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A Calculator of Functional Supertraces
for One-Loop EFT Matching
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Matching weakly coupled theorie

EJ\
m Needed to study NP impact on flavor physics.

NP m Computations are tedious and time-consuming.
m Functional matching is suited for computer

[ Matching implementations.
See also the next talk by X. Lu (Cohen, Lu, Zhang [2012.07851])
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Matching weakly coupled theorie

EJ\
m Needed to study NP impact on flavor physics.

NP m Computations are tedious and time-consuming.
m Functional matching is suited for computer

[ Matching implementations.
See also the next talk by X. Lu (Cohen, Lu, Zhang [2012.07851])
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Functional Matching

Tree-level matching using EoM of the heavy fields:

‘c‘(E?F)‘T () = ES)\)/ (7, (1))
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Functional Matching

Tree-level matching using EoM of the heavy fields:

‘C’(E‘?F)‘T () = ES)\)/ (7, (1))

Henning, Lu, Murayama [1412.1837]
Ellis, Quevillon, You, Zhang [1604.02445]
Angelescu, Huang [2006.16532]

eiFU\/[ﬁ] - /’Dn exp (Z'/ddx ,CUV[U + 77])

By saddle point approximation

Functional matching relies on

Ty = %STr In (A7 — X)

where

dij Ai_l(P, M;) — Xii(P, 1) =

A; is the kinetic piece and X;; the interaction term.
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Expansion by regions

Expansion by regions allows for directly identifying the EFT from the UV

quantum action: J. Fuentes-Martin, J. Portoles, P. Ruiz-Femenia [1607.02142], Z. Zhang [1610.00710]

1 _ M (1)
oy =Tuy nara T oy

(1) _ d (1)
soft ? FUV hard _/d x £EFT
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Expansion by regions

Expansion by regions allows for directly identifying the EFT from the UV

uantum aCtiOn: J. Fuentes-Martin, J. Portoles, P. Ruiz-Femenia [1607.02142], Z. Zhang [1610.00710]
q
1 _ p@® (1) (1) _ d (1)
FUV - FUV hard + FUV soft ? FUV hard _/d x £EFT
p2 ~ M2
(\ °cC / diz L3
(1)
i (qdy £
e e
p? ~ m2
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Covariant Derivative Expansion

The master formula for 1-loop matching: Cohen, Lu, Zhang [2011.02484]

/dda? Lo = % STr In A~}

i 1 .
rd_§;ESTr[(AX) ] hard

/

ha

Log term
Power-type terms
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Covariant Derivative Expansion

The master formula for 1-loop matching: Cohen, Lu, Zhang [2011.02484]

a5 ST

n=1

/ d%z L) = = STr In A7t

hard

Log term
Power-type terms

I

Open derivatives are closed with the CDE, e.g.
e Fop (pu + Pu) el = Pu+ 1 (N;,W oy

Gaillard '86, Chan '86, Cheyette '88
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SuperTracer work flow

EFT Lagrangia]
UV Lagrangian Fluctuation Operator (partially simplified)
I-\mc:o;al 52 2 Identification and
methods uv evaluation of v
_methods. 6, = D4, X, —sdmind, g
Z uv [”H’ ”L] g o, Jﬂ, ey supertraces (CDE) ['lL]
\ Tree-level matching _/
O = SuperTracer
Anders Eller Thomsen (Bern SuperTracer

EFT Lagrangian
(minimal basis)
Reduction of
redundant operators
Lequnant opernes (1) [,, |
bP, Fierz identities, 2
Field redefinitions, ...
EFT WG




SuperTracer work flow

EFT Lag‘rangia] EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)
Wnc:ﬂ;al 2.9 Identification and g Re:ucﬁon of
methods uv evaluation of . redundant operators
— 0;= - DALX, — (1) —_— (1)
Loy 1 61, 87; P pertraces (CDE) pr ] bP, Fierz identities, pr ]

Field redefinitions, ...

\ Tree-level matching _/

O =i SuperTracer

J

i) Construction of supertrace with A's given {X}
i) CDE of A and X and momentum derivatives

iv

)
)

iii) Dirac algebra simplifications
) Loop integrals in MS scheme
)

v) IbP simplifications
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Log terms in SuperTracer

Universal log terms:

LogTerm[T, 6]

4
6

m? 1 1
Log[;—ﬁ](ﬁ“v** G+ S @

DG % D,G* + % i M—lﬁew *% G 5% GIP

LogTerm[&, {8}]

19 2-D’G"° «« D’G"® 101 =D°D,G"° % D,G°° 89 i —=D,G* « D,G* %« G'°
" "H "y

33600 - 16 800 * 3600 -
97 1 MLADMDVG“’ *xx G*% %% G°° 971 MLADMDVG“’ % G xx G*° 157 MLAGW xx GY° xx G°° xx G¥©
H H H

12600 * 12600 * 12600 B

2 G ek O 6k 6

37 P4%,@”MGDC’MGWMGW 19 P4LA,GWMGDC’MGWMGW
H H
315 M4 1400 - 2520

1
LY D 5 1r|LogTerm[V, 6]
167
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Generic power-type terms

Simple input, e.g. —iSTr{ Ay X7 Ax X5
p p g —3 WA AU
(Kinematics determined by field types)

