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Standard Model Effective Field Theory

For heavy BSM physics at scale A, effects in low energy observables can be computed using
effective field theory techniques:

C.
L=Lsm+ :g:: 7(5—67; + ...
i
Systematically improvable, both in loops and powers of A

Comprehensive framework for constraining heavy BSM models with LHC and low-energy data

For precise constraints, need to go to higher loop orders

SM L SM — SM @ L SMm
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H — 4¢

Vs = 14 TeV, 3000 fb' per experiment

[ | Total ATLAS and CMS

H — 47 is one of the best measured decay modes! — Statistical HL-LHC Projection
—— Experimental
— Theory Uncertainty [%]
SM known to NLO EW [hep-ph/0604011], [1912.02010] Totstat Exp Th
BW —_.': 2.6 1.0 15 1.9
Most Higgs decays are known at one-loop in the B = 2enzts B
SMEFT, but H — 4f still missing B =
B E.] 29 1413 22
As precision improves, Higgs decays become sensitive to Beo = 44 15 13 40
loop effects g = 82 74 15 30

BZY _— ‘19.1 143 3.2 122
0

Necessary ingredient for NLO accurate fits . : ‘ ‘ ,
0.05 0.1 0.15 0.2 0.25

Expected relative uncertainty

HL-LHC working group [1902.00134]
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H — (70~ Z in the SMEFT

We have the complete one-loop calculation of H — ¢/~ Z in the SMEFT at dimension-6 with
fully general flavour structure

With the narrow width approximation, dominant contributions to H — 4¢

At LO ~ 10 operators contribute, with new kinematic dependence

L4 O¢B = gﬁT(/ﬁBw,B“V Vas

. o+
* Oy = (¢'¢)(¢79) Z* [y
* Oyp = |¢TDFg|? H------ H---- -
* Oge = (811 D u)(Er""er) z /
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How good is the narrow width approximation?
LO I?—»e*e’;ﬁ;lxi C,f,nvgI 1/A%, A = 1 TeVI

—— Hoeée'e Z, Z-pp

LO H-eteuu~, SM

H-etepy

—— Hoete Z, Zoptu
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Examples for the SM and an example EFT coefficient (Cpwi)

Other operators similar — quite good agreement for H — ete ptpu™

We don't have full NLO H — 4¢, but we do in the NWA!
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Going to NLO: real emission

Jr
At NLO, virtual photon contributions have soft and collinear ¢
divergences that cancel against H — ¢*{~ Z~ contributions
Treat with standard dipole subtraction techniques v

. H-----
Requires 4-body phase space!
-

For non-inclusive observables, logarithms ~ log Qz/ml? appear 4

— ete™ and puT ™ modes differ at NLO after experimental cuts
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NLO corrections are large

0.100F

B NLO
OLoO
0.0501 ]

Up to a 40% correction for some operators
at NLO

(Results shown with A =1 TeV, G =1)

0.010F ]

rMEFT rRYS [Tev/AT?

0.0051 7

G G G Cow Cews Culill Gyl CPLE) CRU - )
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Realistic experimental cuts

Becomes even larger (> 50%) with h m ” ”

realistic mgy > 12 GeV cut
M ¢t/ no cut

Significant differences for Cyp, Cyp,
Cw, Cswa

NLO/LO

Cyw switches sign!

) -1.0r W cte, me > 12 GeV
Now mildly flavour dependent: up to

~10% differences _1_5:,

Wt my, > 12 GeV

Gz G G Cow Cowg Cicliil CLid) CiPLE CSP L) o
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Differential distributions

Cow» 1A%, A =1 TeV

01—

Cywp, A%, A =1 TeV
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New operators at NLO

About ~ 70 new operators first enter at NLO in ~ 25 combinations

Of these, most are quite small. Notable exceptions:
_ - = _
® Top-quark operators: Og) = (v L)(Qv"Q), Ogy = (qui D ,9)(trY"tr), - .
® Higgs self-coupling: Oy = (pTg)3

® Anomalous triple gauge coupling: Ow = ek Wé” W e Wo;f“

Ceu[1133]

- ___@: _———

Cw
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Differential distributions

H-e'e Z, 1/A%, A =1 TeV

| — Cul1,1,3.9]
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Estimating the impact on constraints

Allowed Regions, 10% measurement, A= 1 TeV
Hezeeoto
Toy example: consider a 10% measurement of
H— 40

H- 7 ete (LO)
of
mH-> Zee,Z- ee (NLO)

Combine with known Z — ¢+¢~ at NLO in the 1t
SMEFT [1909.02000]

— Full H — 4¢ at NLO in NWA S o
Correlations change shape at NLO -1r
Proper constraints require NLO accurate —af

production modes as well in a general fit

-0.4 -0.2 0.0 0.2 0.4
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95% CL y? Fit, A= 1 TeV

. . . of"
Higgs self-coupling constraints depend on other Higes
operators = EWPO

m Higgs + EWPO

An example: Cg, doesn’t appear in the
production mode

Ceul1133]

Oeu[l 133] = (éR’yMeR)(fRV“ tR)

Production mode Cy4 dependence included

Would like to do this for all operators, but
need to know production mode dependence

-100 =50 0 50 100
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Conclusions

We have computed H — ¢/~ Z to full NLO in the SMEFT

® QOne of the last remaining H decays to one-loop accuracy

Several operators appearing at LO experience large corrections at NLO

® |n particular, C¢W, C¢B, C¢>WB: C¢D, C(;})

® Experimental cut of my > 12 GeV changes results significantly

Higgs self-coupling and anomalous top-quark couplings enter at NLO

® Extraction of Higgs trilinear depends on assumptions about other operators

Our calculation is one more step towards fully NLO accurate SMEFT fits
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Thank you!
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