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Why do we need effective field theories?

EFT’s are perturbative (Taylor) expansions of a full theory

In QFT’s : Aa(d)
L

Operators of mass dimensiond > 4

[ |
4 ) é | )
Useful for finite Search for
precision computations new physics

. J \_ J
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Green’s basis and redundant operators

EFT Lagrangian : — £ 4 2‘ Ad —~ O(d)
d>4 i
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Green’s basis and redundant operators .

( )
d
EFTLagrangian: L = L) + 0( )
Ad —4
d>4 i
~ Valid operators -
Local operators
Finite number Integration ’ .
< Preserve the > of operators ’ by parts ’ Green’s basis
symmetries
g of the Lagrangian ) 1

Iy (o' Pp) = 0,p0" P + pa*¢
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Green’s basis and redundant operators

Green’s basis of the bosonic sector of the SMEFT

X3 X2H2 H2D4
O | fAPCGIGPGSH Oue GG (H'H) | Opy | (D,D'H)'(D,D"H)
@Eé fABC' Gﬂu GB"’GC“ GHE—‘ GA GApu ( H-t H) H4 DZ
Oy f”"-’WuwﬂpW"‘f»u O Wf Wi (HIH) | Opg (HtHO(HTH)
0 ef-”fwguw,;fﬂwgfﬂ D) Wj,,W"”"(H*H) Oup | (HID*H)'(H'D,H)
X*D* Oup B, B*(H'H) | Oyp | (H'H)(D,H)(D"H)
O?G _%(D GA#H}(DPGPU) OH§ BHVB#y(H%H) O?f (HTH)_‘E}‘#(HTZ “H)
Oow | —5(D W) (DPWL) | Opwp W" B (Hig! H) H*®
Osp | —3(0.B")(0"By) | Ouipn B”"’(H" c'H) | Oy (HTH)?
H ﬂx D~
Owpn | DLW (HT bof )
@BDH 6‘ BH HTJ'(B H

V. Gherardi, D. Marzocca y E. Venturini (2021)
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Matching: Off-Shell vs On-shell

Off-Shell matching

% % % %
- Small number of diagrams (1 PI) 0 + 2 — \" 0/
—»p —»p /_>p \

Y2 % ¥ Y4

- Heavy bridges contribution directly local

7 % p27M2
. . 1 B 1 ) pZ p4-
R A Ve e VPR VT S
Y2 Y4

- But requires the construction and reduction of the Green’s basis

ICTP-SAIFR | 2024 6



Reduction to the physical basis

Field redefinitions ¢ — f ()

Identification of Non-trivial process

redundant operators : :
EOMs (only valid up to linear order) Hard to program it in a
= systematic way

On-Shell matching ) )

- Huge number of diagrams P '

) : : : ) 1 1

Ther.e |s.del|cate cancellation of non-local . | - . = Polynomial(p?)
contributions between between UV and EFT P —m~{yv DP°—M"[ger
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Field redefinitions

Identification of Non-trivial process

redundant operators EOMs (only valid up to linear order) Hard to program it in a

— systematic way

Substitution of randomly generated
On-Shell matching , physical momenta

- Huge number of diagrams —_— M. Accettulli [2304.01589]

. Y
1

2 2
uv P —m

- There is delicate cancellation of non-local 1

3 = Polynomial(p?
contributions between between UV and EFT p? — m? Y (p*)

EFT




On-Shell matching approach

Find the Green’s basis up to dimension d ) LGreen

. . ) R. Fonseca [1907.12584]
Find the physical basis | ¢ criado [1901.03501] I Lphys

Compute n-points amplitudes withn < d on-shell By the substitution of randomly
>
generated physical momenta

Solve the system Mi,Green — Mi,phys
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Some results in the SMEFT .

T
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Some results in the SMEFT .

[rG'r*een = £(4) —+ Eg’?een f f’phys — £(4) i ﬁ}(fh)ys n Esl?ys

L — % (D,U,I-I)Jr (D"H) — m2H'H — ) (HTH)z

ﬁ(ﬁ)

Green

— ey (H'H) + ey (HTH)O(HVH) + cyp (H'D*H)' (H'D,H) +
o (H'H) (D, H)' (D*H) + v (H'H) D, (H'iD*H) + rpu (D*H)' (D*H)
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Some results in the SMEFT .

[rG'r*een = £(4) —+ Eg’?een , ﬁphys — £(4) i ﬁ}(j%)ys n Esl?ys

1
£ =~ (D,H)' (D'H) ~ miH'H — ) (H H) £

| | | !
LY ey (H'H) + cyn (HH)O (H'H) + cyp (H'D*H)' (H'D,H) +

o (H'H) (D, H)' (D*H) + v (H'H) D, (H'iD*H) + rpu (D*H)' (D*H)
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Some results in the SMEFT .

