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Higgs EFT interpretation in LHC

- No any BSM evidence in LHC (so far) from direct searches

- Effective Field Theory (EFT) can set model-independent constraint on BSM
physics and indirectly searches beyond LHC reach
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- LHC often uses SMEFT (Warsaw basis)
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Higgs EFT formalism
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| Assuming, A=1 TeV

- Only CP-even dim-6 operators
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- Describe 3™ generation from first two generations independently (Top flavor
symmetry scheme)
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- All lepton generations are modeled independently
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~50 related to Higgs measurements considered
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Higgs Combination and STXS

- How to constrain EFT parameters? What measurements are powerful?
= Simplified template cross-section (STXS)

Stage 1.2
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« STXS defines “bins” which are
sensitive to the physics

» Bin definitions are tunable to maximize
sensitivity based on the experimental
precision

* Minimize theory dependences

= STXS measurements are sensitive to

the EFT parameters
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Combined STXS measurement in LHC

ATLAS Run?2
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STXS measurements

- Decay branching ratios are also considered in Interpretation
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Modified basis with linear combinations

Not able to constrain all Wilson coefficients in current sensitivity

=» Huge correlation among measurements

=> 19 parameters are reparametrized by the linear combinations
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Results

Only linear term
considered

No strong deviation from
SM (p-value 94.5%)

O(1 TeV)-O(10 TeV)
scale can be probed
in the current sensitivity 0 76V
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Linear vs Linear+Quad

- In general, linear+quad provides stronger constraint (dim8 terms are
|mportant) ATLAS Preliminary
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Constrain UV complete BSM models




EFT tO 2HDM constraints Phy. Rev. D 102, 055012 (2020)

S.Dawson, S.Homiller, & S.D. Lane

2023/12/20

- EFT measurement can be mapped to the UV-complete models

- SMEFT constraints are interpretated 2HDM using theory paper

SMEFT parameters Type | Type II Lepton-specific Flipped
s ~Y,cp-o/tanB  —Ycp_oftanB  -Yicp_o/tanB  —Y,cp_q/tan B
"ii# —chﬂ_a/tan,B Ypcp_qtanf —chﬁ_a/tan,B Ypcg_qtan B
% ~Yucp-o/tan B Ycp-otanp Yucp-qtanpf ~Yucp-a/tanp
"26;\'51'33 —YTcﬂ_a/tanﬂ —Y:cp_qtanp Yrcg_otanf _YTCB—a/tanﬂ
yin GaMA/V G MAV GG MEV G MGV
- A>» vin EFT = cos(B-a) = 0 (valid near alignment limit)  am;
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- Constrain in tanf3 vs cos(-a)
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- use only single Higgs for ¢, constraint (no HH direct measurement included)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.055012

2HDM constraints

- Only linear expansion for EFT

ATLAS Preliminary
Vs =13TeV, 36.1 - 139 fb~!
mp =125.09 GeV

ATLAS Preliminary
Vs =13TeV, 139 b1
mp =125.09 GeV

[ EFT Obs. 95% CL
=== EFT Exp. 95% CL
T EFT Obs. 95% CL (with cy)
=== EFT Exp. 95% CL (with cy)
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~ SM-like coupling

0.4
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ATLAS-CONF-2023-052

ATLAS Preliminary

VS =13TeV, 36.1-139fb~!
mp =125.09 GeV
2HDM Type Flipped

ATLAS Preliminary

Vs =13TeV, 36.1 - 139 tb~!
mp = 125.09 GeV

2HDM Type Lepton-Specific

3 EFT Obs. 95% CL
--- EFT Exp. 95% CL
---SM-like coupling

10°

1071

0.4
cos(B —a)

- No surprise and large 2HDM parameter spaces are excluded

- Cy constraint is included in Type-I

[ EFT Obs. 95% CL
--- EFT Exp. 95% CL
---SM-like coupling
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2HDM constraint

- Compare with interpretation with coupling measurement(k-framework)
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ATLAS Preliminary e K Exp. 95% CL(with 1) ATLAS Preliminary b et ATLAS Preliminary b e ATLAS Preliminary P—
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- Coupling measurement gives similar (slightly better) constraint
- Missing dim-8 operators
- No petal structure in EFT (no 2" minimum)
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Constraints on MSSM  Silsgepgpe =

- Not use EFT interpretation results but Constraint from STXS measurements

2023/12/20

- Several MSSM benchmark scenarios are considered (more in backup)

