { {(—dL,ﬁL)¢*WuR+ﬂRW¢T ( u?) Quark masses]
+{D.d)D ¢ — mi b — v¥/2)%20*.  [Higgs dynamics & mass]

X Light masses: Higgs Yukawa mechanism for lightest fermions (g,e,v's) unproven
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Open questions in the SM (2)

c = -1p,B* — L(w,, W) - %tr(G,wG“”) [Gauge interactions: U(1),, SU(2),, SU(3) ]

4 8
+(vr,ep)6%iD, (:i ) + egro*iD,er + vro*iD,vg + (he)  [Lepton dynamics]
V2

uL)] V2

- {(FL; er) oM er + eRM*$ (EL — [(_EL, L) ¢ MYvg + ppMY¢" (;‘i’[‘ )] [Lepton masses]

+(tig,dz) 6*iD, UL + #potiDyug + dro*iD,dr + (he) [Quark dynamics
dr y

’? {(EL’JL)""’M%R +dpM%¢ (gi )]—? {(_JL;’EL)‘;’*WHR + ap¢T (;‘i‘z )] [Quark masses]

+(Dp¢)D“¢>€mi[f5¢—vﬂﬂ]ﬂ;’?vﬂ) [Higgs dynamics & mass]

X Light masses: Higgs Yukawa mechanism for lightest fermions (g,e,v's) unproven
X Higgs potential: Higgs trilinear & quartic self-couplings unknown
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Open questions Iin the SM (3)

L= —18#,,8“'“ - l1&.»«(‘5.?!.?,!_“1W‘“‘) - %tr(G,wG“”) [Gauge interactions: U(1),, SU(2),, SU(3) ]

4 8
+(vr,ep)6%iD, (:i ) + egro*iD,er + vro*iD,vg + (he)  [Lepton dynamics]
V2

uL)] V2

- {(FL; er) oM er + eRM*$ (EL — [(_EL, L) ¢ MYvg + ppMY¢" (;‘i’[‘ )] [Lepton masses]

+(tig,dz) 6*iD, UL + #potiDyug + dro*iD,dr + (he) [Quark dynamics
dr y

’? {(EL’JL)""’M%R +dpM%¢ (gi )]—? {(_JL;’EL)‘;’*WHR + ap¢T (;‘i‘z )] [Quark masses]

+(Dp¢)D“¢€mi[45¢>—vﬂﬁ]ﬂmvﬂ) [Higgs dyn. & mass] G new particles/symmetries ? )

X Light masses: Higgs Yukawa mechanism for lightest fermions (g,e,v's) unproven
X Higgs potential: Higgs trilinear & quartic self-couplings unknown
X Fine-tuning: Higgs mass virtual corrections «untamed» up to Planck scale
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Open questions in the SM (4)

L= —}IBMB“” - %tf'(WMW“"”) - %tr(GMGW) [Gauge interactions: U(1),, SU(2),, SU(3) ]

+(71,81) 6*iD,, (:i ) + ego*iD,er + vpo*iDywr + (he)  [Lepton dynamics]

-— {(FL; er) ¢M er + erM (:ﬁ )] —? [(_EL, L) ¢*MYvg + ppMY " (;‘i’[‘ )] [Lepton masses]

+(tig,dz) 6*iD, UL + #potiDyug + dro*iD,dr + (he) [Quark dynamics
dr y

’? {(EL’JL)""’M%R +dpM%¢ (gi )]—? {(_JL;’EL)‘;’*WHR + ap¢T (;‘i‘z )] [Quark masses]

+(D ) D* ¢ — mi[de — v¥/2Y2*.  [Higgs dyn. & mass] G new particles/symmetries ? )

X Light masses: Higgs Yukawa mechanism for lightest fermions (g,e,v's) unproven
X Higgs potential: Higgs trilinear & quartic self-couplings unknown
X
X

Fine-tuning: Higgs mass virtual corrections «untamed» up to Planck scale
Dark matter: SM describes only 4% of Universe (visible fermions+bosons):
Higgs should couple to any massive dark world.
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Open questions in the SM

L= —}IBMB“” - %tf'(WMW“"”) - %tr(GMGW) [Gauge interactions: U(1),, SU(2),, SU(3) ]

