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The SM Effective Field Theory (SMEFT)

In the absence of any signals, want to search for indirect signals of
new physics in Standard Model processes.

Calls for an effective field theory approach:

(6)
L = £SM-|-ZC

Built-in assumptions:

e New physicsatascale ~ A>E,v

e Electroweak Symmetry Breaking is linearly realized (Higgs is an SU(2)
doublet)
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The SM Effective Field Theory (SMEFT)

arXiv:1008.4884, Grzadkowski, et. al — the Warsaw Basis

Complete (non-redundant) basis of effective operators exists:

Oy (eyle)Icy*)  ||Onws| (HIT*H)WS,B* |Oyp|(H'D*H)" (H'D,H)

< > > —_
One| (H'iD, H)(ery*er) || Omu |(H'iD, H)(ury*ug)| Onq| (H'iD, H)(dry"dRr)

0¥ |(HtiDe H) (g% qr)| O | (H'iD, H)(@v"qr) | 0F) |(HiDs H)(Iproym
iy |(HYDZ H)(qrm*v*qr)|| Oy, | (H'iD, H)(qry*qr) || O |(H'iDg H)(ILTy*1L)

> — - o~
023 (H'D, H)(Iy*y) || Ogn | (H'H)O(H'H) || O (H'H)IpHer

Onc| (HTH)G4,GH4 Ouwg | (HYH)(G Hugr) || Oun| (HYH)(g,Hdg)

Oup| (H'H)B,,B" Onw | (HTH)W2,WHe || O | e W W WSS

(Note: not the full set here — lots of flavor / model-based

On (H'H)? . . .
assumptions to limit the ~3000 operators in the full EFT!)

Recently enumerated at dimension-8 as well:
Li et al [2005.00008] + Murphy [2005.00059]

Samuel Homiller — shomiller@g.harvard.edu SM@LHC 2023: EFT Complementarity & Underlying Models 3



Effective Operators Modify Interactions

Lead to both changes in coupling values, and new momentum structures:

_|_
W,
1 1. 1
_ 5292v77pu/ i 52920377/“/(01—.”3 o ZCHD)
i + 4ivC""™ (p2 ups v — (P2 - P3) M)

|74

In e.qg., diboson production, there is a one-to-one correspondence
between (gauge-invariant) coupling deviations and SMEFT operators at the
dimension-6 level:

2
v 1
oK% = 5 5 (ZSWCWC’HWB + -Cyp + (52})

(See e.g., [2003.07862] for anomalous 3-gauge couplings)
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Complementarity in the SMEFT

EW
( ﬁ ng/SOﬂ ﬂ top _\

P tfv—\
& C.
1 ( C(HWB CHD CYll (D\ t
Chus 8. o® oW CHQ Ciw
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CP CY Cuu Cua| ° -
Cho KL ! ! J Ccs!
c N\ EWPO )
Con CJ CLe €52 C3, C,
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\C'M,H \_ tT )
Higgs ~

Ellis, et al [2012.02779]

Measurements in different channels can be consistently
combined in a “model-agnostic” way.
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Combine into Global Fits:

95% Limits, Projected
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See also 1803.03252, 1812.01009, 1910.14012, 1911.07866,
2012.02779, 2105.00006, ...
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What are we learning about New Physics?

SMEFT allows for a robust, precision program at the LHC, but
ultimately these operators arise from some underlying UV model.
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What are we learning about New Physics?

SMEFT allows for a robust, precision program at the LHC, but
ultimately these operators arise from some underlying UV model.

Lots of interesting / challenging methodological questions:
At what order do we truncate the amplitude / Lagrangian?

* What assumptions about flavor should we make to get a manageable set of
operators?

e How should we account for EFT validity issues?

Also “higher-order” effects to consider:
* RG Evolution of Wilson Coefficients
* One-Loop Matching Effects
* Importance of Dimension-8 Operators

e Higher Order QCD / EW Corrections in the EFT
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What are we learning about New Physics?

SMEFT allows for a robust, precision program at the LHC, but
ultimately these operators arise from some underlying UV model.

Lots of interesting / challenging methodological questions:
At what order do we truncate the amplitude / Lagrangian?

* What assumptions about flavor should we make to get a manageable set of
operators?

e How should we account for EFT validity issues?

