Universidad de Granada

FTAE

High Energy Theory

Efficient on-shell matching

Javier Lépez Miras

! with M. Chala, J. Santiago and F. Vilches [2411.xxxxx]

XVI CPAN DAYS

Junta de Andalucia



EFTs and matching .

-

Energy

~

Matching

)

XVI CPAN DAYS

-

Effective Field Theory

Cut-off Mg

~




Off-shell matching

) Tree-level matching:

EFT

) One-loop matching:
(method of regions)

hard: k~Mg > p,m EFT
softt Mg > k~p,m

EFT

Automatically cancel

The matching results invalies  wdy €L GRL Ry By | D €1,Cp0

for couplings in the EFT

Some correspond to
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On-shell matching

) Tree-level matching: . @

EFT full

) One-loop matching: . @
(method of regions) )

hard: k~Mg >» p,m EFT full EFT
SOft: M(I) > k~p,m Y j
Almost cancel
On-shell condition:  p* = mJ; . evanescent contributions

| ) ) GG
Wavefunction factors: M = (VZ) Mymp (no redundanciesl)
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Light bridges ======&<,z‘ (polynomial in

L o = local external momenta)
full EFT
§ J 4 J
Y Y
non-local non-local
Difficult to follow this cancelation analitycally Substitution of random-generated kinematics
The procedure is to be numerical but exact Rational kinematics
Spinor Helicity Formalism Rational values f Tome?.to +h svmboll
[arXiv:2304.01589, arXiv:2202.02681] ationat vatues for posf')’i'rz\gr'sr‘s with Symbolic masses I,
Satisfying...
Momentum conservation
2 5, On-shell condition
M = apy - ps + ‘B 2044503, _ 840960 p Dirac equation

(p1 +pa)? —m2 1681920 " 8203543 m? Transversality



Evanescent shifts .

) One-loop matching:
(method of regions)
hard: k~Mg > p,m EFT

softt Mg > k~p,m

Almost cancel
evanescent contributions

Copy of SM Higgs: £ = Legu + D, @ D*® — M?*®T® — (YP"PPe” + h.c.)

>Q% >©% # 0 .
Onlyf'nlteports " 1

coming from ]
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An example: one-loop matching to SMEFT

Copy of SM Higgs: £ = Legu + D, @ D*® — M*®T® — (YP"PPe” + h.c.)

Operators to match... ..with the amplitude
(Oy = —(HIH), One = (ev"e)(HI D ,H), ) - i}
_ _ L4
O, = —leH, OW — (o) (H D H), T
_ _ - < - -
Oup = (lo"e)HB,,, O = (lyolt)(HDLH),
_ _ €R \*\ 0=
()ew = (bo*e)o' HW],, Oy = (H'H)leH, ) ‘ N
r rd 'l '
Nl s L
In the - .| sider <
EFT \,-;-\/ \/._L\/ >.J|’\N<::/ \,.J\N(::,
\. -7 N7 g N -7 A
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An example: one-loop matching to SMEFT

In the

side: i T 1 %+p1 k—I_pz
R . k2

full

-~ /k(%-l-?l)(k‘l‘ﬁz) (1_p%+2k'p1+m) <1_p3+2k°p2+m)

‘ * /’, - + _I_
' e ~e__1 TS Mg Ji (k+p1)? (k+p2)° |,

In the

side; >GM ~ Oy /lé %+p2
EFT ’ : ka (k+p2)2
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An example: one-loop matching to SMEFT

We solve for effective couplings perturbatively in the EFT order:

93y
M2
) ) 9607 T - m2, o il Kg Cross-check with \

95 — gz Ve + 2 Y)Y oI (), Matchete [arXiv:2212.04510]

4

91 and
CHD —7 — XVoR
192071r M o MatchMakerEFT [arXiv:2112.10787]

CHD = ~rees e (91 + 362, - J

& 91 5P + 7—9% (y’ry)p’" . _t
He " 192072 M2 57672 M?2 19272 M2

6(1)2’7"_) 91 57"+ 17¢7 (yy’r)p’"_—
i 384072 M2 115272 M2 19272 M2

4 2
(3)P" . 92 pr 92 P 1 T H\Pr
i~ ~sgioean® T e 0¥ g e V)"

! s
&= =B (5YVNye + 2 VIV e (Y1) e

(6VTyeylY +yTYYTye)”

(6Vylye VT + ye YTV |

768m2M? 12872 M2
592 st
R . S T 3 pr T ts
W = ~geganp PY)" e 2M2y (V') y
Cerr my + Ty (BeUtYIMe + 20V Yty — 3Vylyetye — 3y yeylV)” eI () e (O = o ()
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https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/2112.10787

Green’s basis:  minimal set of operators to match amplitudes off-shell.