+(71,81) 6*iD,, (: i ) + égo*iD,en + pro*iD,vr + (he.)  [Lepton dynamics]

-— {(FL; er) ¢M er + erM (:ﬁ )] —? [(_EL, L) ¢*MYvg + ppMY " (;‘i’[‘ )] [Lepton masses]

+(tig,dz) 6*iD, (zi ) +#go*iDyug + dro*iD,dg + (he)  [Quark dynamics]
2 - - 2 - _ -
—%— {('ﬁL:dL)ﬁf’MddR + dpM?$ (Ei )]—% {(_dL:ﬁL)¢*qu+ apM' ¢’ ( u‘iL )] [Quark masses]

+(D,6) D¢ — mypd - v¥/2)/20*.  [Higgs dyn. & mass] + new particles/symmetries ?

X Light masses: Higgs Yukawa mechanism for lightest fermions (g,e,v's) unproven
X Higgs potential: Higgs trilinear & quartic self-couplings unknown
X
X

Fine-tuning: Higgs mass virtual corrections «untamed» up to Planck scale
Dark matter: SM describes only 4% of Universe (visible fermions+bosons)
Higgs should couple to any massive dark world.

Some/Most(!?) of these questions will not be fully answered at the LHC!
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CERN Future Circular Collider (FCC) project

m Solving those+others HEP fundamental problems requires new e*e & pp collider:

\ -'c'c BYG rmOJdEF‘fJ J/ REXGEUNTER

< . T '.:-.—_"- i __'2. o — — ~ "~ ) pa

- - For2|Ps
m FCC: 100 km ring, Nb_Sn 16-T magnets, g : IZ;:oI; 'wlwl 'HZ' % | 'TO; |
LHC used as injector: 2 N % o
o
e pp at Vs=100 TeV, L~2x10%, L _=2 ab'/yrg | %
(also pPb, PbPb at Vs=39-63 TeV) 3 ool % N
i 0.2ab'at 1
e e'e before pp at Vs=90-350 GeV % 360 GeV
L ~ 7 ab? Higgs factory 50|~ % 65 Gev |
~1.3 million Higgs in 3+5 years. %/
Plus 10** Zs(!), 10° Ws(!), 0.5-10° tops % 12 78 9//10 111213 1415

Years
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FCC-ee = Higgs boson factory

m Higgs cross sections: o(e'e—H+X) =~ 200 (HZ)+ 50 (VBF) fb

L el & very woll conroiod IR C e
— Small & very well controlled

backgrounds (S/B~102-107%)  #Higgs from Hz 1,000,000 200,000
— Extra-clean environment # Higgs from VBF 25,000 50,000

w/o pileup:

) i Unpolarized cross sections — S

= H P : : : —e'e’ — HZ

S ABOpr R e e — HZ,Z v [
3 — WW — H

2 200 : ? —ZZ - H

£ : : :

100

50

IIIIIIIIIIIIIIEIIII|IIII|II

—_——
800 220 240 260 280 300 320 340

360
Vs (GeV)

(sensitivity to self-coupling)

+ +
\\i\ |\~A
€ h c h

m Access to precise (down to 0.15%) Higgs couplings & rare & BSM decays
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Open SM issue (1): Generation of lightest

fermion (e*, v's) masses

m LHC can only access 3" (plus few 2") gen.Yukawas. What about the rest?

-1 — Observed pe _;

_ ATLAS and CMS t
= LHC Run 1 Preliminary

E o SM Higgs boson R

107! 1 10 102
Particle mass [GeV]

< ep
> !> 1
= _
= 10
=5 E[>
o TR
o 102
107
L 4
0
o’ -
&
L 4
et -’
’é
2-10°
5.10*
<10 12 \\
DIRAC L UL
<3.1010
A L
YD g-e-ee- 2\ Vr §--=---9Q
1 (") , (7
Vr vy,
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X=W.Zb,g

b

X=W.2b,g

How do electron, neutrino(s)

get their masses?
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A ]
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e Yukawa via s-channel e’e: —» H production

®m Higgs decay to e*e  is unobservable: BR(H—e*e) ~ 5-10°
B Resonant Higgs production considered so far only for muon collider:
o(uu—H) ~ 70 pb. Tiny g_, Yukawa coupling = Tiny o(ee—H):
AnT%, Br(H — ete™)
(3 — M2%)° +T2,M2,

olet e — H) = = 1.64 fb = 290 ab [ISR+dVs~TI",=4.2 MeV]

1.6 =[S Jadacn, R Kyci 8o | (a): with ISR ® Preliminary study for 10 decay modes
‘4 :_ arXiv:1509.02406 (2): 8/s = 4 MeV . ol 5 8
4 (3): 8 = 8 MeV with huge Z*/+* backgrounds (x10°-10
12— .