Also “higher-order” effects to consider:

These questions are §
. best studied in ;
examples! %

e RG Evolution of Wilson Coefficients

* One-Loop Matching Effects
* Importance of Dimension-8 Operators

e Higher Order QCD / EW Corrections in the EFT
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Interpreting Models in the SMEFT

) A UV model w/

(~ few TeV) new states
vV

(~ 100 GeV)
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Interpreting Models in the SMEFT

Matching with Covariant Derivative Expansion / UOLEA

(M. K. Gaillard, NPB 268 (1986)
Henning, Lu, Murayama, 1412.1837)

A UV model w/ Subset of EFT
(~ few TeV) new states coefficients C(A)
(V)
(~ 100 GeV)
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Interpreting Models in the SMEFT

Matching with Covariant Derivative Expansion / UOLEA

(M. K. Gaillard, NPB 268 (1986)
Henning, Lu, Murayama, 1412.1837)

o UV model w/ Subset of EFT
(~ few TeV) new states coefficients C(A)

RG Evolution to EW scale

(using anomalous dimensions
given in Trott et. Al, 1308.2627 %)

(~ 100 GeV) Cjlmy)
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Interpreting Models in the SMEFT

Matching with Covariant Derivative Expansion / UOLEA

(M. K. Gaillard, NPB 268 (1986)
Henning, Lu, Murayama, 1412.1837)

o UV model w/ Subset of EFT
(~ few TeV) new states coefficients C(A)

RG Evolution to EW scale

(using anomalous dimensions
given in Trott et. Al, 1308.2627 %)

v Fit to experimental
(~ 100 GeV) data at LHC, LEP
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Matching Models to SMEFT

This process is systematic, and can be automated!
Lots of tools have been developed in the past few years:

. : (A
Dictionaries: “logies 1, ,
WVihgy
* Tree-level: De Blas, Criado, Perez-Victoria, Santiago [1711.10391] em’SSed/)

* Including one-loop: Guedes, Olgoso, Santiago [2303.16965]

Matching Tools:
e (CoDEXx (Das Bakshi, Chakrabortty, Kumar Patra [1808.04403])
e Matchete (Fuentes-Martin, Kdnig, Pages, Thomsen, Wilsch [2212.04510]

 Matchmakereft (Carmona, Lazopoulos, Oleoso, Santiago [2112.10787])

And many other advances in understanding
(see e.g., 2001.00017, 2110.02967, 2112.12724 , 2302.03485, ...)
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Example 1: Singlet Scalar

Extend Standard Model with gauge-singlet scalar that mixes with
the Higgs
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Example 1: Singlet Scalar

Extend Standard Model with gauge-singlet scalar that mixes with
the Higgs

Physical states:
h = cosf &g+ sinf S
H=—sinfdy+ cosh S
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Example 1: Singlet Scalar

Extend Standard Model with gauge-singlet scalar that mixes with

the Higgs
125 GeV Higgs, couplings universally

| suppressed by cos @
Physical states:

h = cosf &g+ sinf S
H=—sinfdy+ cosh S
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Example 1: Singlet Scalar

Extend Standard Model with gauge-singlet scalar that mixes with

the Higgs
125 GeV Higgs, couplings universally

| suppressed by cos @
Physical states:

h = cosf &g+ sinf S
H=—sinfdy+ cosh S

Perform matching at the scale M, related to the physical mass via

M? = m3 sin® 0 + M7 cos” 0 — gvz

Two coefficients are generated at tree-level:

2 2
Oy = e Oy — Me (meme
SM?2’ SM?2\ 3M?2
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Singlet Matching to SMEFT

Fit Results in Space of Wilson Coefficients

5

----- EWPO (RGE)
—— Higgs + Diboson (RGE)
Combined
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Singlet Matching to SMEFT

Fit Results in Space of Wilson Coefficients
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Singlet Matching to SMEFT

Fit Results in Space of Wilson Coefficients

5\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\
Lo - EWPO (RGE) A—11ev | EW Precision Constraints
, — Higgs + Diboson (RGE) (from My,) arise from
, Combined operators generated by
"""""""""""""""""""""" the RGES!
1
------- Includes

CHD’ Cz‘H’ CbH’ CTH’

3 3
Ce), CO, Cyy

(o) sinf=0.50

K=U=
(Z, Symmetric)

OHD/(l TGV)2
T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T ‘ T T ‘ T T ‘ T T ‘ 17717714
| Q
CLl 1 ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ T T |
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Limits from the LHC and EWPO are competitive, and complementary
(but most of allowed parameter space is not generated in the model )

Samuel Homiller — shomiller@g.harvard.edu SM@LHC 2023: EFT Complementarity & Underlying Models 11



