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Top-down Effective Field Theories

E
Zpsn (P> Vs
AUV ......................................................................................................................................................
Zsmerr |Ps| = Lsw |ds] + Z C,0; |¢s]
l
Wilson coefficients encode
effects from physics above Ayy
e
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Top-down Effective Field Theories

RGE (running) Cl(E) Wilson coefﬁci.ents encode
effects from physics above Ayy
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Top-down Effective Field Theories

E Why use EFTs instead of
the full UV theory?

2 BS?T L(PH, /’JJ # SMEFT coefficients can directly be
compared to experimental results with

...................................................................................................................................................... rograms like smelli.
AUV : PIoS

Z SMEFT [¢S] =7 SM [¢S] + Z Ci Oi [¢S] # lsolate relevant degrees of freedom at a
; specific scale by expanding in inverse
powers of the heavy scale.

- Wil fficients encod

RGE (running) Cz(E) effecltsscf)rnorfqogh;csliirs] ngjsi # Resum large logarithms from widely

v uv separated scales.

Dy

Two ways of matching:

b + LEFT Functional methods Diagrammatically

L'gpr = Lyy Herr ~ A yy
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One-loop matching

Some effects only appear at one-loop: U~ (3,1)y

Tree-level matching

1-loop matching
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my >> m; by equating the effective action I';y & I'ggy

heavy d.o.f/ N light d.o.f ‘\/
defined by el vVl =
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my >> m; by equating the effective action I';y & I'ggy

heavy d.o.f/ N light d.o.f ‘\/
defined by el vVl =

Method:
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my >> m; by equating the effective action I';y & I'ggy

heavy d.o.f/ N light d.o.f ‘\/
defined by el vVl =

Method:

1.Split fields 1
P = ﬂ\-l: 1~ quantum fluctuation

background field
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my > m; by equating the effective action I';y & I'ggy
heavy d.o.f/ N light d.o.f ‘\/ . .
' i Dyylin]l — | gd ~
Method: defined by e | Dn exp (zu dx Lyl + 77])

1.Split fields 1
P = ﬂ\-l: 1~ quantum fluctuation

background field
. A 18Py 3
2. Expand Lagrangian Zyli + 1] = ZLyylil + =ii; n;+ O0°)
n=ij
tree level one-loop
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my > m; by equating the effective action I';y & I'ggy
heavy d.o.f/ N light d.o.f ‘\/ . .
' i Dyylin]l — | gd ~
Method: defined by e | Dn exp (zu dx Lyl + 77])

1.Split fields 1
P = ﬂ\-l: 1~ quantum fluctuation

background field

Fluctuation operator

~1
° 1 523 / N @.. : 5..A. — ..\
2. Expand Lagrangian Zyyli + 5l = Lyl + =f————|  n;+ O(°) gy \ i

2" on;on;i | inverse propagator
n=i

particle interactions

tree level one-loop
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my > m; by equating the effective action I';y & I'ggy
heavy d.o.f/ N light d.o.f ‘\/ . .
' i Dyylin]l — | gd ~
Method: defined by e | Dn exp (zu dx Lyl + 77])

1.5plit fields n — 71 +

\ T\ quantum fluctuation Fluctuation operator

background field , P 6. = 5.A"1 — —
: 1_ o0& /G ) ] ticle interacti
2. Expand Lagrangian Zyli + 1l = Zyvlil + =i, uv 1+ O0r°) ] ] \ J T particle interactions
2 on;on A Inverse propagator
n=i
tree level one-loop

3. Perform Gaussian integral and use expansion by regions to identity Lggr :

]
eIV = = (SDet @)_7 = F(l}%/ = ESTr In ® and Taylor expand in power counting as AX ~ Hl
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Functional matching procedure

Goal: match Z[n, n;1to Lrprln, ], my > m; by equating the effective action I';y & I'ggy
heavy d.o.f/ N light d.o.f ‘\/ . .
' i Dyylin]l — | gd ~
Method: defined by e | Dn exp (zu dx Lyl + 77])