STrTerm[ {X[{Z, A}, 5/2], X[{A, 2}, 5/2]}, 6]

1.
=i

o i =z
3+2 Log[M—Z] Y xx DXgiAg wr Xy 5 (1 Log[M—z] MHXg, Ay * XA g
'H H
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Generic power-type terms

Simple input, e.g. —%STr {A\p Xl[;ff] Ay ij(lf]}:
(Kinematics determined by field types)

STrTerm[ {X[{Z, A}, 5/2], X[{A, 2}, 5/2]}, 6]

—2
o

1+ Log[M—z]] MHXg A * XA2;
H

=2
3 +2Logm—zun #+DXg Ay * Xps2; +
'H

But simplifications limited /impossible in generic expressions:

STrTerm[{X[{Z, ¥}, 11, X[{¥, T}, 1]}, 6]

1 i
5-6 Log[ ]]n £ DD, Xy s *# ¥y +5 Xy + Taa [75 -6 Log[@] Vi ww DD Xy +x ¥y wx Xz +

144
1 i 1 2 Ly

s —S—SLOg[@] Vi xx DKy ok i 4k Xy + 2 if1+2L0g| H} Tiavp wx 6w Xy s v Yo wx Xy, +
1. 7> 11

=1 (3+2Log[@] Vi wx Xy # T e 672 x Xy + e £ DD s wx Vo #x Xz +

Lz *% D,D,D?X xx Yy ok X, 1 DD wx Yy ok X

a8 Tyy5 % Vv x Xy, + 96 e, Ty ** Y x Xy +

Lal G wx D,D X X Doal G wx D,D,X X

QGIM?_‘Y“** wx DyDoXg, s * % Yp % wjgj+321MﬁYH** *% DDy Xy s % Yo *% Xys@; —

Doq 8 G wx D,D,X X D g & G wx D,D,X X

Bk Mﬁyu** ** DDy X, s wx Wp xx Xy, ~ oo d Mﬁyu** wx DyD X, g x % Vo +x Xy +

Dog X D,D,G"° X Dg X D,D,G“° X

961M'2_|Y“** ;5 ** DuDy/ kYo Kk wj%—gslmﬁyu** ;45 ** DDy oYy kx Xyp; =

1. 1

il v .1 9
T2 1 v DuG™® wx Dy X %% Yo *x Xirews + 2= A S yu %% DXL %% DVGTP sk vo wx Xy +

+[71 terms]

Anders Eller Thomsen (Bern SuperTracer EFT WG




Toy model with vector-like fermic

Toy model:

L=~ LR + L (0°6)(0,0)
+pilpy+ V() — M)W
— (yfg/_JL oVp+ h.c.) + Le
m Determine fields:

o= (v v), me=(v w)

m Derive interaction terms:

yPR 0
0 y"Pp

m Determine EoM of heavy fields
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Toy model with vector-like ferm

Toy model:
1

1
E = — MVF,U/V + 5(8M¢) (8;L¢) AddField[61, 6] (+ Light scalar «)

4 AddField[yl, ¥, e[1]] (+ Light fermion x)
- . = . AddField[yh, T, e[1]] (sHeavy fermions)
Y G+ VD — M)W
i (2, A} » ({-e ¥[al3]] ++¥h[1}, (e ¥[al3]] +» CConj[4h[11}},
(A, 2) > ({-eBar[¥h[]] =+ ¥[a[i]], e CConj[Bar (¥h[11] x»¥[alil]}},
- (y wL ¢ ‘IIR + hC) + E{ W A} > ({-e ¥[al3]] == ¥111}, (e ¥[al3]] *x CCon3(¥1L11}},
(A, ¥} > ({-eBar(W1[1] ++¥[ali]], e CCon3[Bar [W1[1]] +» ¥ alil1}},
. . (¥, ) > ({y PR, 0}, (8, Bar[y] PL}} *x61(],
m Determine fields: (2, ¥) » {{Bar[y] PL, 8}, (0, y PR}) »x 611,
(¥, ) > {(y PR=x h[1}, (Bar[y] PL«x CConj[¥h[11}},
(9, ¥} > {{Bar[y] Bar [h[]] + PL, y CConj [Bar [4h[]]] + PR},
{@, ¢} » {{Bar[y] PL+x y1[1}, {yPR*» CConj[¥1[]]1}},

Ny = (’L/J ’(/JC> s, Nw = (\I/ \I/C) (6, 2} » ({yBar[¥1[]] »x PR, Bar[y] CConj [Bar [¥1[]1] x» PL}}

¥
Msubs = {M[Z] - {Myh, Myh}};
. . . Gsubs =
m Derive interaction terms: son- (01,
Ges o ({1},
Gey - {{e[1]}, {e[-1]}},
Gee - {{e[1]}, {e[-1]}}
X y Pr 0 s
YU = « (b, e subs = Join[Xsubs, Msubs, Gsubs];
0 Yy PL
m Determine EoM of heavy fields
Anders Eller Thomsen (Bern U SuperTracer EFT WG




Toy model with vector-like fermi

With a specific model, great simplification of terms can be achieved:

STrTerm[ {X[{Z, ¥}, 11, X[{¥, 2}, 1]}, 6, subs]

2

LYY q2(pun2, 1YY 2n2 2 7( 73 ) 2 1 7(
= 1< (F = 1D°D“¢1l - 2 Myh 1+L 1< - = 1+2L
3 ol (Fe)? e 5 o1 00701 2muntyy (1 v Log[ o | 617 - 3 vy (142 Log

y 2§
Myh?

