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 EFT for Higgs pair production
* Tools for EFT HH

* Open qucstiows
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There exist two fundamentally different chotces for an EFT.

SMEFT

The Higgs boson transforms tn a SU(2) doublet. The Lagrangian contains all possible
operators allowed by the symmetries. Ordering by operator dimension and suppression

leading Higgs deviations for n=2.

Different cholees of operators connected by equations of motion. ,
ﬁc f P d 4 f SILH basts

warsaw basts

equivalent for Ht
HEFT (or Electroweak Chiral Lagrangian)

Higgs transforms as gawge singlet.

Based on chiral per’curba’ciow theory.

Ordering of operators not unicgue but for instance by chiral dimenston.



Nown-resonant H prooluctlow
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Nown-resonant H proolu.ctlow

SMEFT:
Z = CH,D(HTH) (H'H) + CHDDﬂ(HTH)Dﬂ(HTH)* n CH|H|6 o

CHG|H|2GWG/W + Cu0;Htx|H* +h.c. + C0.0,T°HRGS, +h.c.

warsaw basis
coefficients of O(1/A%)
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Effective Theory for Ht
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Effective Theory for Ht

e two Higgs couplings only to be probed in Ht
Z = itlc h C‘ﬁ s iy i -I-\C‘ i G*G.  + Chhhm_}%
—mytt| G ; + C1t ﬁ 7 g N g8 2 7% R
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HEFT SMEFT

NLO results in full top mass @ Combination with single Higgs fits

dependence available simpler
[Buchalla et al '1.8; Helnrich et al '20]

@ di-Higgs is THE place to
probe differences

Ln one or two Higgs
couplings

@ several couplings only tn
appearing H:
degeneracies?

UV models that don't
linearise to SMEFT?

Chromomagwnetic dipole operator: present in SMEFT at LO in
EFT but with power counting rules shoula be suppressed
ln HEFT appears at higher order tn EFT expansion



Ht production has large RCD corrections
COWLPLLcateol to compute due to va rlous mass scales.

Full top mass dependent computations for NLO QCP available nuwerically.

[Borowka et al. L&, Baglio et al. “19]

POWHEG implementation of HEFT HH @ NLO RCP avatlable.
[Buchalla et al "1&; Heinrich et al '20]

SMEFT @ Lo available in MGg5 MC@NLO,
SMEFT@ NLO only in heavy top mass limit [ Midhllettner, Spira, Streleher 151

HEFT @ NNLO Ln approximati\/e top mass dependence avatlable tn

[de Florian, Fabre, Hetnrich, Mazzitellt, Sey boz ‘217

[more Later on bg Ludovic]



Tools for HH production

Ht production has large RCD corrections

compLioated to compute due to va rlous mass scales.

Full top mass dependent computations for NLO RCD available nuwneerically.
[Borowka et al. 16, Baglio et al. 19]

POWHEG implementation of HEFT HH @ NLO @CP available.
[Buchalla et al "1g; Hetnrich et al '20]

[Buchalla et al 1.£]

2.4 1
Strong dependence on EFT coefficient!
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HEFT ILH ,
E ~ - U}Narsaw translation table holds at
Chhh —2°H M QW_iCH " SCH’k;n Lagranglan Level
Ct 1 — CTH —Cy | 1 +chpin — CuHﬁ
__CH +3Cu _C 3v3 ‘
Ctt 4 uH 5 — T CH kin
Cagh 12874¢, 8l ash*Cre
Cgghh 64#259 Al o v Cra

:

attention with Higgs gluon coupling and o



HEFT SILH Warsaw ,
. — 1 translation table holds at
Chhh — 5CH ¢ | 1— Qm—%CH + SCH kin Lagrangian Level
= _ 3
Ct 1 - —cy 1+0Hkm—CuH—fm
Ctt _% —CuH \/— T CH kin ,
5= 5 But on level of matrix
Cqgh 1287“¢, 81 /asv°Crg .
= 5 element squared non-trivial
Cgghh 64m-c, A1 [asv*Chg
modified benchmark point 1 at LO
1.0 - ~ [figure by Jannis Langl 4 sm
0.8 _ — + SMEFT Ospx sm + Ospt x aime
[ SMEFT  Oism + dim6) x (SM + dim6)

< 0.6 - - + SMEFT Oism +dimé) x (SM +dim6) + OsM x dim6?

(3 : + SMEFT  Oism + dim + dim6?) x (SM +dim6 + dim6?)

2 047 _— HEFT
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Open questiows

Uncertainties on the specific EFT polnt?

* SMsuffers from large uncertainties associated to the top quark mass
renormalization scheme [aglio et al. 19, Baglio et al. '20]

dependence on EFT coefficlents?
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Uncertainties on the speciﬁc EFT poiw’c?

* SMsuffers from large uncertainties associated to the top quark mass
remormalization schemee [eaglio et al. 19, Baglio et al. '20]

dependence on EFT coefficlents?

* ufthe BFT point leads to distributions (very) different from the SM ones:
what are the ervors on the bins (Ln dependence on the EF‘rpoLwt)?

0.2

[figure by C.Dimitriadi]
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Rewelghting

Scawns in EFT space with New Monte Carlo events for each EFT point?

n practise nwot achievable, too computing time tntensive!

Rewelghting!
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Scawns in EFT space with New Monte Carlo events for each EFT point?

n practise not achievable, too computing time tntensive!
Rewelghting!

[Buchalla et al 18] provides

o0 foei? = A + Ay e + Ascich,, + Ay nghcihh + A; nghh + Ag cycy + Az ¢ cnnn
+ Ag cuct chan + Ag CrCognChnh + Avo CreCognn + A1 Cf CaghChih + A12 Cf Cgghh
+ Ajs thihhcggh + Aja cehnnCoghn + Ais CoghChhhCoghh
+ A16 C?ngh + Al? CtCttCqgh + A18 thzghchhh + A19 CtCqyghCqgghh

2 2 3 2

A’s are nuwmerical coefficlents



Scawns in EFT space with New Monte Carlo events for each EFT point?

n practise not achievable, too computing time tntensive!

Rewelghting!
provioes
9] C;
Poly(c;) = HEFT(C)
Ospm

Ouerr(Cir Myy)
osp(Myy,)

Poly(c;,, my,;,) =

ntroduce a wetght w(c;) = Poly(c;, my,;) swchthat Opprr = w(c))ogy

sometimes better though to disentangle normalisation from shape (i.e. to account for
the “best” SM value)

wi(e) = Poly(c;, my;)
Frows " Poly(c)

or normalise reweighted distribution?



Conclustons

di-Higgs allows to probe various EFT operators

. can PotewtiaLLg distingutsh between SMEFT and HEFT

recommendations for H EFT necessary

VAarLous open guestions

discussions towards a recommendation wnderwa Y

together with
L.Alasfar, L. cadamuro, C. Dimitriadi, A. Ferrart, G.Helnrich, ). Lang, S. OrdeR, L. Sanchez Perez, L. Scey boz
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Thanks for Your attention!
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