1.Split fields 1
P = ﬂ\-l: 1~ quantum fluctuation

background field

Fluctuation operator

~1
. 1_ 6% — 0= 0 — X~
2. Expand Lagrangian Zyli + 1l = Zyvlil + =i, — i+ O() l

2 on;on A \ Inverse propagator
n=i

particle interactions

tree level one-loop

3. Perform Gaussian integral and use expansion by regions to identity Lggr :

]
eIV = = (SDet @)_7 = F(l}%/ = ESTr In ® and Taylor expand in power counting as AX ~ Hl

: tree level g‘(EOlgT = L vl 15(7;)] where we replace 7 by its EOM

i i1

;? _ ddx AR F(l) =—STrinA~!| —— STr AX)"

7: one |OOp J EET hard 2 hard 2 [( ) ] hard
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Functional matching procedure

T T~
l l
Jddx L ==STrlnA~Y|  —{= » —STr [(AX)"|
qz I'hard |12 _ln |'hard
- y, . _ _
log-type supertrace power-type supertrace

e model-independent e depend on interaction terms
e depend on propagator type

Advantages of functional matching:

# EFT operators are automatically generated — no prerequisite knowledge of the EFT basis needed

% very systematic method — well suited for an algorithmic approach

# manifestly gauge covariant computations
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Presentation of the program

Mathematica program

EFT Lagrangian EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)

Functional
methods

Loy g —> %

e Reduction of
2 Identification and
0°ZL v

evaluation of

on; on,; supertraces (CDE) L IbP, Fierz identities, EF

nm=n Field redefinitions, ...
\ Tree-level matching / = ¥ B = g
com - Bgfsieful
I FINMNLETY
User-friendly input > Supertraces > Reduction to a basis
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Toy-model: heavy vector-like fermion

n@l= | << Matchete® Deﬁne mOdGIZ

\ FIATCHETE |\

n5= | (» define gauge groups x)

DefineGaugeGroup[Ule, U[1l], e, A]

nel:=| (» define field content x)

DefineField[&, Fermion, Charges -» {Ule[1l]}, Mass -» Heavy]
DefineField[¢, Fermion, Charges » {Ule[l]}, Mass - 0]
DefineField[¢, Scalar, Mass » 0, SelfConjugate -» True]

mnEl= | (» define couplings x)

DefineCoupling[y, EFTorder - 0]

nf10:= | (* write interaction Lagrangian x)
Lint = -y[] “Bar[¢¥[]] ** PR %% &[] ¢[] // PlusHc;

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12])//NiceForm=

_EAuv2+l

. > (Dud)>2+j (¥ - yu - D) +1i (T vy -Dy®) -M2 (T-2@) -y (J-Pr-T) -y (T-PL-Y)
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Toy-model: heavy vector-like fermion

n@l= | << Matchete® Deﬁne mOdGIZ

\ FIATCAETE |\
1) Define gauge groups:

ns= | (+ define gauge groups «) U(1), with gauge field A,
DefineGaugeGroup[Ule, U[1l], e, A]

nel:=| (» define field content x)

DefineField[&, Fermion, Charges -» {Ule[1l]}, Mass -» Heavy]
DefineField[¢, Fermion, Charges » {Ule[l]}, Mass - 0]
DefineField[¢, Scalar, Mass -» 0, SelfConjugate -» True]

mnEl= | (» define couplings x)

DefineCoupling[y, EFTorder - 0]

nf10:= | (* write interaction Lagrangian x)
Lint = -y[] ~Bar[¢[]] ** PR % @[] ¢[] // PlusHc;

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12]//NiceForm=

_EAuv2+l

- - (Dud)>2+j (¥ vy -Du¥) +i (T-yu -D,E) -MT (T-T) -y (§-Pr-T) -y (T-PL-Y)
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Toy-model: heavy vector-like fermion

n@l= | << Matchete® Deﬁne mOdGIZ

\ FIATCAETE |\
1) Define gauge groups:

ns= | (+ define gauge groups «) U(1), with gauge field A,
DefineGaugeGroup[Ule, U[1l], e, A]

2) Define field content:
¥ heavy fermion with charge 1

nel:=| (» define field content x)