. F larger than signal, before cuts):

g 1F

® o8 wzgy [ o W.Zy

© C H z .y
06~ > """ < >__< - WZy
0.2 = 7 o cb, v o gcb, T
oF . - Wz

125.08 125.085 125.09 125.095 1251 \,g e o

®m Most significant channel H - WW* - |vjj:

E,,<5245Gev <« Kilse'e—qq

M, > 12 GeVic? « Kills e'e—qg qq: o= 22pb = ofafter)=4ab For L =10 ab
Elepmn > 10 GeV « Kills ete—qq . — =92 int
MES20Gev  « Kils e'emad . %I pb = ofaften=26ab | o 5 80127000 ~ 0.5
M <3GeVi o Kills e'erer ; o= 16.3fb = o(after)=2.7fb Sianif =
mE . ' . _ _ ignificance =~ 0.5
BDT MVA « Kills e*e—WW?* continuum HWW?*): o= 23ab = o(after)=8ab

(exploits opposite W* polarizations in H decay)
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e* Yukawa coupling at FCC-ee(125)

B Counting experiment combining signal+backgds in 10 Higgs decay channels:

—~ 30 —5
E M Significance. e H, /s =125 GeV @ Monochromatization working points:
g S<fto dvs=6 MeV, L_= 3 ab? (baseline)
510 dvs= 10 MeV, L_ =7 ab* (optimized)
@ > 30 evidence of ee -~ H would require
3 4 exps. running ~2 years at Higgs pole
2

(Ongoing analysis improvements:
See poster by A.Poldaru, Fri 31st July)

—t

Upper Limits / Precision on K,

PRELIMINARY

Ke
TT

0.5 3 4567 10 20 30 100 200 ° 10° L
[D.d'E. arXiv:1701.02663] Lint (ab7) =
_— .. 102
B Preliminary upper limits on
e-Yukawa «_coupling at SM-level: 1o

Standard Model

Limits on k_are X100 (X30) better 1
than at HL-LHC (FCC-hh).

T TTTI I IIHHIl I IIHIIII

CMS
Run1

ATLAS
Run2
HL-LHC
FCC-hh
FCC-ee
21P, 1yr
FCC-ee |
4 1P, 3yr

10

IIIIM
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https://indico.cern.ch/event/868940/contributions/3813581/

Higgs coupling to neutrinos

m Low-mass seesaw scenario with sterile v (N,) that mix with the SM v
with O(1) Yukawa couplings & EW-scale masses.

m N decay to Higgs+v. EXp. signature: mono-Higgs(jj+ME).

v pp: flavii, €QV£§€E, (L wVV
—/9.9, 0.,0: ete ,e"p: Yvjj, vaffﬁ*, YvVV -3
N N 10
SOk ete ,pp: vvjj, wxffff-gt, vvVV
¢ v 107°
§ W v o FCC-ep
/ o -7
4 10
¢ FCC-pp
N AN
“h i
¢ v 1079F
7 FCC-
N v 1 0-11 L . | ee | | _
8 10 50 100 500 1000
et v h M [GeV]

(A|SO via invisible H - Ni\/ decays for mN<mH) [Antusch, Cazzato, Fischer, [JIMPA 32 (2017)1750078]

m With Z (EWPO), sensitivity down to active-sterile mix |8/>~10~** for m >10 GeV
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Open SM issue (2): Higgs self-coupling

m Higgs trilinear indirectly constrained through loop corrections to a(H+Z2):
2 -

+ 2 Re

f

.
6240 =100 (267 + 0.0146,) %

[M. McCullough, 2014]

Self-coupling correction o, : energy-dependent FOC-se, from EFT globa f

0. energy-independent (distinguishable). S —  5/abat 240 GeV |
002 L — +0.2/ab at 350 GeV |
— +1.5/ab at 365 GeV |

