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Outline

» EFT matching with functional methods up to one loop

--- Advantages compared to “amplitude matching”

» A new way of organizing functional supertrace evaluation

--- Log-type and power-type

» STrEAM (SuperTrace Evaluation Automated for Matching)

--- Automates supertrace evaluations with CDE
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Matching via Amplitudes

‘CUV = LSM +£BSM (¢SM ’CDBSM)

)¢

LSMEFT = ESM + ZCi O. (¢SM)
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Matching via Amplitudes

Ly =Ly + Lgsw (¢SM1CDBSM) ‘ {Auv (ﬂ“uv)}
I

)¢

LSMEFT_LSM+ZC ¢SM)
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Matching via Amplitudes

Ly =Ly + Lgsw (¢SM1CDBSM) ‘ {Auv (ﬂuv)}
I

)¢

LSMEFT - ESM + ZC ¢SM ) ‘ {ASMEFT (CI )}
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Matching via Amplitudes

ESMEFT o LSM +ZC
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Ci(Auv)

¢SM) ‘ {ASMEFT (Ci )}
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Matching via Amplitudes
£UV - ESM +£BSM (¢SM’CDBSM) ‘ {Auv (ﬂ'uv)}

Ci(Auv)

Loverr = Low + Zci O (¢SM) ‘ {ASMEFT (Ci )}

_ matched onto
SM + Singlet > SMEFT

M. Jiang, N. Craig, Y.-Y. Li, and D. Sutherland,
arXiv: 1811.08878

e U. Haisch, M. Ruhdorfer, E. Salvioni, E. Venturini, and A. Weiler,
arXiv: 2003.05936
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Matching via Amplitudes

Ci(Auv)

ESMEFT - ESM + ZC ¢SM ) ‘ {ASMEFT (CI )}

Disadvantages:

1. Need to know the effective operators {(’).

(¢)} inadvance
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Matching via Amplitudes
£’UV = ESM +£BSM (¢SM’CDBSM) ‘ {Auv (ﬂ'uv)}

Ci(Zuv)
ESMEFT - ESM + ZC ¢SM ) ‘ {ASMEFT (CI )}

Disadvantages:

1. Need to know the effective operators {O

(¢)} inadvance

2. Need to figure out the set of amplitudes {.4} that can determine C,
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Matching via Amplitudes
£’UV = ESM +£BSM (¢SM’CDBSM) ‘ {Auv (/?*uv)}

Ci(Zuv)
ESMEFT = ESM + ZCI CQI (¢SM ) ‘ {ASMEFT (CI )}

Disadvantages:

1. Need to know the effective operators {O

(¢)} inadvance

2. Need to figure out the set of amplitudes {.4} that can determine C,

--- often complicated by linear redundancies among O, (¢)
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Matching via Amplitudes
£’UV = ESM +£BSM (¢SM’CDBSM) ‘ {Auv (ﬂ'uv)}

Ci(Zuv)
ESMEFT = ESM + ZCI CQI (¢SM ) ‘ {ASMEFT (CI )}

Disadvantages:

1. Need to know the effective operators {(’)

(¢)} inadvance

2. Need to figure out the set of amplitudes {.4} that can determine C,
--- often complicated by linear redundancies among O. (¢)

3. Computationally expensive
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Matching via Amplitudes
£UV - ESM +£BSM (¢SM’CDBSM) ‘ {Auv (ﬂ'uv)}

Ideally ‘

Loverr = Low + iZCi O (¢SM) ‘ {ASMEFT (Ci )}

Ci(Auv)

Disadvantages:

1. Need to know the effective operators {(’)

(¢)} inadvance

2. Need to figure out the set of amplitudes {.4} that can determine C,
--- often complicated by linear redundancies among O. (¢)

3. Computationally expensive
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Matching via Amplitudes

£UV = £SM + £BSM (¢SM ’CDBSM) ‘ {AUV (AUV)} 1_‘UV, 1LPI [¢]

Ideally ‘

ESMEFT = LSM + IZCI Q (¢SM ) ‘ {ASMEFT (CI )} 1_‘EFT, 1PI [¢]