DefineField[&, Fermion, Charges -» {Ule[1l]}, Mass -» Heavy]

DefineField[y, Fermion, Charges - {Ule[1]}, Mass - 0] w massless fermion with charge 1
DefineField[¢, Scalar, Mass -» 0, SelfConjugate -» True] ¢ massless real scalar
mnEl= | (» define couplings x)

DefineCoupling[y, EFTorder - 0]

nf10:= | (* write interaction Lagrangian x)
Lint = -y[] ~Bar[¢[]] ** PR % @[] ¢[] // PlusHc;

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12]//NiceForm=

_EAuv2+l

- - (Dud)>2+j (¥ vy -Du¥) +i (T-yu -D,E) -MT (T-T) -y (§-Pr-T) -y (T-PL-Y)
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Toy-model: heavy vector-like fermion

n3l:= | << Matchete’

\ FATCHETE L\

n5= | (» define gauge groups x)

DefineGaugeGroup[Ule, U[1l], e, A]

nel:=| (» define field content x)

DefineField[&, Fermion, Charges -» {Ule[1l]}, Mass -» Heavy]
DefineField[¢, Fermion, Charges » {Ule[l]}, Mass - 0]
DefineField[¢, Scalar, Mass -» 0, SelfConjugate -» True]

mnEl= | (» define couplings x)

DefineCoupling[y, EFTorder - 0]

nf10:= | (* write interaction Lagrangian x)
Lint = -y[] ~Bar[¢[]] ** PR % @[] ¢[] // PlusHc;

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12]//NiceForm=

_EAHVZ.;.l

; > (Dy¢)* +i (¥ -yu-Dud) +i (T-vu-D,2) -MZ(T-C) -y¢ (§-Pr-T) -y (T-PL-y)
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Define model:

1) Define gauge groups:
U(1), with gauge field A,

2) Define field content:
¥ heavy fermion with charge 1
w massless fermion with charge 1

¢ massless real scalar

3) Define couplings:
y Yukawa coupling of order @(mg)




Toy-model: heavy vector-like fermion

n@l= | << Matchete® Deﬁne mOdGIZ

\ FATCHETE L\

n5= | (» define gauge groups x)

1) Define gauge groups:
U(1), with gauge field A,

DefineGaugeGroup[Ule, U[1l], e, A]

2) Define field content:

ne]:= | (x define field content x)
DefineField[Z, Fermion, Charges -» {Ule[1]}, Mass -» Heavy] ¥ heavy fermion with Charge 1
DefineField[¢, Fermion, Charges » {Ule[l]}, Mass - 0] /4 massless fermion with Charge 1
DefineField[¢, Scalar, Mass -» 0, SelfConjugate -» True] ¢ massless real scalar

mnEl= | (» define couplings x)
DefineCoupling[y, EFTorder - 0] 3) Define couplings:

y Yukawa coupling of order O(m))

nf10:= | (* write interaction Lagrangian x)

Lint = -y[] “Bar[¢[]] **» PR** &[] ¢[] // PlusHc; 4) Write Lagrangian

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12]//NiceForm=

_EAHVZ.;.l

; > (Dy¢)* +i (¥ -yu-Dud) +i (T-vu-D,2) -MZ(T-C) -y¢ (§-Pr-T) -y (T-PL-y)
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Toy-model: heavy vector-like fermion

n@l= | << Matchete® Deﬁne mOdGIZ

\ FATCHETE L\

n5= | (» define gauge groups x)

1) Define gauge groups:
U(1), with gauge field A,

DefineGaugeGroup[Ule, U[1l], e, A]

2) Define field content:

ne]:= | (x define field content x)
DefineField[Z, Fermion, Charges -» {Ule[1]}, Mass -» Heavy] ¥ heavy fermion with Charge 1
DefineField[¢, Fermion, Charges » {Ule[l]}, Mass - 0] /4 massless fermion with Charge 1
DefineField[¢, Scalar, Mass -» 0, SelfConjugate -» True] ¢ massless real scalar

mnEl= | (» define couplings x)
DefineCoupling[y, EFTorder - 0] 3) Define couplings:

y Yukawa coupling of order O(m))

nf10:= | (* write interaction Lagrangian x)

Lint = -y[] “Bar[¢[]] **» PR** &[] ¢[] // PlusHc; 4) Write Lagrangian

Predefined models: SM, SMEFT...