----- 350 GeV alone 1
365 GeV alone 1

m Small effect, but visible thanks to 0.01E N
excellent (0.4%) precision on o,,, o N\

coupling reachable at FCC-ee. g o000

: — - _ 001 X NG
m Indirect limits on trilinear A coupling at :

~20% level combining 240+350GeV _0.02-

[Blondel & Janot, arXiv:1809.10041] 0K
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Open issue in the SM (3):

Hierarchy/Naturalness
(BSM scalar-coupled physics)

m Solved via many BSM realizations: SUSY, composite-H, little-H,...

m Parametrize (B)SM as an Effective Theory:
Leg = ZL ﬁﬁd = Lsm + %ﬁ5 + %Eﬁ—l—“'

m Indirect (loop) constraints on new physics coupled to Higgs:

A Z (1TeV)/\/(08uxx /85N ) /5%
~5% deviations of Higgs couplings w.r.t. SM = A >1 TeV

~0.1% Higgs couplings precision (~10° Higgs) = A>7 TeV
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Precision H couplings, width, mass

m Recoil method in H-Z(1l) unique to lepton collider:
reconstruct H 4-mom. independent of H decay mode.
m High-precision (0.4%) o, provides model-independent

. . - - H
g, coupling: o(ee - ZH) « g%, with £0.2% uncert. ©
mrecoll (\/_ Eff) _pff
X10° (Z2NwihHoth ) CMS Simulati
S 50" ma 0 cwb ] 3% ——— HonwhZo @] oo mn
© I:Iz: 5 ab™ 18 amp - FCC-ee mn.tmar | 37 — FCC-ge ™" ™™
T 4F Cww 085% o & e [Eum S e
o [ On (2.7% @ 500 fb-1) ] @ 380F | ™ 500 | o
W 3of ] 300E W eof Lo aoer
- /—ee, Yy : 3
C ] 200F
202_ - B 1592
10:_ 1 100;
B . 50;
50 60 70 80 901001‘:01é0 1‘_1;01:10150 : . 130 140 150
my (GeV) Higgs mass (GeV) Higgs mass (GeV)

m Total width (I ) with ~1% precision by combining o(ZH) and BR(H - ZZ2):
4
olee — ZH)BR(H — Z27) gHFZZ =T

2 2
m Rest of Yukawa from other decays: o(ce — ZH)BR(H — X X) o gHZZ[?HXX = Py
m Higgs mass (dm, = 5-8 MeV) from recoil mass in Z - uu,ee
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Precision of Higgs couplings

m FCC-ee provides x2-20 improvement in couplings uncertainties

w.r.t. (model-dependent) HL-LHC expectations (2-5%):

Collider HL-LHC ILC25[] CLIC33[} CEPCQcm FCC—EE24D_,,355
Lumi (ab™") 3 2 1 5.6 5-+02+15
Years 11.5° 8 7 3+14+4
guzz (%) 1.5/36 | 029 /047 | 044/ 0.66 | 018 / 0.52 | 0.17 / 0.26
gaww (%) 1.7/32 | 1.1/048 | 0.75/0.65 | 095/051 | 0.41 / 0.27
gubb (%) 37/51 | 12/08 | 1.2/1.0 | 092/067 | 0.64/ 0.56
gHee (70) SM/SM | 20/18 4.1 / 4.0 2.0/ 19 1.3 /1.3
9Hgg (70) 2.5/22 | 14/11 1.5/13 | 1.1/079 | 0.89 / 0.82
garr (%) 19/35 | 1.1/08 | 1.4/13 | 1.0/0.70 | 0.66 / 0.57
tup (%) 43/55 | 42/41 44 /43 39/38 3.9 /3.8
gy (70) 1.8/37 | 13/13 1.5/ 1.4 1.2 /1.2 1.2 /1.2
guzy (%) 11. /11. | 11. /10. 11. / 9.8 6.3 /6.3 10. / 9.4
guws (%) 34/29 | 27/26 2.7/ 2.7 2.6 / 2.6 2.6 / 2.6
guuH (/) 50. / 52. | 28. /49. 45. / 50. 17. / 49. 19. / 34.
'y (%) SM 2.4 2.6 1.9 1.2
BRinv (%) 1.9 0.26 0.63 0.27 0.19
BRexo (%) || SM (0.0) 1.8 2.7 1.1 1.0

m Most precise g,, ~0.17% coupling sets limit on new scalar-coupled
physics at: A 2 (1 TeV)/\/(0guxx /85N, )/5% > 6 TeV
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Precision H properties: Generic BSM bounds

m FCC-ee Higgs measurements greatly

Improve scalar-coupled BSM reach. ® From H+EWPO combined:

- . 100+ Individual Marginalised |4
® NP bounds from FCC-ee Higgs: m—Lc250 e
= A >100 TeV
8F Individual I Marginalised | g 60
7||E== nc250 A > 6 TeV 3 I1L.C250 || —
SN FCC-ee BN FCC-ee Lo
~. 40
6 -~
%‘) 3 20
=
Eh II:I M
i 3 cw +c¢p  er —“3"
2 """EE%%%%%sssss%%%%ssssss “““
1
0—== s gl L i g b

Cyy CHW Cup Caw

[J.Ellis and T.You, arXiv:1510:04561]

“““ mi

il il

OH OHWOHB OHWBOHQO OGJOGJO Olgi OHf;'J 0 Q OH O,L, %{ C},

TTTT]TTTT \II\]\II\|I\H|I\II{IIII{IIH|II\II\III

[DeBlas et al.
arXiv:1608.01509]
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Dark matter
(Higgs-portal)

Open issue in the SM (4):

Gluon-fusion

g 9

ICHEP'20, Prague/Virtual, July'20

E‘ _lll T T |IIT11| T LTITI'I' T T TII'|'I1'|' T T T ||IT'|'_
ATLAS Preliming
= 0% B, <0.11 o ? —
5] B o =13 TeV, 139 fb 7
g | All limits at 90% CL ! _
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% 10—41 | Higgs Portal Other experimenis_
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[B(H—inv) > 11% today]
[B(H—inv) > 2% for HL-LHC]
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Limits on invisible Higgs decays

m Invisible branching ratio: e*e —» ZH, Z - /*['/bb, H - invisible.

Perform S+B fit to missing mass (m

| Invisible Higgs with Zto I4]- |

recoil

CMS Simulation

F [— signal

- —
- — Ty

BRinv:1 00%

gz .
ﬁg — PP

:¢¢§§\ﬂ?m R

_ ,,_;vzvmm.&&& S

0 60 TO 80 90 100 110 120 130 140

LEP3, 500 fh, {sa240 GeV

150
Higgs mass (GeV)

) distribution:

Invigible Higgs with Zto bh |

I
3
1<)
]
E
i}

800
T0O[

600

500

400

300

200

100

CMS Simulation

S0

e ol ‘;‘“;é

"’a’
R
,ﬁﬁ‘&“@% el

e
60 70 B0 90 100

LEP3, B0 b, {sa2dd GV

00 110 120 130 140 150
Higgs mass (GeV)

m Limits in branching ratio to invisible down to ~0.2% @ 95% CL.
Also 1% limits on "exotic" BRs (final states that cannot be tagged as SM decays)

Collider HL-LHC ILCas0 CLIC3s0 CEPCsy4 | FCC-eea40_365
Lumi (ab™") 3 2 1 5.6 5+02+ 1.5
Years 11.5° 8 7 3+1+4
BRinv (%) 1.9 0.26 0.63 0.27 0.19
BRexo (%) M (0.0) 1.8 2.7 1.1 1.0
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Dark Matter (m_ <m /2) via H decays

m DM freeze-out fixes ov = 3-107*°cm?/s. If m, is just below m, /2,
DM freeze-out dominated by resonant Z,H exchange, fixing ', ,..