Functional

< (/1 UV) Matching

Disadvantages:

1. Need to know the effective operators {O.

(¢)} inadvance

2. Need to figure out the set of amplitudes {.4} that can determine C,
--- often complicated by linear redundancies among O. (¢)

3. Computationally expensive
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L(Et;?re) = ﬁuv (¢’(D =0, [¢])

_[d“x L80%) = IE STrlog| —
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oS,y

oD

hard

D= [¢]
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oS,y

L(Et;?re) =Lyy (¢’(D =D, [¢]) 5D =0
D= [¢]
_ ' 5°S
dx £&) = L grr)ag| -2 2wy
j 2 | 5(¢’CD)2 O=0, | hard

Scope of validity:

» Any spin: scalars, fermions, vector bosons
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oS,y

L(Et;?re) =Lyy (¢’(D:(Dc [¢]) 5D =0
D= [¢]
_ ' 5°S
dx £&) = L grr)ag| -2 2wy
j 2 | 5(¢’CD)2 O=0, | hard

Scope of validity:

» Any spin: scalars, fermions, vector bosons

» Contributions from heavy-light loops
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oS,y

L(Et;?re) :ﬁuv (¢’CDZCDC [¢]) SO

D= [¢]

_[d“x L80%) = IE STrlog| —

- —lhard

Scope of validity:

» Any spin: scalars, fermions, vector bosons
» Contributions from heavy-light loops

> Derivative interactions in UV
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L(Et;?re) = Euv (¢’CD =0, [¢])

oS,y
oD

D= [¢]
. 2
_[d“x £ — L grriog| - O Suy .
2 5(4,@)|
- ¢ dlhard
Scope of validity:
» Any spin: scalars, fermions, vector bosons

>
>
>

02/08/2021 LPCC EFT WG

Contributions from heavy-light loops

Derivative interactions in UV

Non-renormalizable interactions in UV
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L(Et;?re) = Euv (¢’CD =0, [¢])

jd“x L80%) = IE STrlog| —

oS,y
oD

D= [¢]

—lhard

Scope of validity:

>

v V. V V¥V

02/08/2021 LPCC EFT WG

Any spin: scalars, fermions, vector bosons
Contributions from heavy-light loops
Derivative interactions in UV
Non-renormalizable interactions in UV

Non-relativistic EFT matching, e.g. HQET

Xiaochuan Lu, UO
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oS,y

L(Et;?re) =Lyy (¢’(D:(Dc [¢]) 5D =0
D= [¢]
_ ' 5°S
dx £&) = L grr)ag| -2 2wy
j 2 | 5(¢'CD)2 O=0, | hard

How to evaluate this

L functional SuperTrace?
Scope of validity:

» Any spin: scalars, fermions, vector bosons
Contributions from heavy-light loops

Derivative interactions in UV

Non-renormalizable interactions in UV

v V. V V¥V

Non-relativistic EFT matching, e.g. HQET
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2 2 K 2
(-0°-M )CDC—E¢ D, —
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L (9,®)= %¢(—82 - m2)¢—i¢4 +1c1>(—a2 - M Z)CD—§¢2CD2 =

24

A

2

fai=0 = @[f]=0
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1 A, 1 K )
£UV(¢,<D)=§¢(—52—m2)¢—a¢4+§®(—52—MZ)CD—ZW@Z—Z—‘Z@“
(—GZ—MZ)CDC—§¢2CDC—%DCD§:O = @ [4]=0
2 2 ﬂ' 2
) §ZSUV ) o°+m +E (¢]
=
5(¢’CD) D=, 82+M2+§¢2 CD
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1 A 1 K A
Ly (6®)==¢(-0"-m°)pg——¢"+=D(-0° - M? D - — D" - 2 ]*
o (4,2) 2¢( )¢ 24¢ 2 ( ) 4¢ 24
(—82—M2)®C—§¢2®C—%‘)®§:0 = @ [4]=0
2 2 /1 2
) 523uv i o°+m +2 (¢]
=
5(¢’CD) D=, 82+M2+§¢2 CD
- 2 -
jd“x £ — L grriag 0 SUV2 =LSTrIog(62+M2+£¢2j
5(¢4, @) oo, | 2 2
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1 A . 1 A
Loy (6,D)= §¢(_52 - m2)¢—a¢4 +§cp(—a2 ~M?) —§¢2c1>2 T