M1?>(¥) scenario:

tanp

: . 125,74 . :
All charginos and neutralinos are My~ (alighment) scenario: hMSSM scenario:
relatively light with significant Alignment without decoupling my is 125.09 GeV with radiative
higgsino-gaugio mixing scenario one of CP even scalars  ¢orrection from stop-top sector,
H->bb, H>yy decay enhanced have SM-like couplings determine a, my, my,, couplings
(suppressed) at low(high) tanp, tan ~7 = nearly SM-like
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EFT in DiHiggs

- DiHiggs production is sensitive to the EFT parameters

- Both interpretations for HEFT and SMEFT

- 1D or 2D parameter scan (other parameters fixed to zero)
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HH->bbyy
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Constraint on CP-odd operators

Operator Structure Coupling

- H>ZZ->4l constraint with CP-odd EFT parameters Warsaw Basis
On o'ow! wrl e
- “Optimal observable” using the interference term of od,;,, o'l OW!  BH

SM and BSM 2R (M Mesw) Opp  ®'®B,B"  cyj
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- Combined EFT interpretations with other ATLAS Prelminary - BestFi S~ S
/5 =13 TeV, 36.1-139 fo~" — 68 % CL M EWPO
EW measurements . 55 % oL bW
Linear parameterisation
- Differential cross section measurements with 0™ T
diboson and VBF Z production e 4
(Al EW measurements are not included yet) by |
Process Important phase space requirements Observable L [fb_l] Ref. " —0.04 0.2 i 0 i 0.02  0.04
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pp — (Y0745 m;; > 1000 GeV, my, € (81,101) GeV' Agy; 139 [22] By v __:
- Electroweak precision observable (mainly from P
SLC and LEP) & —eT
ol _e-
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Summary

- No BSM particle found (so far) at LHC @

- Higgs, EW, top precise measurements provide valuable EFT interpretations

and stronger constraints

- Still can improve EFT formalism for both theory
and experimental sides
* Principal component analysis
 Global EFT interpretation
- Provide simplified likelihood in HEPdata
- Dim-8 calculation

- Showed EFT interpretation is usable
to constrain UV complete model
=» Beyond 2HDM scenarios?

ATLAS Preliminary s=13Tev, 139"
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EFT formulation

- SMEFT cross sections are calculated by LO diagrams (NLO QCD for
loop, NLO QED for H->vyy, Zy)

- Higher order calculation computed by scaling SM cross section assuming
the same relative effect on o,,; and oggy as on Ogy

NLO  _(N)LO
OSMEFT = Ogy (N)LO O_(N)LO)

o.
((IN)N)NLO X (1 + int + BSM

Tsm SM
- Branching ratio effects are taken into account
e —m e (rRSX ([HoX
I ik \I ik’ 1 _HFim_ 4 —BSM

(o B)i,k’,H—>X = (o°X B)i,k',H—>X 1 +: O'im,gN)Lo. |(TBSM,(N)LOI Lo ! '\F&‘_’XJ‘ g
SMEFT ~ — SMNM)NLO | * T 1T ik g I -
Csmaror 17smaLo )\ g i 2
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Linear+Quad

ATLAS Preliminary

13 TeV, 139 fb~', my = 125.09 GeV
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Constraints on 2HDM

2HDM: one of natural extension of Higgs sector
« parameter: h, H, A, H*, CP-even mixing angle a, two doublet mixing 3, m,,

Coupling Type I Type 11 Lepton-specific Flipped

u,c,t Sg-a + Cp-q/tan B
d,s,b sg_aq+cg_oftanf sg_o—cCp_oXtanf sg_o+cCcp_o/tanf  Sg_q —Cg_o Xtanp
e, U, T  Sg-a+Cp-oftanf sg_o—Cp_oXtanf sg_o—Cg-oXtanB sg_o+cCg_o/tanf

W, Z Sﬂ_a
H 3 +(3-27)c2 55 0 +2cot(28)[1- 23
B-a ;%: B-a’B-a ;{ B-a
U2 mf,
v+ v =v?,tanf = —=,m? = — =mj5 + Agv?
(2] sin f cos
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Assuming, Asv? K m4%,m =my = 1TeV (15 = 0)
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Constraints on MSS
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Global EFT EW inputs
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Ref

- https://indico.cern.ch/event/1296757 /[timetable/

- https://indico.cern.ch/event/1276727/timetable/?view=standard
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