Singlet Matching to SMEFT

Bounds on Wilson Coefficients can be translated into bounds on

model parameters:
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Singlet Matching to SMEFT at One Loop

Jiang, Craig, Li, Sutherland [1811.08878],
Haisch, Ruhdorfer, Salvioni, Venturini, Weiler [2003.05936]

1 1 3
Ci(pr) = ci(M) A 167_‘_2d73(M) | 3%2%3‘%‘(1\4) —R>
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Singlet Matching to SMEFT at One Loop

Jiang, Craig, Li, Sutherland [1811.08878],
Haisch, Ruhdorfer, Salvioni, Venturini, Weiler [2003.05936]

1 1 3
Ci(pr) = ci(M) A di(M) + 55— 7%ij¢i(M) log —R>

New contributions to Cr, Cxn at the matching scale...

9 31 3
dnn = —5AcHD + o2 (3g% + ¢"*) e + Ser +0du + oSt
1

d = \| 5 (629 — 336)) ey + 6cn | + ddp + o™
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Singlet Matching to SMEFT at One Loop

Jiang, Craig, Li, Sutherland [1811.08878],
Haisch, Ruhdorfer, Salvioni, Venturini, Weiler [2003.05936]

Colin) — M) 4 a4+ e 5
/) /LR — G I - Z | AT SIS SD 2

New contributions to Cr, Cxn at the matching scale...

9 31 3
dnn = —5AcHD + o2 (3g% + ¢"*) e + Ser +0du + oSt
1

d = \| 5 (629 — 336)) ey + 6cn | + ddp + o™

...as well as many operators that don’t appear at tree-level:

Cup, Caw, CeB, CawB, CHu, CHa, CS;, C’S;, C}fl), Cia

In principle of comparable size to RGE-induced contribution!
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Singlet Matching to SMEFT at One-Loop

Straightforward to implement in existing SMEFT Fit:

\

30

| Unitarity Bounds : Unitarity Bounds

10" - -
20 Vacuum Stability -
----- EWPO (Tree) Bounds - —==== EWPO (Tree)
I EWPO (1-Loop) EWPO (1-Loop)
----- Global (Tree) 10°— ===== Global (Tree) : E |
Global (1-Loop) i Global (1-Loop) : :
N 10 — B /cé)
. SMEFT Limit of Singlet Model  SMEFT Limit of Singlet Model E ,
L —1 1 1
My =2TeV, 107 My =2TeV, 1 E
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0 |
i . 1072 ; -
Vacuum Stability Bounds - o : ; .
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—10 \ \ \ \ \ \ \ [ \“. L \ \ \ \ \ \ \ \ \ \ \ \: \ : \ \ \ \ \
0.00 0.10 0.20 0.30 0.00 0.10 0.20 0.30
sin ¢ sin ¢

Effects of O(10%), except large values of portal couplings
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Singlet Matching to SMEFT at One-Loop

Straightforward to implement in existing SMEFT Fit:
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0.25

0.20

0.15

sin 6

0.10

0.05

0.00

-
~
--.-
- -
-
------
- o

Unitarity Bounds

S a

~
-
s

-

-

-

bl
...
-.-

EWPO (Tree)

EWPO (1-Loop)
Global (Tree)
Global (1-Loop)

SMEFT Limit of Singlet Model
me = Mp/4, Kk =0.5, Ag =0.03

1000

1500 2000 2500 3000 3500 4000 4500
]fo{ ((}e\/)

500(

sin 6

0.30

0.25

0.20

Unitarity Bounds :

Vacuum Stability Bounds

-----------------------
---------------
-

DI o o

015(" L eenst i T e
/’(--- EWPO (Tree) i

i EWPO (1-L 7
0.10 WPO (I-Loop) -
o m==—— Global (Tree) T

- Global (1-Loop) 1
0.05 — ]
i SMEFT Limit of Singlet Model il

- me=Mpg/4, k=12, Ag=0.03 ]
0_007\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\7

1000 1500 2000 2500 3000 3500 4000 4500 500C
j&f}{ ((}e\/)
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Example 2: Vector-like Tops

Extend the SM with a pair of SU(2) singlet, Q = 2/3,
vector-like quarks (VLQSs):

7., T
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Example 2: Vector-like Tops

Extend the SM with a pair of SU(2) singlet, Q = 2/3,
vector-like quarks (VLQSs):