EGT‘een — £(4) + Eg) , ﬁphys — £(4) + ﬁg(ﬁz)ys + E;E;L)ys

reen

1 2

LW = 5 (D, H)" (D'H) —m3H'H — X\ (H'H) £
| I I !
LY ey (H'H) + cyn (HH)O (H'H) + cyp (H'D*H)' (H'D,H) +
rhup (H'H) (D, H)' (D'H) + vy (H'H) D, (H'iD*H) + rpy (D*H)' (D*H)

Linys = cns (HUH) + et o (HUH)" (D HIDMH) + . (HUH) (H'oH) (D, Hio" DV H) +

& . (D,HID,H) (D"HIDFH) + &%) . (D, H'D,H) (D*H' D" H) +

¢ (D*H'D,H) (D'H'D,H)
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rulesl? = Rules[4, 08, 10] /. {rules 'k - k, rules Pair s Pair} /s Simplify;
equations = {}}
For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,
final = ampl[j] /. Flatten[rulesl2[i]] // TermCollect;
final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;

ampUV = ZA2 final /. propEFT /. LimitUV;

ampsUV[i] = ampsUV[i] + ampUV;

ampsIR[i] = ampsIR[i] + ampIR;

IE

AppendTo[equations, Table[ampsUV[i] == ampsIR[i], {1, 1, Length[rules12]}]];

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules[4, 0, 18] /. {rules 'k - k, rules Pair - Pair} /s Simplify; —— Generate momenta by randomly generated values
equations = {}}
For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,
final = ampl[j] /. Flatten[rulesl2[i]] // TermCollect;
final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;

ampUV = ZA2 final /. propEFT /. LimitUV;

ampsUV[i] = ampsUV[i] + ampUV;

ampsIR[i] = ampsIR[i] + ampIR;

IE

AppendTo[equations, Table[ampsUV[i] == ampsIR[i], {1, 1, Length[rules12]}]];

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules(4, 0, 10] /. {rules’k » k, rules'Pair 4 Pair} /s Simplify; —— Generate momenta by randomly generated values
equations = {}}
For[j=1, j < Length[ampl], j ++, » Running through every amplitude in the process

For[i=1, 1 =s Length[rules12], i++,
final = ampl[j] /. Flatten[rulesl2[i]] // TermCollect;
final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;

ampUV = ZA2 final /. propEFT /. LimitUV;

ampsUV[i] = ampsUV[i] + ampUV;

ampsIR[i] = ampsIR[i] + ampIR;

IE

AppendTo[equations, Table[ampsUV[i] == ampsIR[i], {1, 1, Length[rules12]}]];

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules[4, 8, 10) /. {rules 'k + k, rules Pair = Pair} // Simplify; — Generate momenta by randomly generated values
equations = {}}

Running through every amplitude in the process

v

For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,

v

final = amp1[j] /. Flatten[rules12[i]] // TermCollect; Replace the randomly generated kinematics

final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;

ampUV = ZA2 final /. propEFT /. LimitUV;

ampsUV[i] = ampsUV[i] + ampUV;

ampsIR[i] = ampsIR[i] + ampIR;

IE

AppendTo[equations, Table[ampsUV[i] == ampsIR[i], {1, 1, Length[rules12]}]];

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules[4, 8, 10) /. {rules 'k + k, rules Pair = Pair} // Simplify; — Generate momenta by randomly generated values
equations = {}}

Running through every amplitude in the process

v

For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,

v

final = ampl[j] /. Flatten[rules12[i]] // TermCollect; Replace the randomly generated kinematics

final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;
ampUV = ZA2 final /. propEFT /. LimitUV;
ampsUV[i] = ampsUV[i] + ampUV;
ampsIR[i] = ampsIR[i] + ampIR;

v

Setting both theories amplitudes with their
propagators and wavefunction renormalizations

IE

AppendTo[equations, Table[ampsUV[i] == ampsIR[i], {1, 1, Length[rules12]}]];

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules[4, 8, 10] /. {rules'k -+ k, rules’Pair -+ Pair} // Simplify; —— Generate momenta by randomly generated values
equations = {}}
Running through every amplitude in the process

v

For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,

final = ampl[j] /. Flatten[rules12[i]] // TermCollect; Replace the randomly generated kinematics

v

final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;
ampUV = ZA2 final /. propEFT /. LimitUV;
ampsUV[i] = ampsUV[i] + ampUV;
ampsIR[i] = ampsIR[i] + ampIR;

v

Setting both theories amplitudes with their
propagators and wavefunction renormalizations

K

AppendTo [equations, Table [ampsUV[i] == ampsIR[i], (i, 1, Length[rules12]}]]1; — Matching both theories