(—82—M2)(DC—§¢2(DC—%D(D§:O = @ [4]=0
2 2 ﬂ' 2
5, i 0°+m +2 (¢]
. =
5(¢’CD) D=, 82+M2+§¢2 CD
- 2 -
jd“x E(ElF"T""p):LSTrIog _© SUV2 =LSTrIog(62+M2+£¢2j
2 5(¢4, @) oo 2 2
L ~ ¢ lhard

iSTrlog| PP~M?*-U(¢)] , P,=iD
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i STrlog| P*—M? -
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—|jddxj

Iog[ (P —qﬂ)z—Mz—U(gb)J ,

Xiaochuan Lu, UO

P

32



i STrlog| P*—M? - _|jddxj

Iog[P—qﬂ)z—Mz—U(¢)} . P,=iD, , F,=-i[P,P]
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d’q

(27)

i STrlog[ P2~ M2-U (¢)] =i d’x[ dlog[(Pﬂ—qﬂ)Z—Mz—UW)} . P,=iD, . F,=-i[P,R]

Coleman-Weinberg potential:

2
:Id4xl617zz tr{%(MZJrU)Z(Iog M5+U +%j}+O(Pﬂ)
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striog e w0 )] fx] S iof (2 0 f M 0(@)] L p-in,  EcilRe]
Coleman-Weinberg potential:

.1 1 2 2 3
:J'd X6 tr{E(MZJrU) (Iog M5+U +§j}+O(P")

Two-derivative generalization: (Cohen, Craig, XL, Sutherland, arXiv: 2008.08597)

1 |1 > 3} 1 1
=[x tr{E(M2+U)2[Iog |v|§1+u +§J_EM2+U (PU )2}+O(Pj)
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d’q

(27)

i STrlog[ P*~M?-U (¢)]=i[d’x]

dlog[(Pﬂ_qﬂ)Z_M2_U(¢)} . P,=iD, , F,=-i[P,P]

Coleman-Weinberg potential:

2
:J‘d“xmlﬁ2 tr{%(MZJrU)Z(Iog M5+U +gj}+O(P“)

Two-derivative generalization: (Cohen, Craig, XL, Sutherland, arXiv: 2008.08597)
1 1 2 g 3} 1 1 2
ot tr{E(M2+U) (Iog i +§J_EM2+U (PU) }+0(P§)

Up to mass dim-6 (UOLEA): (Henning, XL, Murayama, arXiv: 1412.1837)
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iSTrIog[PZ—MZ—U(¢)]=ijddxj((2j:;d |09[(Pﬂ—qy)2—M2_U(¢)} , P,=ID, , Fuvz_i[Pﬂ’Pv]

Coleman-Weinberg potential:

2
:J'd“x1617[2 tr{%(M2 +U)2(Iog M5+U +%j}+O(Pﬂ)

Two-derivative generalization: (Cohen, Craig, XL, Sutherland, arXiv: 2008.08597)
~Jax o o) oy £ 3L (pu) [ro(R)
167° |2 +U 2) 12M*+U g

Up to mass dim-6 (UOLEA): (Henning, XL, Murayama, arXiv: 1412.1837)

(1 a3 oo M p (1 , 1 j
—M*log=—+—=[+M*|log-—+1|U +|log— || =U° " ——F, F*

2 ( VE 2} VE M\ T

I 1 U | 2 1 ,
Ve %Fﬂ F F ﬂ+60(PﬂFW)(PpFP )_EU —E(P#U) +UF,F* }

(1 1 1 im-
1220 EU(P”U)Z+E(PZU)(P2U) +O(dim8)
M4 I H 4 1 y73% 1 2 nv
_+6O(P uj(p U)FW——GOUFWUF ~ 7Y R F
1[ 1 1 1 1 1
+W_—au5—5u2(alu)z——3ou(Pﬂu)u(Pﬂu)} VT
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iSTrlog(P? -
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M?-U)=iSTrlog(P* - M?)-