7o, Tr
Diagonalize the left- and right-handed tops to find physical
eigenstates with masses m, ( = 173 GeV), M

t - (cosOp r —sinfp g\ (T
T), g sinfp r  cosfOr r T? LR
tan fp = -~ tan @
Three physical parameters: m,, M, sin 6, R VA

(Alternatively, A¢, Ar, mT)
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Example 2: Vector-like Tops

Extend the SM with a pair of SU(2) singlet, Q = 2/3,
vector-like quarks (VLQSs):

7o, Tr
Diagonalize the left- and right-handed tops to find physical
eigenstates with masses m, ( = 173 GeV), M

<t> B <COS@L7R —sin@L,R> (Tl>
T LR_ sinfrp r  cosfr g T LR

Y

_ e
Three physical parameters: m,, M, sin 6, tan fr = M+ tan 0/

(Alternatively, A¢, Ar, mT)
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Top VLQ Matching to SMEFT

iA2 AAZ
£=Lsm+ 75 (O};?)—Oi]’iﬁ)) - T o)
T

QmT
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Top VLQ Matching to SMEFT

)33/(1Te\/)2
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Top VLQ Matching to SMEFT
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RG-induced contributions break flat direction in EWPO, and lead to Diboson constraints
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Top VLQ Matching to SMEFT

)33/(1Te\/)2
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Top VLQ Matching to SMEFT
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Top VLQ Matching to SMEFT
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Constraints on the model driven almost entirely by EW precision observables
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Top VLQ Matching to Dimension-8

arXiv:2110.06948, Dawson, SH, Sullivan (8)
OquH5

(4)\2 —3\L) (HTH)*YrH g + .

'Note: different scallng

than at d|m 6!

Additional momentum-dependent interactions, mOdIerd tbW couplings,
modified top-gluon couplings, ...

Effects are small for allowed parameters in this model, but illustrative of
challenges & subtleties in consistent matching to dimension-8!
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Example 3: The 2HDM

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Four “standard” types of 2HDMs (I, Il, L and F) distinguished by
Z, symmetry acting on @, and the fermions.

Higgs coupling deviations can be written in terms of
tan f, cos(f — a).
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Example 3: The 2HDM

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Four “standard” types of 2HDMs (I, Il, L and F) distinguished by
Z, symmetry acting on @, and the fermions.

Higgs coupling deviations can be written in terms of

tan f, cos(f — a).

E.g., for Type-ll:
Ky = sin(f — a) Cost(fn—ﬁ )
kg = sin(8 — a) — tan B cos(8 — «)
ke = sin(f8 — a) — tan B cos(8 — «)
Ky = sin(f8 — a)

Samuel Homiller — shomiller@g.harvard.edu SM@LHC 2023: EFT Complementarity & Underlying Models 20



Example 3: The 2HDM

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Four “standard” types of 2HDMs (I, Il, L and F) distinguished by
Z, symmetry acting on @, and the fermions.

Higgs coupling deviations can be written in terms of

tan f, cos(f — a).

E.g., for Type-lII: all approach 1 as
Ky = Siﬂ( CV) COS(ﬁ — a) ﬁ COS(ﬁ T C() — O

tan 3
kg =sin(f — a) —tan B cos(8 — a)  Alignment parameter tells
<, — sin o) — tan B cos o us how “SM-like” the
‘ (6 =) peos(f —a) 125-GeV Higgs is
Ky = sin(f — a)
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2HDM Matching to Dimension-6

lgnoring light flavor, there are four operators generated:

3 v’ A
O = (H"H)?, FCH:U—QCOS (8 — )
_ v? cos(f — «)
Opy = (HH)(QsbpH), —=Chy = —
b = ( )(Q3brH), A2 CbH YvTlb tan 3
_ - v? cos(f — «)
O = (HTH)(QstrH), —Cig=—
tH = ( )(QstrH), A2 tH YeTle tan 0
_ - v? cos(f — a)
O,y = (H'H)(LstgH), -—=Crg=—y,1:
= )(L3TrH), A2 -TH Y1 tan 3
Nt Ulz Nr
Type-I 1 1 1
Type-II 1 —tan?B | —tan?f
Lepton-specific 1 1 —tan? 3
Flipped 1 —tan? 1
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2HDM Matching to Dimension-6

lgnoring light flavor, there are four operators generated:

2 A2
O = (H"H)?, AQCH U—Qcosz(ﬁ—a)
. v cos(f — a)
Oy = (HTH)(Q3brH), -—Cyg = —
bH = ( )(Q3brH), A2 CbH = YvMb -~
- - v? cos(f — «)
O,y = (H'H)(QstpH), —Cig=—
tH = ( )(QstrH), A2 tH — — Yt tan 3
- - v? cos(f — «)
= (H"H)(LstrH), - = —y. 1,
Orm = ( )(LsTrH ), A2 -TH Y- tan G
e - , Requiring all the additional states to lie
T at a common high scale enforces the
ype-I 1 1 1
) “decoupling limit”:
Type-II 1 —tan?B | —tan?f 5
. ()
LeptOfl—spemﬁc 1 1 : —tan? 3 COS( 5 L Oé) ~ F <1
Flipped 1 —tan® (8 1
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2HDM Matching to Dimension-6

i C’HzCTH:O,AleeV E E CTH:C'tH:O,AleeV i
0.20 |- ¢p-a=0.10 - 0.20 - -
- Type 11, tanB=5 _ .
010 r Gpa=0.05 010+ -
= =
= i = i
—  0.00 — 000 u
~ i ~ i
S T
O o0 SRR TS N
~0.20 - —0.20 - -
—— Higgs + Diboson (RGE) i - — Higgs + Diboson (RGE)
| | | | ‘ | | | | ‘ | | | | ‘ | | | | ] 7\ | ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ | \7
—2 —1 0 1 2 —-50 —-40 —-30 —-20 —-10 O 10 20 30 40 o0
Cim/(1TeV)? Cr/(1TeV)?

Different types of 2HDM sweep out different ranges of allowed coefficients

RGE Effects tend to be small (logarithmic changes in Higgs couplings)
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Matching Effects at Large tan f

10 vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

085
0.6

04"

Chu

0.25

000 e *—— — Dim 6, A2

—0.2}

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

There is a second minimum where the
bottom Yukawa has the opposite sign

The well-known “wrong-sign” region of
the Type-ll 2HDM
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Matching Effects at Large tan f

e . There is a second minimum where the
| | bottom Yukawa has the opposite sign
0.8+
0al The well-known “wrong-sign” region of
| the Type-ll 2HDM
T 04F
© ' 10—
0.2+ : |
ﬁ A Type-L 2HDM
| = | | |
00 e =— — Dim 6, A2 gl |
~0.2} Pim 6 AT ~ — Exact 2HDM |
2 1 o0 1 2 3 4 5 - — Dim-6, A2 |
Cin o Dim-6, A"t |
=
g |
4%
Ruled out for Type-Il by latest Higgs data, V
but appears still in e.g., Type-L... w
2%
...but only if we include O(A~*) terms!
0

-0.4 -0.2 0.2 0.4

cos(f—a)
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Matching Effects at Large tan f

In the type-l 2HDM, all of the
fermionic operators scale like:
2
v cos(f — «)
Oy = —
Az TH Y tan 3
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Matching Effects at Large tan f

In the type-| 2HDM, all of the For large tan £,
fermionic operators scale like: approaches the SM!
2
v cos(f8 — oz)/
Oy = —
A2 TH Y Fan 5
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Matching Effects at Large tan f

In the type-| 2HDM, all of the
fermionic operators scale like:

v cos(f3 — oz)/
2 CrE = —Ys

tan

Ignoring the constraints on Cy,

we see the dimension-6

description completely fails
(see e.g., [1611.01112])

—> need to include gauge
couplings! (Dimension-8)

For large tan f,
approaches the SM!

10 [ :

5

— Exact 2HDM |
Dim-6, A2
— Dim-6, A™* |
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A, Constraints are Important!

At dimension-6, the leading constraints for large tan /f come from
information about the Higgs self coupling encoded in Cy;

Use indirect bounds from single-Higgs measurements
based on [arXiv:1607.04251]

(Degrassi, Di Micco, Giardino, Rossi).

v? A% — 4ms?
FCH = cos(f — a)z( )

V2
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A, Constraints are Important!

At dimension-6, the leading constraints for large tan /f come from
information about the Higgs self coupling encoded in Cy;

Use indirect bounds from single-Higgs measurements
based on [arXiv:1607.04251]

(Degrassi, Di Micco, Giardino, Rossi).

2 2 far2
U—C'H = cos(f — a)’ (A" — 4mj,)

A2 / )2
Extra factor of A increases
importance for larger scales
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A, Constraints are Important!