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys /7 Simplify;
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rulesl2 = Rules[4, 8, 10] /. {rules'k -+ k, rules’Pair -+ Pair} // Simplify; —— Generate momenta by randomly generated values
equations = {}}
Running through every amplitude in the process

v

For[j=1, j < Length[ampl], ] ++,

For[i=1, 1 =s Length[rules12], i++,

final = ampl[j] /. Flatten[rules12[i]] // TermCollect; Replace the randomly generated kinematics

v

final = I Sum[finalfaa], {aa, 1, Length[final]}] // Expand;

final = final /. Sust;

final = final /. {x*3 50, x*450, x*55 0, x"6-0} /. (x> 1);
ampIR = final /. propEFT /. limitIR;
ampUV = ZA2 final /. propEFT /. LimitUV;
ampsUV[i] = ampsUV[i] + ampUV;
ampsIR[i] = ampsIR[i] + ampIR;

v

Setting both theories amplitudes with their
propagators and wavefunction renormalizations

IE

AppendTo [equations, Table[ampsUV[i] == ampsIR[i], (i, 1, Length[rules12]}]]1; — Matching both theories

15

solutionl = Solve[Flatten[equations], coefsol] /. massPhys // Simplify; » Solving the system
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Some results in the SMEFT

Final solution: redefinition of coefficients

aHD rHDp rHDp?

cH - aH - 1mbd? rDH + Imbd rHDp + m0? |6 aH rDH + aHD Imbd rDH - 8 aHDD lmbd rDH - 11 1mbd? rDH? - ——# 4 aHDD rHDp + 9 lmbd rDH rHDp - - rHDpp?
cH41 - 0

cH42 5 0

cH43 - 0

cH61 - aHD lmbd rDH + 8 aHDD lmbd rDH + 1mbd? rDH? - w - 4 aHDD rHDp + 3 lmbd rDH rHDp - 7 rHop® + rHDpp?

cH62 - 2 aHD 1mbd rDH - aHD rHDp

cHD - aHD + 4 aHD mo? rDH f

1
cHDD ~» = (2 aHDD + rHDP) + m0? (4 aHDD rDH + 2 rDH rHDp)

J. Aebischer, M. Fael and J. Fuentes-Martin| 2023

2 2 4 6 2
mH* - mO@“ + m@™ rDH + 2 mO” rDH [2307.08745v1]

A - mbd +m@? (4 lmbd rDH - 2 rHDp) +m@* (16 lmbd rDH? - 10 rDH rHDp)

V. Gherardi, D. Marzocca and E. Venturini |2021
[2003.12525v5]

L /
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Some results in the SMEFT

Final solution: redefinition of coefficients

aHD rHDp rHDp?

cH - aH - lmbd? rDH + lmbd rHDp +{m@? |6 aH rDH + aHD lmbd rDH - 8 aHDD 1mbd rDH - 11 lmbd? rDH? - ——# 4 aHDD rHDp « 9 lmbd rDH rHDp - - rHDpp?
cH41 - 0

cH42 5 0

cH43 5 0

cH61 —|aHD mbd rDH - 8 aHDD lmbd rDH + lmbd? rDH2 |- w _ 4 aHDD rHDp +f3 1mbd rDH rHDP ] rtidp® | rHDpp?

cH62 -2 aHD 1mbd rDH]— aHD rHDp

CHD - aHD .[4 aHD mo? rDH f

1
cHDD - = (2 aHDD + rHDP) +[m0? (4 aHDD rDH + 2 rDH rHDp)

J. Aebischer, M. Fael and J. Fuentes-Martin| 2023
mH? - m@? + m0* rDH .l 2 mo°® rDH?

[2307.08745v1]
A - mbd +m@? (4 lmbd rDH - 2 rHDp) 4m@* (16 lmbd rDH? - 10 rDH rHDp)