Full Lagrangian

n[11}:= | (» combine with free Lagrangian x)
L = FreeLag[] + £1int;
L // NiceForm

Out[12]//NiceForm=

= AHV 2 +_E
4 2

(Dy¢)* +i (¥ -yu-Dud) +i (T-vu-D,2) -MZ(T-C) -y¢ (§-Pr-T) -y (T-PL-y)

Julie Pages — MATCHETE: Matching Effective Theories Efficiently — ICHEP 2022



In[15):=

Toy-model: heavy vector-like fermion

One-loop matching

LEFT1 = Match[£, LoopOrder » 1, EFTorder -» 6]
LEFT1 // NiceForm

Specity loop order:
0] 1

Out[16)//NiceForm= . .
. . . L, . ) . . o . . Specity EFT order:
_ = e 2 — (D,A"Y) s —ne’ — AYDAY+ —_ne? DDA A+ —_nhe’ — D,D,AVAC s —ne’ —_D,AYDAP+ — ne? — DAY DAY+
4 270 Mp2 20 Mo2 240 M2 240 Mo2 90 M2 270 Mo2 4 | 5 | 6 | 7 | 8
7 1 7 1 1 1 1 1 1 1 1
—ﬁez—A“’DDA“D 2 _—_ A" D,D, A" + —DDA“’A s+ —_ne’ —— D D A" AT -~ _ne? — DAY DAY + —_he’ — D, A" DAY’ -
240 Mo? 240 Mo2 120 Mo2 120 Mo? 135 Mo2 27 Mo?
1 1 1 1 1 1 1 1 1 1
— ne’ —A‘“DDA’D——he —A“’DDA’D-—he A“Y? Lo — |+ = (D)2 -2nyyMz? ol Z“hyy — 6 D*D*p-2nyyMz?¢? Log|m? — | -
= o2 = o2 oDy 5 g[ MQZ] > (Duo) yy 3BYY yy g[ M@z]

= hyy oD -hyy oD% Log[r® — |
2 Mz

6

L 1 5 i 1 - 3i
+1{w-n-0uw)——hyy?(w Yu PL - D“Dw)+ghyyﬁ{Dqu-nPL-w)+?nyy{w-nPL-Duw)+

i — . —2 3i — — — —e —2 1 —2 2 .4 —2 1 1 —3 1 13 —2 2 2 2

~ . yuPL - D ¥) Lo | -Z"n D7 -vyuPL-¥) - - h D% - yuPL-¥) Lo ~ | -n Lo ~ |+ Zn + — n —~_¢* (D

2 BYY (¥ vuPu-Duy) g|7 M@z] 5 BYY (Du¥-vuPL-¥) - - nyy (Du¥ - vuPL-y) g|7 MQZ] v y* ¢* Log| M@2]+3 VY oS¢ SRV Y 5 6% (Dus)*

— L p2 ¢ ¢° > hyye? — o° AHY? Y he . DA™Y (¥ - yu PL - ¥) L he ! DA™Y (¥ - yv PL - ¥) > heyy — A (¥ PL-D,¥)

- L — —_— L — —_— _— — - . 3 — S . . =

' ny’y* o 3 hYye 75 O == Yu PL e O = Yv PL S U == Yu P - D,

ifzeyyiA“"{E TyvpPL:D w)+1heyyiA“{D$-y PL-w)+£ﬁeyyiA‘“{D$-r PL-w)+i7yi¢>D¢>($-y PL-w)+i7yi¢2{$-y PL-Dy¥) -

8 M2 wre ? 6 M2 S 8 M2 er o THve M2 " . M2 . g

> py?y? — ¢* (¥-vyuPL D) -iny'y’ — ¢ (¥ - vuPL-Du¥) Log[ﬁz—]+5—lﬁy y? — ¢° (DU - yuPL-¥) +iny’y* — ¢ (Du¥ - vu P - ¥) Log[ﬁzi]