Field
redefinitions

Physical basis: minimal set of operators to match amplitudes on-shell. Tedious

Non systematic
Hard to automate

['full > operatorsin Green's basis

N\
Match both theories on-shell at tree level (g
£phys > operators in physical basis

We find the couplings of L}y in terms of those in Ly . %%%%ﬁg%ﬁs?g

[J Example I: Real scalar singlet with Z, symmetry up to dimension 8

[J Example ll: Bosonic sector in the SMEFT up to dimension 8



A second example: reduction of Green’s

X‘3

X*H* H*D*

Oy =t GGG Ouec | GLG™(H'H) |Opy [ (D,D"H)(D,D"H)
- 0. | 7"Ggcs | 0| GlGUIIH) H™D?
[\ Cross-check with [2003.12525v5] | &% | L | o4 | G | o [ o
Oy | TKWEWIWEE | 0,5 | WLW(HH) | Op | (H'D*H)(H!D,H)
X?D? O e B, B*(H'H) | Oy, | (HH)(D,H)!(D"H)
O | —3(D.GA)(DPGA) | Opp | BuB(H'H) | Ofp | (HUH)D,(H'iD*H)
Oaw | —3(D,W'™)(DPW,,) | Onws %’,,B‘"’(Hfa’H) 28
CHB — CHB T 2m2ncﬂ13rpg O | —30uB")(Bp) | Oyip }}‘-’I";?ZS&H""H’ S EE:
X2H2 2 T it el
Cun = Cun I 2MmaCynT Owpn | D,W™™ (HY DLH)
uB 7 CuB 0CuB"DH Osou | 0,8 (' 1)
V. Gherardi, D. Marzocca y E. Venturini (2021) [2003.12525v5]
1 12 1 / 2 4 / 2 /
cyn — CHO — gg rop + 59 repu - my(4cuarpn + 9 TepHTDH + 2T DT YD)
H'D? L 2 RedUCt'
/ J .
CHD = cHD = 59 T25 + 29 repu|— my(4cuprpu + 49 rBpDHTDH) o 10N of gim 6
perators UP to
dim. 81
6 )2 b 2 (1 L 4 9 15 1 3
H ¢ = ¢y + AX°rpu + Aryp 4t mg 19 cupTB — 129 Top ~ 59 CHDTBDH + 29 T2BTBDH
_2g%2 6 — A 8\ A 11022
Zg Tgpu — OCuTDH CHDTDH + SACHOTDpH + G ATBDHTDH D
1 / 4 / 1 / / 9 /\ / 1 2 "2
~5CHDTHD +4cyoryp + 59TBDHT D ~ YATDH D ~ "D ~ THD

HEFT | 2024 11



On-shell matching is a diagrammatic alternative that allows to compute the coefficients
directly into the physical basis.

More diagrams to be computed in a single amplitude, but several operators can be
matched at the same time.

No need of defining evanescent operators or using background field method for finite
matching.

Useful for renormalization and computing beta functions (see [arXiv:2409.15408]).

Can be used to compute the reduction to any physical basis from any redundant basis.

Code in Mathematica in progress (RGB) 4 A
based in Feynrules+FeynArts+FeynCalc

(with F. Vilches) (}



https://arxiv.org/abs/2409.15408
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Matching theories: Off-Shell vs On-shell

C
<
20

Off-shell
|
\ 9 Y | : \ 7
\ P 7 | \ 7/
% Vs | [ N 7
\ ’ N /
\ ’ I [ N 7
ﬁ::::::# I ____.D.____
|
// \\ ! | /’ \\
. \\ I | Vs \
1||ght-P| \ | I // \\
On-shell
\ LY s
\ N 7 | |
N * | |
\
\ // N | |
ﬁ:::::::( - - — - - — — = = _ - _— — -
, . T O + koo
P \ | |
/ \ | |
’ \
/ \ ' '

HEFT | 2024 14



Matching theories: Off-Shell vs On-shell

On-Shell: e s~ S R
Off-Shell On-Shell
Large number of operators (Green’s basis) Smaller set of operators (physical basis)

Small number of diagrams (1IPl in UV, 1Pl in IR) All diagrams (light bridges too)

Contribution directly local in momenta Delicate cancelation of non-local contributions
Need of Background Field Method

Need of evanescent operators

HEFT | 2024 15



Some results in the SMEFT .

