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GOALS

o Study effects of New Physics parametrized by SM dimension-six
operators in eTe” — hh at future lepton colliders

e Perform sensitivity study for several benchmark values of energy
and integrated luminosity
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@ Tree-level and loop triangle diagrams

vanishing in the limit me — 0
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SM ete™ — hh

@ Loop box diagrams
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e With large luminosities expected at future ete™ colliders, a few
hundred events might be collected

@ Cross sections can be enhanced by contributions coming from physics
beyond the SM

ALBERTO TONERO (Carleton-U) 5/18



No signs of New Physics so far at LHC

Exotics Searches* - 95% CL Upper Exclusion Limits
2018

[Ldt=(32-79
1 Cy Jetsi ET™ [raim™] Limit
T T — T T T — T T
+gla Oep 1-4] Yes 361 [Mp 7.7 TeV n=2
:sonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZ
- 2j - 370 | Mu 89TeV n=6
I Xpr 2len 22j - 32 | My 8.2TeV n=6Mp
ultijet - >3] - 3.6 My, 9.55TeV n=6Mp
S>yy 2y - - 36.7 | Gkk mass 41 TeV k/Mp, =
« > WW/ZZ multi-channel 36.1 Ggk mass 2.3TeV k/Mps =1
K = tt leu >1b>1J2) Yes  36.1 8Kk Mmass 3.8TeV r/m = 15¢
P 1teu =22b23j Yes 36.1 KK mass 1.8 TeV Tier (1.1), !

LHC results point to a new physics scale A = 1 TeV
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Standard Model EFT

o If new particles lie at a scale A > v, E their effects at low energies
are best parametrized by an effective Lagrangian L.gq (SMEFT)
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59 dimension-6 operators [ W. Buchmuller and D. Wyler, Nucl. Phys. B268
(1986) 621-653; B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek, JHEP
10 (2010) 085 ]
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SMEFT contributions to ete™ — hh

@ In principle, all dimension-six operators relevant for Higgs/electron
interactions should be considered

@ Several of these operators (ones that modify eeZ, evW, hZZ and
hWW) already (strongly) constrained from other observables at
LHC/LEP and we set them to zero

@ We are left with two classes of operators: ones that induce an
effective eéehh and éett couplings
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@ Just two EFT operators contribute (currently unconstrained)

2

Ce. v -
;; (ol — E)ZLgpeR + h.c.

A2 el]lLeRthR + h.c.
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Sensitivity study: expected bounds

e We compute o(ete™ — hh) as function of (5%

1 f\% 1 \/g)
@ Chi-squared

e Ca o [0(58, % 5) — osu(v3)]
X2_X2(A7§7ﬁ7\/§)_ 5

e Uncertainty §0? = §o2,, + 602 (o =0.1)

sys

00stat = V USM/L 5Usys = Q0sMm

@ To consider Higgs decays rescale o by

k=BR(h — fifi) x BR(h — fafo)

ALBERTO TONERO (Carleton-U) 10 / 18



Te~ colliders

Future e

l Exp [ Vs (GeV) [ L (ab 1) [ |ce¢,/A2\(TeV_2) [ [cet /AZ](TeV—?) ‘
1 FCC-ee 350 26 <0.003 (0.004) < 1.020 (1.280)
2 CLIC 380 05 <0.004 (0.006) <0.352 (0.453)
31LC 500 7 <0.003 (0.004) <0.083 (0.101)
4 CLIC 1500 15 <0.003 (0.003) <0.027 (0.035)
5 CLIC 3000 3.0 <0.002 (0.002) <0.012 (0.015)
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Results: expectd 95% CL bounds (k = 1)
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Conclusions

@ Double Higgs production at future ete™ colliders is sensitive to
dimension-6 operators not yet constrained

@ The small SM cross section and the clean environment makes this
process an ideal laboratory for NP studies

e We derived 95% bounds on ¢, and c; considering several
benchmarks for these future colliders

@ Bounds on ¢, typically probes scales of O(10 TeV) while the c¢
operator probes scales of O(1 TeV)

@ Searches for ete™ — hh should be pursued in addition to the more
traditional single and double Higgs production
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Thank you
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BACK UP
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Electron mass and coupling to Higgs

e Physical electron mass in MS

% 6 Cet ( ,LL2 >
Me = Ye—= + 1+ log —
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o Higgs-electron coupling
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Single Higgs production cross section at
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Dimension 6 operators

1: X% 2: HS 3: HD? 5:92H% + he.
Qc | F459GMGBeGSH  Qy | ('HY  Quo (H'H)Q(H'H) qu}(H'H)(l}a,H)
Qz | rABCGMGEoGEH Qup | (H'D,H)" (H'D,H) Quu | (H'H)(GyuH)
Qu | Ewiw W KR Qan | (H'H)(gpdH)

. LK lvy JewKu
Qg | KWW WA

4: X2H? 6:92XH+he. 7:¥*H*D
Que | H'HGAG*™ Qew | (o e)r' HW], Q4 (HYD H) (Gy1,)
Quz | HIHGH G Q.p | (I0*“e)HB,, Q% (Hf;‘E’LH)(I,r' Al
Quw | HHHWLW™  Qu | (o TAu,)HGS, Qe (HYD H) (erer)
Qui | HHHWLWS  Quw | (Go* u)r'HW], Qo (HYD W) @7ar)
Qus | H'HB,,B» Que | (0" u,)H By, Qi (HYBLH) 7 var)
Qus | H'HBWB*  Quc | (G0"TAd)HG, Quu (YD H) @y ur)
Quws | HTTHWL,B  Quw | (go*d,)r' HW], Qna (H'iD , H)(@,7d,)
Quiws | HWHWLBY  Qus | (0™ d)H B, Qutea + hc. | (DL H) (Gryidy)
8:(LL)(LL) 8: (RR)(RR) 8: (LL)(RR)
Qu | Gnd)@r) Qe | (Epmer) Ere) Que (o) Er¥ed)
Q| @wme)@ra)  Quu | (Epveu)Eatu) Qu | Goule)@nru)
Q7 | Gwr'a) @ ') Qaa | (dpyuds)(diyde) Qu (pale)(dayde)
Q) | Gowl)@rva) Qe | (Ewer) (@ u) Qe | @wmar)Erer)
o | G l)@r r'e) Qe | (Ewer)dar d) W | @mer) )
QW | v de) 0 | @uTAe) (@ TAu)

Q) | @wTAur) o TAd) QW | @ar)(derde)
Q4 | @wT4a)dr TAde)

8: (LR)(RL) +he. 8: (LR)(LR) + hec.