Invisible BR suggested by DM thermal relic abundance

; Experimental bounds %
% C ]
o 107! E Estimated - =
‘g E FCC-ee %, 3
a sensitivity 0‘3@\\? s
E 10 ; N ;
= = S \ .
2 10—3 : ‘é\\ :
2107 E
g F FCC-ee h - DM DM - :
8 5, i
% 1074 § \\/ §
o L i
Q05 = Z - DM DM 3
u \ \ [De Slmone et aI arX|v 1402 6287] ]
1 -6
0 55 60
DM mass in GeV

m Precision (<10 and <10?) measurements of invisible Z & H widths are
best collider option to test any m,, <m, /2 that couples via SM mediators.
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Summary

m FCC provides unparalleled luminosities (~10 ab™) in e*e at c.m. energy

125-350 GeV for ultra-precise Higgs studies (down to ~0.15% uncert.):
m Testing SM (glst_gen,gk) & constraining scalar-coupled BSM up to multi-TeV:

N %x10°% Collider HL-LHC | ILCas CLIC3s0 | CEPCaag | FCC-ee24p-s365
e_ YukaWa > 5[)_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ Lumi(ab_l) 3 2 1 56 5+0.2+1-5
8 C .ZH 1 1 Years 11.5° 8 7 3+1+4
o N ~ Oz 5ab i am—a 15/36 | 029 /047 | 0.44/066 | 018/ 052 | 0.17 / 0.26
Upper Limits / Precision on K, =X - 0 85(y 1 gaww (%) 1.7/32 | 1.1/048 | 0.5 /065 | 095/ 051 | 0.41 /0.27
2 F %-’ 401~ DWW - 0 1 gme ((g,)) 3.7/51 | 1.2/083 | 1.2/10 |092/067 | 0.64 /0.56
- C 1 g8ec (% SM/SM | 20/18 | 41/40 | 20/19 1.3 /1.3
10° ‘ g C " (2'7% @ 500 fb'l) 1 g (%) 2.5 ? 22 | 14/11 15/13 | 1.1/079 | 0.89 5 0.82
E ? W 30 -1  gu- (%) 19/35 | 1.1/08 | 14/13 | 1.0/07 | 0.66 / 0.57
- % - /—ee, Y 1 gmu (%) 43755 | 42/41 | 44/43 | 39/38 3.9 /3.8
102 HHMP!ML - 1 guyy (%) 18/37 | 13/13 | 15/14 | 12/12 1.2 / 1.2
g mmimm o0k d  guzy (%) 11. /11. | 11./10. | 11. /98 | 63/6.3 10. / 9.4
i F 1 guu (%) 34/29 | 27/26 2.7/ 27 26/ 26 2.6 /2.6
i C 1 guus %) 50. / 52. | 28. /49. | 4. /50. | 17./49. 19. / 34.
i 3 1 Tu (%) SM 24 2.6 1.9 1.2
1L Standard Model { ; 10 __ __ BRiny (%) 19 0.26 0.63 0.27 0.19
b e . i o ol i St 1 BRexo (%) [ SM (0.0) 1.8 2.7 1.1 1.0
I =g <5 I < e o3 L 2 L : . 1
el fe el B 3 3 3o 3o s e —
107 g 3i = i e s 50 60 70 80 90 100110120130140150 X2 20 maore preCISe Coup“ngs
my (GeV)  than HL-LHC
. | . L
Self-coupling Sterile v's BSM limits (+EWPO)
Invisible BR suggested by DM thermal relic abundance — 50—
FCC-ee, from EFT g|0b6| fit T T ST T A e S MRS NN T - IE Experimental bounds H EHL-LHC
‘ " sjabat240GeV' - I FOCee
0.02} — +0.2/ab at 350 GeV ] Estimated mILC
e (e — +15/ab at 365 GeV mee N N NN S B e
""" L ----- 350 GeV alone P
fonee LI T oo 365 GeV alone semsitivity N N &\ 1 BRI sk i P i
0.01} e BB
N
8 0.00¢ h-DMDM
-0.01f
- | DM limits | w
-6 1 | | 1 1
) s 0 5 7} 10 50 100 5?\;1 [1;03] . © e e @ % %% %% % 0702 % 992 % G % % % 9
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Most significant channel: ee- - H(WW?*) — Ivjj

B Final state (retains 80% of o(WW?*(Ivjj)) = 28 ab):
1 isolated e,u,t(e),t(u) + ME>2 GeV + 2 jets (excl.)