At dimension-6, the leading constraints for large tan /f come from
information about the Higgs self coupling encoded in Cy;

Use indirect bounds from single-Higgs measurements
based on [arXiv:1607.04251] O e

(Degrassi, Di Micco, Giardino, Rossi). /
2 2 2 ’ i
v (A* —4ms7) | |
FCH — COS(ﬁ — Oé)2 )2 h \

/ E

Extra factor of A increases

importance for larger scales " — No Cy )
X . : Crr, A=500 GeV |
; 3 i — Cqg, A=1 TeV
¢ Direct hh measurements should Type-1 2HDM — Cy, A=2 TeV
"‘\ have a blg impaCt herel! f o6 04  -02 'o.lol o2 04 06
NN R DA N B R I BTR A E St Vil cos(f—a)
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Matching the 2HDM to Dimension-8

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Gauge coupling modifications make it clear matching to
dimension-8 is important.

Perform complete matching of the 2HDM to dimension-8, and
write operators in terms of “Murphy basis” in [2005.00059]

(D, H'D"H)(quH), (D, H'r'D*H)(qur'H), (D,H"H)(quD"H)
(H'H)*(quH),  (H'H)"

o) = (H'H)*(D,H)"(D"*H), 022; = —— cos(B — a)*
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Matching the 2HDM to Dimension-8

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Gauge coupling modifications make it clear matching to
dimension-8 is important.

Perform complete matching of the 2HDM to dimension-8, and
write operators in terms of “Murphy basis” in [2005.00059]

(D, H'D"H)(quH), (D, H'r'D*H)(qur'H), (D,H"H)(quD"H)
(H'H)*(quH),  (H'H)"

o —T a7 PR T R o T 8

[ O = (HTH)X(D,H) (D"H),  Cljl = == cos(8 — o)’

b sBa <~ = e , ; - 2 MW YO
- eI 57O s ty - Aeq As 5
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Fit Results Including Dimension-8

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

10,

0.5 j
: — Exact 2HDM |
— Dim-6, A2
— Dim-6, A~
Type-1 2HDM — Dim-8
0.1+ b Vo
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
cos(f—a)
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10

tang

— Exact 2HDM
— Dim-6, A2
— Dim-6, A~
— Dim-8

\/

Type-II 2HDM |

-0.4

—-0.2

cos(f—a)

0.0

0.2 0.4
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Fit Results Including Dimension-8

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

10 10 [+ |
Type-L 2HDM ﬁ
L 5,
8+ i
- — Exact 2HDM
- — Dim-6, A2
6. — Dim-6, A~
3 | Dim-8 % X
3 -
4+ s ]
! 0.5} .
, — Exact 2HDM
: — Dim-6, A2
I : — Dim-6, A~
Type-F 2HDM — Dim-8
NS otbo M
Y o4 ~0.2 0.0 0.2 0.4 -03  -02 -0 00 01 02 03
cos(f—a) cos(f—a)
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EFT of the 2HDM Summary

arXiv:2205.01561, Dawson, Fontes, SH, Sullivan

Rich structure of the 2HDM leads to interesting effects when
interpreting SMEFT results:

e SMEFT formally valid only in the “alignment-limit”,
requires light scales for large mixing angles

e “Wrong-sign” regions require going beyond O(A~?)
 (Gauge couplings only appear at dimension-8

e Self-coupling effects introduce a dependence on the
heavy scale
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Conclusions

e SMEFT Fits may be the “legacy”
measurements of the LHC, but
important to keep UV models in
mind!

e Tree level interpretations of SMEFT
Fits aren’t the whole story!
RG evolution of coefficients is
extremely important.

 (Considering explicit models lets us assess the importance of higher-
order matching effects (1 loop, dim-8) in a concrete way.

 Higher order effects can change phenomenology / interpretation —
what happens in even more complicated models?

Thanks for your attention!
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Conclusions

S

Lots of other recent %

 SMEFT Fits may be the “legacy” work on this topic!
measurements of the LHC, but {j See:
important to keep UV models in P« Marzocca, et al., [2009.01249]
mind! £ « Elis, etal., [2012.02779] \l
* Tree level interpretations of SMEFT { : gﬁiig 6::2?_': 31%5.([)21001924]0 5839 .
Fits aren’t the whole story! o Almeida et al., [2108.04828],  §
RG evolution of coefficients is .

sy

... and more

extremely important.

 (Considering explicit models lets us assess the importance of higher-
order matching effects (1 loop, dim-8) in a concrete way.

 Higher order effects can change phenomenology / interpretation —
what happens in even more complicated models?

Thanks for your attention!
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