Xiaochuan Lu, UO
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iSTrlog(P? -

4 (1-loop)
jd X LEFT

Cohen, XL, Zhang,
arXiv: 2011.02484

02/08/2021 LPCC EFT WG

:%STrIog(K—X)

M7 -U)=iSTrlog(P* - M7)- ii ST{(PlMZU H

2
_ST”Og &
2 5(¢®)’

D=, hard

hard

Xiaochuan Lu, UO
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iSTrlog(P? -

4 (1-loop)
jd X ﬁEFT

Cohen, XL, Zhang,
arXiv: 2011.02484

02/08/2021 LPCC EFT WG

. = 1.
M?—-U)=iSTrl PZ—M? IST
)=iSTrlog( )- nZ:;‘n {(
2
_ST”Og &
’ (¢CD) =%e llhard

i
:ESTrIog(K—X)har

[ I 1
d :ESTrIOgK‘hard_EnZ:;H

Xiaochuan Lu, UO

1 2U)
P2 _ M

)

hard
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iSTrlog(P*~M? -U)=iSTrlog(P* - Mz)_iim{( P 1'\/'
n=1 B

2

jd“x L£000) — ESTrIog —5 Suv

(¢ CD) =0, hard
Cohen, XL, Zhang, L _ _ L _i N 1
aXiv: 201102488 = STrlog(K - X)) = > STrlogK]| > nZ:;‘ : STr

o%+m’+=

5(¢’(D) D=, 52+|\/|2+§ ’




iSTrlog(P? -

jd“x L£000) — ESTrIog —5 Suv

Cohen, XL, Zhang,
arXiv: 2011.02484

i i 1 1Y
:ESTrIog(K—X)hard :ESTrIOQ Kl e ZST{(KXJ }

M?-U)=iSTrlog(P® - Mz)—iliSTrKPZ_lMZU)n}

n=1 n

2

(¢ (D) D=, hard

27N

Focusing on relativistic EFTSs:

Ki=<P-m

S

%Sy,
5(4, @)

02/08/2021 LPCC EFT WG

—n (p2 _

(spin - 0)
(spin - 1/2)
m?) (spin - 1)
) 0 +m’ +%¢2
D=0, 02+ M2+ 42
2
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iSTrlog(P?~M?-U)=iSTrlog(P* - Mz)—iiiSTrKPz 1M2Uj }
n=1 -

5°S,,
dtx £ — LgTrog) 0 Suv
.[ X Logpr 5 riog (¢q))

D=, hard

Cohen, XL, Zhang, _ | B i Gl 1,Y
arxiv: 201102484~ 5 911 109(K = X)) =7 STrlogK],, 2; " ST{( Xj }

Focusing on relativistic EFTSs:

P2 (spin - 0)
K ={P-m (spin-1/2) , X, =U;+PZy+Z/'P,+O(P})
—n*" (P?—m?) (spin-1)

S

A
0°+m’ +=¢°
_ 5°Syy 2¢

5(¢’(D)2 D=, 52+|\/|2+§ ’
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. 2 w2 i 2 2_°o£- 1 n
iSTrlog(P?—~M?-U)=iSTrlog(P* - M?) ;n'STr[(Pz—MZU”

2

jd“x L£000) — ESTrIog —5 Suv

5(¢. @) | . Log-type
Cohen, XL, Zhang, _ | B d vl 1,Y
arxiv: 201102488 = 3 STrlog(K - X)) =(=STrlogK|_, ZHZ:;‘n STrlZ(K Xj }
hard
Focusing on relativistic EFTSs:
P2’ (spin - 0)
K ={P-m (spin-1/2) , X, =U;+PZy+Z/'P,+O(P})
—n*" (P?—m?) (spin-1)
2 2 i 2
i 5S,, ) o +m +2¢
5(4.0) D=0, 0* + M2+ E g2
2
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. 2 w2 i 2 2_°O£- 1 n
iSTrlog(P?—~M?-U)=iSTrlog(P* - M?) nZ;n'ST{(PZ MZU”

jd4X L(ElF—IToop) _ IESTrIOg {é‘SUV

Cohen, XL, Zhang, _ | -
arxiv: 2011 02481 — 5 S1r10g(K—X)

hard

Focusing on relativistic EFTSs:

-

P?—m’ (spin - 0)
K ={P-m (spin-1/2) , X, =U;+PZy+Z/'P,+O(P})
—n*" (P?—m?) (spin-1)

"

A
0°+m’ +=¢°
_ 5°Syy _ 2¢

5(¢’(D)2 D=, 82+M2+§ ’
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Power-type:

]
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Power-type:

]
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Power-type:

Listrl [ Ly st Lx. Ly oty
K Ki Ki 2l K| nh
hard 1 2 n hard
1
2 7 =4,
1 ) P*—m
K, L _,
P—-m

02/08/2021 LPCC EFT WG Xiaochuan Lu, UO 48



Power-type:

]

02/08/2021 LPCC EFT WG

1

h

Xij :Uij — PﬂZU%‘ +7Z

X ~(

=—iSTr| =X, =X, ==X,
. K 12 K 2'3

PP, JUy(

H H

Xiaochuan Lu, UO

Z/'P +O

ij o ou

P ...

Vi

P

Vm

(PY)

)

Covariant graphs:

(77

Fin

i3
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—iSTr[ f]

o f=[---(Pﬂl--'Pﬂn)(Ai orAi)(pvl...me)Uk...]

Power-type:

]

=—1STr ix“ ixii ...ix”
hard K 12 233 K nl1

h I i

1 ) P2 —m? = A, Xi =U; —I—PﬂZiJf‘-|-ZJ%‘P# +O(Pﬂz>
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~iSTr[ ]| f:[---(Pﬂl---Pﬂn)(Ai or A,)(P, P, )U, ]
Power-type:
_isw[(ixﬂ :_m{ix“ 1y ix]
K Ki v Ki B Ki "
hard 1 2 n hard
L A
. 4P2_m5= i X;=U; +PZi+Z}P,+O(P?)
K. 1 _A ’ xij..(pﬂl...pﬂn)uk(pV1...me)
P—-m

Log-type: can be converted into power-type

1

I\a/lz[iSTrIog(PZ—MZ)]:—iSTr(PZ_sz , %[iSTrIog(P—M)Jz—iSTr(P1Mj
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—iSTr[ f]

o f=[---(Pﬂl--'Pﬂn)(Ai orAi)(le...me)Uk...]

Power-type:  Any functional supertrace can be evaluated with CDE
—iSTr[(ixj} =—iSTr(iX” ixn ...ix”] Covariant graphs:
K K 1'2 K 2'3 K n'l

h I Ih

sl
hard hard Fin

1 ) Pmeiz = A, Xi =U; —I—PﬂZiJf‘-|-ZJ%‘P# +O(Pﬂz>

Log-type: can be converted into power-type

0 [isTrIog(Pz—MZ)]:—iSTr(PZ_lej , %[iSTrIog(P—M)J:—iSTr(P1Mj

M2
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The scope of STFTEAM: Cohen, XL, Zhang, arXiv: 2012.07851

—iSTr[ f]

o f=[---(Pﬂl--'Pﬂn)(Ai orAi)(le...me)Uk...]

Power-type:  Any functional supertrace can be evaluated with CDE

st (L) | —ismf 2, L
K K 12 n'l

K. inis K.

Covariant graphs:

hard h Iy in hard ptn
1 ) Pmeiz = A, Xi=U;+P,Zy +ZJ%‘|D# +O(Pﬂz>
) P—lm =4 | Xij ~(Pﬂl.”Pﬂn)Uk(Pvl‘”Pvm) | “i:lS

Log-type: can be converted into power-type

0 [isTrIog(Pz—MZ)]:—iSTr(PZ_lej , GiM[iSTrlog(P—M)]z—iSTr(P1Mj

M2
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—iST{—Zl ZUF]}
P —m;

