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What is the SMEFT?
®0

SMEFT Basics

m Effective Field Theory extension of the Standard Model
[1008.4884]

m Add operators that obey the SM symmetries, corresponding to
physics at higher scale A

1
Nd—4

Lsmert = Lsm + Z Ci(d)ogd)

d=5

m C; are Wilson coefficients, O are in the Warsaw basis
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What is the SMEFT?
oce

Why SMEFT

m Non-model dependent way to analyze BSM physics

m Treats SM as a low-energy approximation with new physics at
a higher scale

Can perform global fits on experimental data on Wilson
coefficients

m Lots of interesting phenomenology in all areas of particle
physics
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What is GRIFFIN?
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GRIFFIN Basics

m Interested in measuring ff — f'f’ scattering (often) near the
Z boson resonance.

m Interpret results through Electroweak Pseudo-Observables
(EWPOs) plus additional effects

m GRIFFIN (Gauge-invariant Resonance In Four-Fermion
INteractions) [2211.16272] is a C++ package providing these
values for calculating four-fermion processes

m Easily modifiable to add higher-order corrections
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What is GRIFFIN?
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GRIFFIN Structure

m Chiral structure:
M = [MyyA* @y, — Myay" @7,7° = Mav Y y° @5+ Maay" y° @7,7°]

m Differential cross-section:

do Ncs
dcost 3267r {(1 + ) (IMw[? + [Mval® + |May * + [Maal?)

+ 4C9R€{Mvar\A + MVAMZA}
— 2Pf(1 + Cg)Re{MV\/MZV + MVAM:\A}
— 4PrcoRe{Myy My + May Mja}|
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What is GRIFFIN?
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Z-pole Expansion

m Near Z resonance, expand matrix element as

R;
M = - —Jso + Sij + Sji(s — s0)

i,j=V,Aand so = M2 — iMzl 7

m Can write the pole coefficient in terms of form factors Fl,, F},
and the effective weak mixing angle sin® 0.
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What is GRIFFIN?
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Form Factors

f
= [1|+Z‘F‘;|Z,Z fMZrZ|af y2|mz”L_M2 + O0(a®)
F = Ff | (1 - 41Qe sin? 0fg)? + <Im§/jj)
2ur9) = (9 + L 22t = Taale) - 2L
24(s) = F(9) + ST TE
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What is GRIFFIN?
0000e

ZfF vertex

m vZ(s) and aZ(s) are the Zff vertex form factors.
m Lz = ZuFy"(vF — afs)f
m At tree level,

Lo~ 2 fchW (( _Qfs 2) —Qfs? 1+w )
e If
n VfZ(O) = 2sucw ( —2Q" sin’ w), af(O) 2:w3Cw
f

) A

|
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Adding SMEFT to GRIFFIN?
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Tree level SMEFT in GRIFFIN

m Due to modular nature, easy to add code for SMEFT
corrections

m Allows for studying BSM corrections to EWPOs [1909.02000,
1502.02570]

m Can perform global fits now with high precision in the SM

m Starting just by adding tree-level SMEFT-SM interference
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Adding SMEFT to GRIFFIN?
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SMEFT Contributions to GRIFFIN

m Three general classes of contributions

m Operators contribute to Zff vertex: O, ws, Oyp, OSI), (9;3,),
Oge.

m Operators contribute to non-resonant: Oy, (’),(;), ij), Oece,
Oeu, Oed, Ole, Oy, Oyg, Oge

m In addition, some contribute again G,: [Oy]1221, [On]2112,
[0503/)]11, [0503/)]22: Opwa, Opp

m Relevant because GRIFFIN accepts My, or G, as inputs, then
calculates

yes

G =
VM (1 - M3,/ M3)
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Adding SMEFT to GRIFFIN?
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SMEFT Contributions to Form Factors

m At leading order, SMEFT corrections to form factors simplify
greatly

Zve(s) = Vﬁo)(s) +6vismerT(s)  Zar(s) = 3%(0)(5) + 6af smerr(s)

sin20f — L -1 " Re Vi(0)(5) + 0VEswiger(s)
41| i afz(o)(s)+5afZ,SMEFT(s) e
4
dsi 29f ~ —1 R Vf(o) (5VfZ,SMEFT 6afz75ME|:T
SIN™ Uegr ~ 7 e— > _ 2
UL o V#(0) (0)

f z 7 2 f Z < 7
Fa= [|af(0) + daf smeFT| L—MZ ; O0Fa= 2af(0)5af,SMEFT
4

Fi = Ff (1= 41Qr] sin® 0052
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Adding SMEFT to GRIFFIN?
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Form Factors (cont.)