V. Gherardi, D. Marzocca and E. Venturini |2021
[2003.12525v5]
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X° X“H* H*D*
Osc | JPCGGEGSE | One | GaA,G%/(H'H) | Opy | (D,D"H)'(D,D"H)
Oz= | FA5CGIGEGS: | 0.z | GAGH(HIH) HID?
Osw | TKWIWIPWEe | Oyw | WLW(HUH) | Ouo (HTH)O(HTH)
Oz | /XWrWJ/ewkr | 0, | WLWH*(HIH) | Oyp | (H'D*H)(H'D,H)
XZD? Oup B, B*(H'H) | Oyp (H*HJ(DPH)*%J“H}
Os | —3(D.GH)(DPGY,) | Oyp B, B*(H'H) | Ofp | (HTH)D,(H'i DH)
Oay | =D W) (DFWL) | Opwp %BF"’(H%"H) H®
Osp | —3(0,B")B,) | Oyp | Wi B"(H'o'H) | Op (HH)?
H*XD?
Owpn | DLW (i D)
Oppu 3VB“”(HTE'<B#H)
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X° X“H* H*D*
e[ o Onc G,G*(H'H) | Opy (DﬂD*‘H);(DuD”H )
O | f[ABCGAGBrGCH 0,5 GA G4 (H'H) HD:
G g g HG v
Oaw | /5WIWIPWEr | Ouw | WLW™(H'H) | Oun (HTH)O(HTH)
Onp | V“Wpwlews | O, | WoW'(H'H) |Oup | (H'D*H)\(H'D,H)
X?2D? [ Oyp B, B*(H'H) | O}y (HfH)(DpH)f%)“H}
O | —3(DGH)(DPG) | Oyp B, B (H'H) | O, | (HTH)D,(H'i D'H)
Oay | =D W) (DPWL) " Taws W, BT H o H) H®
mé — mj O | —3(0,B")(Bp) | Opp ijc;;;(B;gﬁa'H) On (H'H)*
2 o
A= A— 2m0r}{D Owpy DL,WI””(H*‘('%D{,H)
1 @) 9, B (HYi D H
CET)l pe — 27'123 DH =2 ( 1)
(2) 2
c — —2r
H4D4 BDH DPL — ap‘ . ing”
i =0 /
c
H4DA4 / /
1 g —4g
/ /
CHD) —>CHD+§Q TBDH T 5"HD CHB — CHB

/
cgp — cgp +29TBpH
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X* X“H* H*D*
Osq i e Ong G,GY(HH) | Opy | (D,D"H)'(D,D"H)
Og | fAECGIGEeGS* | 0,z | GAG*(H'H) H1D?
Oaw | TXWIWIPWEr | Ouw | WLW*(H'H) | Oun (HTH)O(HTH)
Oz | 95 WiWlewker | Op | WLW!(HIH) | Oup | (HID*H)!(H!D,H)
X?2D? [ Oyp B, B*(H'H) Oy | (H'H)(D,H)!(D'H)
O | —3(DGH)(DPG) | Oyp B, B*(H'H) | Oy | (HH)D,(HTi D*H)
O | —5(D W) (DPWL) | O i e H®
mg — mg Oop | —30:B*)(0"Bp) | Opip | W, B"(H'o'H) | Og (H'H)?
2 2
) H*XD?
A= A=2mgryp Owpi DM'“”(H*%E TH)
(1) 2 OBDH SUB#”(HT-:Z pH)
CH4D4 —> 2TBDH
(2) 2
c — —2r :
HAD! BDH D, =9, —ig'B, Fermions
(3)
Craps — 0 / /
g —9
Ll Ll Evanescent
C — C —GTBDH =7
HO HO 29 o' HD CHB — CHB operators
!/
CHp = Ccyp + 29 TBpH
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Notice that ...

gm—

Non-systematic
Field redefinitions and EOMs

Highly non-lineal
Reduction of the

Green’s basis \ Systematic

On-Shell matching approach ~| Algebraic system of linear

equations

o
gu—
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Notice that ...

gm—

Non-systematic
Field redefinitions and EOMs

Highly non-trivial
Reduction of the

Green’s basis \ Systematic

On-Shell matching approach ~| Algebraic system of linear

equations

o
gu—

The reduction of ANY theory to ANY physical basis will be completely AUTOMATIC
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Universidad de Granada

Energy Theory

THANKS FOR YOUR ATTENTION !
MUITO OBRIGADA!




Generation of random momenta .

r ™

A€ SU(2 A% = g9F
SL(2,C) = SU(2), X SU2), . *E°VE | ST

1€ SUQ), lo = e3P

-

= po+Dp3 P11 — P2
Massless momenta: P.,, = A, A ‘ P =9, o' = ( ) )
e rara Pu p1+ip2  po — P3

2
m
Massive momenta: P! := g/ + K+ ¢,k =0
2q -k Gos = Aada

ko = Mol
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Evanescent operators

R=a O

IR® + IRMW = gy©® 4+ gpyD

Additional finite local
contributions in loop

1
' - - — =
| We take the hard region \ f R—-0= € (bRE bO 6) b
1 1
jO:E(a+b06) fR=E(a+bR€)
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TP -T2 pom,

phys

p°—m —TI(p°) =0

2

2
P mphys

(p) = D) + 1 (23 ) (97 = 1345) .

; i

promt T g (T, ) + TV (2 ) (p2 — ) + )
i

— . : (1 B Hf(mihys)) B
(Pz - mihys) (1 — T () + ) (pz N mf’}%’s)
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