02/08/2021 LPCC EFT WG

STrEAM.m and STrEAM_examples.nb

https://github.com/EFTMatching/STrEAM

2
= [d‘x Lot m2(1-10g™ U, 41 F
167 U 12m; “

hard

Xiaochuan Lu, UO

F*"U, + O(dim-8)
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—I ST{

2

02/08/2021 LPCC EFT WG

STrEAM.m and STrEAM_examples.nb

1 2Ul[z]}
P —m;

https://github.com/EFTMatching/STrEAM

1
- '[d4x 167

hard 2 ml

m? 1
] t{ml2 (1— Iogﬂ—lzj U, +1—2FW

Xiaochuan Lu, UO

F*"U, + O(dim-8)
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STrEAM.m and STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

—iST{ 21 ZUF]}
P —m;

2
:J'd4x 1 tr mlz(l_logm_lz U1+%FWFWU1+O(dim_8)
- 167z i 12m

n[2]:= SuperTrace[6, {A;, U;}, Udimlist » {2}, display - True]

~isTr[ Ur] |hard = |d*x tr{
P? —m] ora = | 16 7?
f m2 .
—L—1+Log[%} m? (Us) (dim-2)
1 -
2 (Fugyip) (Fug,uy) (Un) (dim-6)
1
2
m3 5 1
ouz= {{{{-[-1+vog| || m}}, ceuny, 2h {{{=5 1] (Rt (Fui)s U133, 61}
L 12 m]
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STrEAM.m and STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

—iST{ 21 ZUF]}
P —m;

2
:J'd4x 1 tr mlz(l_logm_lz U1+%FWFWU1+O(dim_8)
- 167z i 12m

n[2]:= SuperTrace[6, {A;, U;}, Udimlist » {2}, display - True]

~isTr[ Ur] |hard = |d*x tr{
P? —m] ora = | 16 7?
f m2 .
—L—1+Log[%} m? (Us) (dim-2)
1 -
2 (Fugyip) (Fug,uy) (Un) (dim-6)
1
2
m3 5 1
ouz= {{{{-[-1+vog| || m}}, ceuny, 2h {{{=5 1] (Rt (Fui)s U133, 61}
L 12 m]
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STrEAM.m and STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

—iST{ 21 ZUF]}
P —m; .

2
:J'd4x 1 tr mlz(l_logm_lz U1+%FWFWU1+O(dim_8)
- 167z i 12m

In[2}= SuperTrace[6, {A;, U;}, Udimlist - {2}, display -» True]

~isTr[ Ur] |hard = |d*x tr{
P? —m] ora = | 16 7?
f m2 .
—L—1+Log[%} m? (Us) (dim-2)
1 -
2 (Fugyip) (Fug,uy) (Un) (dim-6)
1
2
m3 5 1
ouz= {{{{-[-1+vog| || m}}, ceuny, 2h {{{=5 1] (Rt (Fui)s U133, 61}
L 12 m]
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STrEAM.m and STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

2
—iST{ 21 Zul[ﬂ = [d*x 12t{mf(1—|ogm—12jul+i2FWFWul+O(dim-s)
P —m; sy 167 Y7 12m;

In[2}= SuperTrace[6, {A;, U;}, Udimlist - {2}, display -» True]

~isTr[ Ur] |hard = |d*x tr{
P? —m] ora = | 16 7?
f m2 .
—L—1+Log[%} m? (Us) (dim-2)
1 -
2 (Fugyip) (Fug,uy) (Un) (dim-6)
1
2
m3 5 1
ouz= {{{{-[-1+vog| || m}}, ceuny, 2h {{{=5 1] (Rt (Fui)s U133, 61}
L 12 m]
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STrEAM.m and STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

—iST{ 21 2U1[2]—‘
P —m;

_ (déx—t 2(1_1og™ L F E*U 4 O(dim-8
i __[ X———tr| m/| 1- og? U,+—F,F"U +0O(dim-8)
hard

167 12m;
dimension
truncation

In[2):= SuperTrac{Al, U:}, Udimlist -» {2}, display - True]

_iSTr[Pz_m%ul] hard = |d*x — tr{
f 2
—L—1+Log[:—ﬂ m? (Us) (dim-2)
121m% (Fiq,up) (Fuy,uy) (U) (dim-6)
}
outzl= {{{{(1Log[2—i mlhs (1), 2}, {{{121"]2}}, ({(Fugsigds (Fupip}s (U1}}, 6}}
1
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massless (covariant) propagator