m Can get these shifts from the SMEFT Lagrangian
[1704.03888]

5VfZ,SMEFT = m (5gLZf + 5gi§f) 753?,SMEFT = ﬁ (5gLZF - 5gf§f)
wf«mWM%mmwm

Jackson Wallace
PIKIMO 2026: SMEFT in GRIFFIN



Adding SMEFT to GRIFFIN?
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SMEFT Contributions to W Mass

m G, picks up corrections from the SMEFT due to corrections
to muon decay

1 1 3)
Gy = ——— — —Cy+2C!
SRV NG #!
m Additional shifts in Mz lead to the following corrections to
Mgy, (ciysiy = \[Wa 7)
2G,M2

1 M2C2 52 C// 3
SM3, = ZwWw_ (L /2y

- 2
2N\2Gy, /%—CEVS%/ V2
1 1
B \ﬁC(;gWBCWSW n C¢D 1 Vi~ Cavsﬁv +3 )

> 2
1 122 22 c2,s
2 7\ 7~ Swiw wew
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Adding SMEFT to GRIFFIN?
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SMEFT Non-Resonant Contributions

m Non-resonant contributions to ff — f'f’ scattering from
four-fermion SMEFT operators

m Similarly, can find quickly from chiral structure, then rewrite
in terms of GRIFFIN's vector/axial vector structure

f=e/u/r,f' =e/u/t:

1

M, = —z (2[Culer ¢ + 2[Culrrrre)
1

Mgrg = —p4[cee]fff/f’
1

Mg = —ﬁ[cle]fff’f’

1
MgrL = _p[cle]f’f’ff
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Adding SMEFT to GRIFFIN?
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Future Steps

m Still more work that needs to be done to incorporate
same-fermion scattering (additional Mss, Mpp contributions)

m Include higher-order contributions

m Include dimension 8 operators
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Adding SMEFT to GRIFFIN?
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Conclusion

m The SMEFT is a powerful framework for evaluating
model-independent impacts of BSM physics on (e.g.) EWPOs

m GRIFFIN is a useful package for gauge-invariant, modular
higher-order corrections to four-fermion scattering

m Now, can perform more accurate SMEFT fits

m Two great tastes that taste great together
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Backup
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PIKIMO SMEFT in GRIFFIN



O®0000000000

(LL)(LL) (RR)(RR) (LL)(RR)

X (aa Q| Gt | Qe | emedteare) [ Qe | Gad)teare)
Qs | FACGrGG Qe (') bere) QW | @ma)@a'a) | Qu mmu Naorw) | Qu | Gl (@)
Q| FUGrGG Quo '»" #) (@ ?) Q| @nr'a)@r a) | Qu Audr)(dytd) | Q| () (deyd)
Qw | MWW ew Quy (9')(@dr0) QY ()@ ar) Qeu (Epvmer) (A uc) Que (G ua) (Ever)
Q| W O | )@ T a) | Qea | (Ee)(dydy) 0 @) (@)

x?‘/ ¥ Xe V3D QW | (@) dard) | O | @I e @ T )
Quc T GG | Qur | (e oW, | QY (wﬁ, @)ty Qul | @ Ty T | Q| @) (i)
Qe ;'YG‘("W Qs | G e)eBu || QY | (HiBLr ) Q| @, T ([dnTd,)
Qv | oWl | Qu | Gor TG, | Qu | (¢liDLo)Ere) (LR)(RL) and (LR)(LR) B-violating
Qi | e | Quy | GeorudriEw), | Q% | (@iB,e )(qw”%) Qreaq (ter) (du) Quug =iy [(d)TCul) [(q)TCtE]
Qs | ¢eBuB” | Qu| (@e"u)PBa | QG | ( B' Qo | @u)zin(@d) | Qum * [T [(w)TCer)
Qs o BB Qua | (0" Tdy)e Qen Qs | (@14 (@ T4 || Quuy =5 (4397 O] (7T CH]
Qows | &rleWLBY | Qv | @e"d)T e Wi, | Qu | (iD, )(d,ww ) Qi Qi =2 [(d)TCuf] [(2)7Ce]
Quivn | ¢TeWLE” | Qv | (@0"d)¢Bu | Quua | i@ ,w(”m“'/) QP | (Gowe)e(@o )

Table: dimension 6 SMEFT Operators in the Warsaw basis
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Form Factors (cont.)