Dimension 4 up to dimension 8 (H and B)

mg — mg — MoTpy + 2m§ri
A= A— mg(4/\rpu + 21';“,) +‘m3(16)\1’f)y + 107‘0}17‘;;1))

5
Yz ye(l — mﬁfvu 5 §m3"}?m)
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Some results in the SMEFT

Dimension 6 up to dimension 8 (H and B)

2
CHB — CuB — 2MGCHBTDH

2772
X°H Cyi — Cui — 2m(2,cH§rDH
) | 1
CHO — CHO — 59'27” 2B + 59'7‘ o — mg(4eporpn + 9 TepuTDH + 2rDHT Y D)
HAD? y
CHD — CHD — 59'27'23 +2¢'rpn — mi(4cuprpu + 44 TBpHTDH)
6 2 / 2 (1 L oam Ty 1 3
H cH — cg + A°rpu + Argp +my 19 cuDpT2B — 129 Tap ~ 59 CHDTBDH + 59 T2BTBDH

3
- Zg'zr%mf — 6cyrpi — Acuprpn + 8Aenorpn + ¢ Arpparon — 11Ny

1 | | 1
! / / / / 22 "2
_ECHDTHD -+ 4CHDTHD + §g TBDHT D — 9’\TDHTHD - ZTHD —Tup
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Some results in the SMEFT

Dimension 8 (H and B)

XH'D?

(1) (1) / L 30 ” ) 2
Cupapz = Cuyape — 49 cuprap + 39 T + 8cuprpn — 29 TepTpH + 29 TN

(2) -
Cppape = —49'cyzras + 8e, grpn

X2H2D? X4 X2H*
1 1 1
ng),,z s =0 022 -0 cgg,,. > —cupg”rap + 1—69' ‘r3s + 2cug'reon — Zg’" ropTBoH +
(2) . —
"gﬁ)mvﬁ -0 Ciga =0 2euATDH — CuBTYD
2
& a0 =0 s =~ Cyiran + 20 CyTaon — 2\eyiTavn — CyiTn

HEFT | 2024
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Some results in the SMEFT

Dimension 8 (H and B)

HAD? HP2
cgz =7 %gm "3 — 29Tt o0 + 2 ipy f‘gl =¥ _%grz cuprap + -i%g“ rag + gg’ CunpTBDH — g_gn ToTpH + %g"rfwu — AeupTou
cgl —» —% %12, + 29" ropT N — 2% Y — 8Aenurnn — 3¢' A\ pputon + Nrhy — %Cuuf';w — dequryp — gg'rm)u";w
CSZ 50 = 3ATDuTYp — %"?w + 7D

2 1 1 3
t‘g,l - -'2'9'2 cypTap + -ég"rig + g'cuprson — 9 rapreON + '2'9'2"123011 = 2XeunTon

!
—29'A\rgpurpn — Cuv"'uu — 9’ "Bmﬂ"m)
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Generation of random momenta .

4 A

2 a — caf
SL(2,C) = SU2), x SU(2)x 1 "2V L A =eh

A ESU2)g 1o = e 1B
J

~

Massless Poo = Aad ‘ P=p, ot = (po tPs P1- ZPZ)
momenta : p1+ip2 pPo—Pp3
m? 2 1.2
Massive PH .= ¢ + JeH ¢,k =0
momenta : 29 - k ot = Aaré
koo = Hafla
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Evanescent operators .

R=a O

IR® + IRD = gy ©® 4+ gy

Additional finite local
contributions in loop

0 1 _ 0 (1) (1) litud
IR® + IRsoft =Uv® + UVhard+ UVsoft AMPTHEES
1
' — —_— —
\ We take the hard region \ _[:R —0 = c (br€ —bp€) = b

1
f0=g(a+bo€) fﬁ=%(a+bﬁe)

HEFT | 2024 21



On-shell matching: non-localities

EFT

Light bridges » N " _ N " _ (polynomial in
° ° >@< . . = local " ternal momenta)
full
g
Y

Y
non-local non-local

| Difficult to follow this cancelation analitycally » Substitution of random-generated kinematics

. The procedure is to be numerical but exact » Rational kinematics

Spinor Helicity Formalism [arXiv:2304.01589, arXiv:2202.02681]

1 (ra*p] Ip) = PLu(p)
V2 (rp) Ip] = Pru(p)
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