1 1 5 1
2 2 2 Pﬂzﬂ[] 3

: 1
—1STr —U[l]—
-m? ' PP-m’ > P2_m?

ul

hard

in[7= SuperTrace[6, {A;, U;, Ay, P, ZV Us, Ay, Uy}, Udimlist - {1, 1, 2, 1}, display —» True];

~isTr][ ! Uy . Pvz‘,iu3 Ua] |hard = |d*x tr{
P2 -m? " pP?-m? P2 P2 -m 16 12
3-2 Log[ﬁ] .
2 (Ur) (Zy) (PuyUs) (Ug) (dim-6)
am}
3-2 Log[ﬁ] .
2 (Ur) (PuyZuy) (Us) (Ug) (dim-6)
2m}
5-2 Log[ﬁ] )
2 (PuyUa) (Zuy) (Us) (Ua) (dim-6)
4mi
}
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derivative interaction

_isTr ;Umﬂm 21
PZ—m? ' P?—m’ > P2_m?

massless (covariant) propagator

[1]

4
hard

in[7= SuperTrace[6, {A;, U, Az‘ . Us, Ay, Uy}, Udimlist - {1, 1, 2, 1}, display —» True];

1 1

_iSTr| U .z, 1 U, ~Us] [hard = |d*x
PP-m? PP-md  p? -m a =J
2
3-2 Log[m—l] .
2 (Ur) (Zy) (PuyUs) (Ug) (dim-6)
am}
3- 2Log[ﬁ] .
u? (Ur) (PuyZuy) (Us) (Ug) (dim-6)
2m}
5- 2Log[ﬁ] )
2 (PuyUa) (Zuy) (Us) (Ua) (dim-6)
4mi
1
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fermionic (covariant) propagator

gty 1 1 oyt yE)e % yl
P?—m’ P?—m P*—m; o

3 3
In[8]:= SuperTrace[G, {A;, Uy, A5, U2 Us, A,, Us}, Udimlist » {1, E, E, 1}, display » True];

iSTr| T TR N IO ] = [d* tr{
-151Ir hard X r
P2 _m2 p2_md ‘pslash p_m '™ 16 12
3-2 Log[ﬁ] .
2 (U1) (Up) (Poy ¥,y Us) (Ua) (dim-6)
amj
1 -
E (Up) (P Uz) (v Us) (Ug) (dim-6)
5-2 Log[ﬁ] .
2 (P U1) (Uy) (v Us) (Ug) (dim-6)
amf
}
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Log-type

o T. : 1 0 r. : 1
7| iSTrlog(P? —m}) |=-iSTr| ——— —[iSTrlog(P-m,)]=~iSTr
om; P —m; om, P-m
In3]:= SuperTrace[6, {A;}, display - True]; in[4]= SuperTrace[6, {A;}, NoyinU - True, display - True];
1 1
—isTr = [d*x tr —istr[ = [d*x tr
[P2 - m% ] |har'd J 16 }Tz { [Pslash “m, ] |har‘d J 16 }Tz {
1 .
121"1% (FHIJHZ) (Fﬂl,ﬂz) (dim—4) a (Ful,,[.{z) (F,L{l,,uz) (dlm—4)
gta:jmfll (Fug,up) (Fug,us) (Fup,us) (dim-6) " o0 m3 (Fug,ua) (Fug,uz) (Fup,ug) (dim-6)
1 -
ﬁglmfll (PugPuyFup,uz) (Fug,us) (dim-6) 15m3 (PuyPuyFus,uz) (Fug,us) (dim-6)
1 t
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Summary

» EFT matching is systematically solved by functional methods at
tree and one-loop level
» A new way of organizing functional supertrace evaluation

--- step-by-step prescription in Sec. 5 of arXiv: 2011.02484

» A Mathematica package that automates supertrace evaluation

--- Manual in arXiv: 2012.07851
--- STTEAM.m  https://github.com/EFTMatching/STrEAM

02/08/2021 LPCC EFT WG Xiaochuan Lu, UO

65