These factors, in addition to higher-order imaginary corrections,
combine to form R (at NNLO):

: g L1 1o
RIHID) _ g1t \/ﬁ[ Qf (1 +iraa = 5(raa)* + 25X(2>>

+(©’flj7f/ + éf I,',f)(l. - rAA) /, flj f/:| + MZFZZ,f( )Z_jf/(o) j

Q) =1 4|Q|sin® 0L Qh=1

1
lvs= (a0 [a?(o)“nZVf(l) - VfZ(O)ImZAf(l)] lar=0

ImZary  ImZaera — Bf,
rhy = A AW imEhg §X(2) = —(ImElppy)? + 2200
as a R(O)
£(0) f/(0) ij
ImZ;, ImZ,
X;J" = if(1) + i 1) |ng(1)

Zif(0) Zif1(0) 2
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GRIFFIN Framework

m Two base classes: invals and psobs

m An invals object takes boson masses and widths, fermion
masses, and couplings

m Two child classes for SM inputs: one for (a, Mz, Myy)
couplings and one for (a, Mz, G,,)

m All EWPOs are calculated with Myy; for latter inputs
calculate via

ye:

G, =
YVRME (1 - MR, M3)

(1+ Ar)
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GRIFFIN Framework (cont.)

m A psobs object returns a value used to calculate an matrix
element

m Has child classes for F\’;A, sin? ngf with corrections up to
complete NNLO (O(a?) + O(aas))

m Child class for matrix elements, from complex-pole expansion
(up to NNLO) and off-resonance (up to NLO, for now)

Jackson Wallace
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Non-resonant

f=e/u/t,f =ve/v,/vs:
1
M = _ﬁ ([C[/]fff/f’ + [Cll]ff’f’f)
Mgr = Mg =0

1
Mg, = *E[Cle]f’f’ff
f:Ve/V,u/Vﬂf/:e/:u/T:

1
M, = —73 ([Cnl e + [Cultrrers)

1
Mg = —E[Cle]fff’f’
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Non-resonant

f=ve/vu/ve, f' =ve/vu/vr:

1
MLL — _ﬁ (2[C//]fff’f’ + 2[C/I]ff/f’f)
Mgr = Migr = Mg =0
=e/u/7,f =ujc:

1 1 3

My = A2 ([C/(q)]fff’f’ - [C/(q)]fff’f’>
1

Mgr = —p[ceu]fff/f/
1

Mir = _E[Clu]fff’f’

1
MpL = =5 [Cael e s
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Non-resonant

f=u/c,f =e/u/T:
My = —% ([C,(ql)]f’f’ff - [C,(q3)]f’f’ff>
Mgr = _%[Ceu]f’f’ff
Mg = —%[qu]fff’f’

1
Mgy = —p[clu]f'f'ff

Jackson Wallace
PIKIMO 2026: SMEFT in GRIFFIN



000000008000

Non-resonant

f=e/u/T,f' =s/d/b:
1
M = -7 ([C,(ql)]fff'f' + [C/(q3)]fff’f’>

1

Mgr = _p[ced]fff’f’
1

Mir = — 5[ Calmr s

1
Mgy = _ﬁ[cqe]f’f’ff
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Non-resonant

f=d/s/bf' =e/u/T:

1 1 3

M =—73 ([C,(q Neresr + [C,(q )]f’f’ff>
1

Mgr = _ﬁ[ced]f’f’ff
1

Mg = _ﬁ[cqe]fff’f’

1
Mg, = Y [Clalf ¢4
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Non-resonant

f=ve/vu/ve f = ujc:

1 1 3
My = A2 ([C/(q)]fff’f’ + [C,(q)]fff/f'>
Mgr = Mg =0

1
Mg = — 5 [Culmre

f=ujc,f' =velv,/v::

1
M= —73 ([C,(ql)]f'f'ff + [C/(q3)]f’f’ff)
Mgr = Mg =0

1
Mg = A2 [Culf e
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Non-resonant

f:Ve/Vu/VTaf/:S/d/b:

1 1 3
My = 2 ([C,(q)]fff'f/ - [C/(q)]fff’f’)

Mgrr = Mg =0

1
Mir = — 5[ Calmr s

f=d/s/b,f =ve/v,/v::

1
M= —73 ([C/(ql)]f’f’ff - [C,(;)]f'f'ff>

Mgr = Mg =0

1
MgrL = _ﬁ[cld]f’f’ff
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