R M2 M2 Ma? . Ma? Ma? Ma?
Simplification

n(171= | LEFT1 // IBPSimplify // RelabellIndices // CollectTerms // HcSimplify // NiceForm DerfOrm
Out{17)//NiceForm=
13 1 \ .1 11 1 1 1 \ _ 1 1 1 1 1 1) .., 11 I
=" he® —_A“DA* s+ —ne* —_D,D,AYA® -~ ne? —_ D,ADA® -~ he? —_ DDA AP +i (F-y,- D)+ ~hyy — D*¢D%p+ |-~ - — he’ Log[a2 —] | A2 plifications
540 M2 45 M2 180 M2 540 M2 3 M2 4 3 Mo?
' 1 q) 1 1 (3 i 1 7Y ,—

—2 2 ,4 2 —  — 2

ny'y' o' Log[n® | +nyme’ [-2y-2yLog[p’ o [|67+ |J+ny|Jyeyiog[rt ]| eny |9+ yLog[E || (¥ vu Py DY) +

1 5 5 1 13 5, 5, 1 5 2 1 501 5, .. 4 1 L ) .

— h —¢ + —h —— D¢p” + — A e — ¢"A"" "+ —he — DAY (Y- yuPL-Y) - —he — A" (Y. T PL-D,y¥) +

T = e = Tt = g ReVY DA™ (F-vuPL-¥) - S ReYy (¢ - TuvoPL- DY)

1 1 _ ¢ 1 _ i 1 1 (5i 1 1)) _ \

e vV 2 . . VvV 2— —_ 2 . .
gﬁeny‘A {Dpw I"uyp PL d/) + —gﬁyyM—Qz' {D w Yv PL Dyd/) + MQZ +ﬁy MQ | y +1y Log[ Qz]] J ¢ D“w Y'u P|_ d/) +h.C.J
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Comparison between code and by hand

Matchete output:

(3 1 ] 1 o —
+hy ||Tl y+%7L0g[ﬁ2 E]l {W'Yu PL.D“d/)

Diagrammatic computation by hand:

% Define EFT basis £ = %p(aus@)(a“ ) = %mSOQ - %‘P4 - %FMVF“V + cytr(iD)Yr
(M~2)  C1 2 , ©C U 1C3 712
‘Ceff 2M2S0 SO | 4M2FNV F.U' 2M2 I:wD lDPLw—FhC]
Cyp€ —
| A}Q [F,gT"?P,D,t + h.c.] M2 " (0, F“”)@MMPLw
C ” C
2M2 'lp(p('llD)gOPL’(p 4']\742 %, 902 8M2 FHVF'u 902 6']\942 2
¢
(02 s Vo 3 21?2
# Compute amplitude in the full theor o0 — —Jyp A, + =4 b
P P AN, 8#“{( “T2) T 3Me
)

ay T
# Compute amplitude in the EFT and match Cyp = Q7 05 M2 ' 2
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Comparison between code and by hand

Matchete output:

+hy|"3—iy+i7Log[ﬂ2i]"| (¥« yu PL - DY) Full di -
4 2 mo? | H u lagrammatic

. , , calculation by hand
Diagrammatic computation by hand:

Corrections to:
e wave-function: 3 graphs

* Define EFT basis L") = Z(9,9)(0"¢) — 5* — 16" - S Fu " + cytbn (iD) « 3-point vertices: 11 graphs
(M—2) (G 2 , €2 y 1C3 9 o A i : .
b e et D = gy WDDRY b © 5 point vetices: 30 graphs
v \F,,yT*PPrD, + h.c.| M2 " (0, F*¥ )by, Prap * 6-point vertex: 5! graphs
PP EIPPLY + @0 — L Fu P + i S —
P | | after 3 weeks of computation

W JEEN W) 2 :
# Compute amplitude in the full theory +\>/+ — ZgﬂpPL { (A“ + g) | 32]@2} agree with program output
s

i v

2

Qy v 3
] L — v.s. ~ 30 s for the computer
= & (og M? 2) P

# Compute amplitude in the EFT and match
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Conclusion on the status

EFT Lagrangian EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)

Functional ) Reduction of
methods A UV A redundant operators
D .