B Analysis cuts:

v E,,<5245GeV <
4 M, > 12 GeV/c?2 « Kills e'e—qqQq B
Y Eppon> 10 GV Kills e*e'—>q§| E
v ME > 20 GeV — Kills e*e'—qq g
v'm, <3GeVic? « Kills ete—1t £

v BDT MVA « Kills etfe—=WW?* continuum

(exploits opposite W* polarizations in H decay)

B Signal & backgrounds before/after cuts:

qq: o= 22pb = o(after) =4 ab

T T o= 1lpb = o(after)=2.6ab
WW*: o= 16.3fb= o(after) =2.7 fb
HWW*):. o= 23ab = o(after) =8 ab

ICHEP'20, Prague/Virtual, July'20 23/21

- + _ -
Kills e*e—qq

————Signal purity
----- Signal efficiency*purity

Signal efficiency

Background efficiency

1
i
o

Significance

-
T T

Ll
i
O

o
=]
T
I
o
E-9

o
(=]
T T
o
1]

S

=

T 1
L Ll
=

N

o

]
L

o

-

11
o

(=]
T

Cut value applied on BDT output

For L =10 ab™

S/VB =80/v/27000 ~ 0.5
Significance ~ 0.5
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1% -generation quark Yukawa couplings

m 1% & 2" gen. quark Yukawa accessible via exclusive H-Vy , V=p,w,d

Bound [G. Perez et al, arXiv:1505.06689]
vector Mode Branching Fraction [1079]

meson Method | LCDALO[170]  LCDANLO[173]

B Br(H — p'7) 190+15 16.8 +0.8

u,d,s Br(H - wy) | 1.60£0.17 1.48 +0.08

E Br(H = ¢v) | 3.00+0.13 2.31+0.11

Interferes with:  h AN
(indirect) 9

m H—pGu)y channel most promising‘: N~40 counts expected, low backgds

m Sensitivity to u/d quark  BRapy _ £y [(1.9+ 0.16)xy — 0.24R, — 0.12Rd] o
Yukawa couplings: BR, .5 0.57R?

(K=Y Y,
m All channels also accessible with higher stats at FCC-pp, but
much worse backgrounds (QCD and pileup).
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Higgs self-coupling through o(HZ)

FCC-ee + HL-LHC

10 - - —— - - .y - .
o HL-LHC +240GeV(E/ab)+ 350GV E/eb m Addition of FCC-ee 240+350GeV Higgs
g |\l o cross section solves 2" minimum on A
| from HL-LHC data alone.
3
4 e aa 68%.95%CI‘_ bounds, lepton collider only
BN 58%,95%CL bounds, combined with HL-LHC
2t “e3 e B8% 01 bounds (combined with HL-LHC)
HL-LHC ] 14TeV/(3/ab), rates & distributions
0 .
8
CEPC|5: 1t01240GeV/(5/ab) only (CEPC)
& 761240GeV/(5/ab)+350GeV/(200/fb)

FCC-ee| 77 31| 240GeV(5/ab)+350GeV/(1.5/ab) (FCC-ee)

ran1 FCC-ee with zero aTGCs

m Higgs self-coupling
constrained to within ILCes
~40%. Higher-energy |
e*e collisions required
to reduce it to ~20% cLic|

121250GeV/(2/ab) only

52 1250GeV(2/ab)+350GeV(200/fb)
117 |above + 500GeV(4/ab)
1 {above + 1TeV(2/ab)

571 350GeV(500/fb)+1.4TeV(1.5/ab)+3TeV(2/ab)
118l t Zhh at 1.4 TeV
05 |binned My, in vvhh (4 bins)
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Precision H properties: Concrete BSM bounds

m FCC-ee precision measurements greatly
improve scalar-coupled BSM limits. B Benchmark SUSY models

m 4D-Composite Higgs models: (CMSSM, NUHM1)

Best ‘Fit P.redig:tior!s

Correlated effect ON G2, & Gy B | ——
8 oa — i
O e MC FCC-
o = : ]
q i
oas R S
-0.1;“ h —gg} . !
i ® cmssm high
-0.15[ #  cmssm low
. @ nuhml high
N ® nuhml low
'0'3_ NS SRR R B P R R Bl LHC
-6.0o6 -0.05 -004 -003 -0.02 -0.01 0 0.01 B HL-LHC
ﬁgHZZIQHZZ Bl ILC
: - P [ FCC-ee
(All other couplings affected in a similar manner) 1 SM unc. Higgs WG
FCC-ee sensitivity on composite-scale Tl ciees e s 10 1S

g (BR-BRgy)/ BRor (%)
parameter: f > 4-5 TeV [arXiv:1308.6176]
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