] )qbl D2p1
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Toy model with vector-like fe

With a specific model, great simplification of terms can be achieved:

STrTerm[ {X[{Z, ¥}, 11, X[{¥, 2}, 1]}, 6, subs]

1 VY 2 wyz 1 Yy 22 2 7[ ' ) 2 1 ,( '
= 1< (F = 1D°D“¢1l - 2 Myh 1+L 1< - = 1+2L
3 ol (Fe)? e 5 o1 0i0%el —2Muntyy (14 Log| s | 617 - 5 vy (14 2 Log[ o

] )q;l D2p1

To easily determine the full £{2, SuperTracer can derive all relevant
power-type terms:

Xterms = {X[{®, A}s 5/2], X[{¥5 A}, 3/2], X[{¥, @}, 1], X[{¥,s ¢} 7/2], X[{Z,s &}, 3/2]};
LagPower = PowerTerms [Xterms, 6]

sTr{xga”» Xz }] + STe[{Xgs" s X6 }] + STr[ {Xgy» Xya}] +

s (XA, Xy, X)) » e[ (Bgs X X))+ stol (i X557 )] -
STr[{XG)> X5a s Xog 1] +sTe[ x50, x5, xBi%, x5 ] +

STr [ {XBgs XGA™ s Xy s Xga} ] + STR[{XE)s Xjas Xgp > Xpe }] +

{

1] 1 1] 1] 1] 1] 1] 1] 1] 1]
STr[{Xgys Xyzs Xoys Xyzt] + STr[{Xgys Xyzs Xpys Xyzs Xy Xyz ]
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Toy model with vector-like fer

Full determination of Lipr, with 7y (n.):

LagPower /. STr@x_ :» STrTerm[x, 6, subsEOM] // SuperSimplify

h? Myh? 18 Myh?

% Y412 (Fe“")2+% YY 12510261 + 22 YV b Y UT ww Py ws vl +

”ﬁ sox YuPL %k DU —

1 L — 1. yy — 1
5 y: i Wl**YHPL**DVW].fE]lM)Lzz PL**DuDlwl’Z
13 ly y 2 2 7 a 2

= L 1% - 2 Myh
o Mwhld) D61 + v’y Log| Ll e uh’y'y
ly)’/(ldrzLog{ H¢lD2¢l+—1yy(3+2Log{
2 wh?

2 2

PG Al Chanii v P U o il e Fvea )
2 Myh? M YuPL 2

>Fe™® UL %% Ty pPy %% Dyl +

Zljor-

12 UL %% yuPL *% DYl
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Toy model with vector-like fe

Full determination of Lipr, with 7y (n.):

LagPower /. STr@x_ :» STrTerm[x, 6, subsEOM] // SuperSimplify

1 Y .42 w2 1 Yy o 2 1 yy v
3 fie 561% (Fe) - MthD #LD’¢1 + 1o MthD Fe Y UT xx w, P oxx 01 +

1 v 1. — 1 ¥y _ vo—
L y: T axvuPLex D1 - 2 Mwh2 PL+xDDWL- o MﬁzFe © U 5% TyypPy %% DUl +
B d; D2pl +ly373¢15— vy Log{ i }cbl" 2Myh’yy 1+Log[ 2 ”(1)12,
18 Mu/h2 3 Myh? Myh Myh?
1 2 2 2 1)
Ey7(1+2Log{ n H¢lD¢l+—1yy(3+2Log{ whz})wl**‘{uPL**DuL’/jl—
Z Z
1‘yy (5+4Log{ }) 1‘yy (5+4Log{ 2” o
T b2 1) 1 D¢ TT v Py xx 4L = = a— MW=L 512 GT « v, Py += Dyl

Example of scalar leptoquark extension of SM included with the
installation.

[ SuperTracer can also deal with realistic models]
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m Functional matching tools can greatly simplify the matching
procedure: SuperTracer and STrEAM (see next talk by X. Lu).

m Fully automated matching packages are the next step.
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m Functional matching tools can greatly simplify the matching
procedure: SuperTracer and STrEAM (see next talk by X. Lu).

m Fully automated matching packages are the next step.

Matching Efective Theories Efficiently:

‘ EFT Lagrangian EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)
Functional 523 Identification and Reduction of

methods uv evaluation of 0 redundant operators

— = = DALY, —m—— 1) —- ( 1)
'?U v [”H’ ”L] Y ;6 ey supertraces (CDE) gEFT [”L] IbP, Fierz identities, [nL]

Field redefinitions, ...

EOM iy,

=i
\ Tree-level matching _/
SuperTracer

.
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