— O;=—— i — 20 [n]
‘?U V ['IH ’ ”L] v 5']1 6’], . supertraces (CDE) L IbP, Fierz identities, EFT ”L
n=n Field redefinitions, ...

\ Tree-level matching / S i,. F E ﬁ

EOM -

Identification and
X.. evaluation of

!ﬁﬁsﬁﬂm‘ phindesinily
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Conclusion on the status

f v User-friendly interface to input Lagrangian \

v Tree-level matching

v GroupMagic: subpackage for handling and contraction of Clebsch-Gordon coetfficients

k Treatment of heavy vectors (gauge fixing and ghosts) J

EFT Lagrangian EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)
Functional bl Reduction of
2 Identification and
g [ ] methods 6. = P A Uv SA. X evaluation of redundant operators 1)
— 5 0;=—2Y BN ovestionof —— 20 [y
] l
Uv "H’ ”L 5’7} 6’], supertraces (CDE) L IbP, Fierz identities, EFT 'IL
n= Field redefinitions, ...
S e FrF 7Y F
~ i _/ Surcn
= IH

NTIATCAETE _|\\\_ e
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Conclusion on the status

f v User-friendly interface to input Lagrangian \

v Tree-level matching

v GroupMagic: subpackage for handling and contraction of Clebsch-Gordon coetfficients

k Treatment of heavy vectors (gauge fixing and ghosts) J

EFT Lagrangian EFT Lagrangian
UV Lagrangian Fluctuation Operator (partially simplified) (minimal basis)
Functional Bkl Reduction of
2 Identification and
g [ ] methods 6. — A Uv SA X evaluation of redundant operators 1)
:2 === - ' ’ > ﬁ g ( [ ]
— ] l )
Uv "H’ "L 5’7] 6’]‘ supertraces (CDE) L IbP, Fierz identities, EFT "L

":

\ Tree-level matching / 5 i" FE ﬁ

EOM — "H

NTIATCHETE |\

Field redefinitions, ...

/ v Integration by part \

Cield redefinitions

Kinetic diagonalization

K v Fierz identities (spinorial) and evanescent operatory
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Future prospects

Future features:

- Computation of EFT f-functions (RGE and evanescent operators)

- Interface with other codes: smelli, Flavio (WCxf) ... — phenomenology pipeline

- Generation of UFO files for Madgraph for UV theory or EFT

Long term features:

- Automatic spontaneous symmetry breaking

- Multi-scales matching and running
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Thank you for listening!

Any questions



Expansion by regions

Provides a method for scale separation in dimensional regularization: [Beneke, smimov, hep-ph/9711391; Jantzen, 1111.2589]

Cov = I'w + T

‘ ight field loc

No need to subtract non-local EFT contributions in only the hard part of the loop is considered
[Fuentes-Martin, Portolés, Ruiz-Femenia, 1607.02142]
p2 ~ M2

/ N /
/ -
/- \0\ C / d*z L1y

| RS

g

2

Cﬁ%ei fdte L

p? ~m
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https://arxiv.org/abs/hep-ph/9711391
https://arxiv.org/abs/1111.2589
https://arxiv.org/abs/1607.02142

Automation pipeline and tools

Procedure: Ydloned L)
1.Match UV theory to an EFT P ¥
2.Use RGE of the EFT to run to the scale of experiments R M»M > rm
- Possibly multiple matching steps W theory L, ('Zn"lﬁf'h)
3.Compare EFT to data — maédu’nj — u=M
VR . . —
= Variety of theories and complexity of computation EFT ‘KEFT('Z‘JI'ZL) RGE of EFT,
require automation ) N |
3 tehing ¥ i
of matc mg —_— /ac M
)
partial automation full automation 7
£ EFT,
STrEAM MatchingTools Matchmakereft GAIATiAr-MINW EFT £EFT,_('2L) RGE
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Patra [1808.04403] Thomsen, FW [2012.08506]
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