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Off-shell matching

tree
M ppi

)) Tree-level matching: =

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

Automatically cancel
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Off-shell matching

: g P>\
)) Tree-level matching: . . = - Mge) +0!(M—%)] < \/1IPI

EFT fu” ===== \\<
-

)) One-loop matching:

(method of regions)

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

EFT

Automatically cancel

The matching results in values » C1,Cy, .., Ci)R1, Ry, ..., R; » Cy,C,, .., C;
for couplings in the EFT

Some correspond to redundant operators
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On-shell matching
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On-shell matching
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: : p*\"
)) Tree-level matching: Y = G N !(M—i) ]
EFT full
Y)Y One-loop matching: _
(method of regions) B
hard: k~Mg > p,m EFT =
soft: Mg >> k~p,m -
Almost cancel '
EVANESCENT CONTRIBUTIONS | g
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On-shell matching
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— K1
Mg
. . pz n
)) Tree-level matching: . N = M) cf t+O !(M—%) ]
EFT full
)) One-loop matching: _
(method of regions) o
hard: Kk~Mg > p,m EFT EFT
soft: Mg > k~p,m J
Almost cancel ' y
) ) EVANESCENT CONTRIBUTIONS = &
On-shell condition: =m -
P phys Cy(,Cy ..., C;
n
Wavefunction factors: M = (\/Z) Mamp (no redundancies!)
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On-shell matching: non-localities

full EFT

] ] z=zz= L _ . — (polynomial in
Light bridges » > . — local external momenta)
\

Y Y
non-local non-local
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On-shell matching: non-localities

] ] z=zz= L _ . — (polynomial in
Light bridges » > ‘§ . = local , iernal momenta)
\

full EFT
J 1\ J
Y Y
non-local non-local
m Difficult to follow this cancelation analitycally = Substitution of random-generated kinematics
M The procedure is to be numerical but exact — Rational kinematics
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On-shell matching: non-localities

] ] z=zz= L _ . — (polynomial in
Light bridges » > § . = local , iernal momenta)

full EFT
J 1\ J
Y Y
non-local non-local
m Difficult to follow this cancelation analitycally = Substitution of random-generated kinematics
M The procedure is to be numerical but exact — Rational kinematics
Spinor Helicity Formalism . momenta . .
[arXiv:2304.01589, arXiv:2202.02681] Rational values for POlarfzatlons with symbolic masses M,
spinors
(Satisfying...
) ) » Momentum conservation
M= aps - p3+ p 9044503 m2a 840960 f On-shell condition
(p1+ pa)? “m? 1681920 8203543 m?2 Dirac equation
kTransversality
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Evanescent shifts

Y)) One-loop matching:

(method of regions) . . — _
hard: k~Mg > p,m - .
soft: Mg > k~p,m u 51’
Y
Almost cancel '
EVANESCENT CONTRIBUTIONS -
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Evanescent shifts

Y)) One-loop matching:

(method of regions) : —

hard: k~Mg > p,m

soft: Mq > k~p,m EFT full 5T
Y -

Almost cancel B ' y
EVANESCENT CONTRIBUTIONS _ &

[ Copy of SM Higgs: L = Lsu + D, ®'D*® — M*®'® — (V" (PPe” + h.c.) ]

>©% — XJM% £ 0D ACGB
Only finite parts coming from ¢ x L

€uv
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An example: one-loop matching to SMEFT

Copy of SM Higgs: £ = Lsu + D, ®'D*® — M?®'d — (VP PPe” + h.c.)

Operators to match... ...with the amplitude
[O)\ = —(HTH)z, OHe = (é’}/ﬂe)(HTi?#H), \ vy H(i
_ _ = v ’
Oye = —leH, O4) = (by*0)(HY D ,H), T
Oup = (lo"e)HB,,,  OF) = (Iy#olt)(HTiD1H), T
Ouw = (o*e)o! HWL,, Oy = (H'H)leH, "l RNy

\_ J ‘
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An example: one-loop matching to SMEFT

Copy of SM Higgs:

Operators to match...

L = Lev + D, @' D'® — M*®'® — (Y7 PPe” + h.c.)

...with the amplitude

[0)\ = —(H'H)?, One = (é’Y”e)(HTi?pH): N
O,. = —leH, OW — (fyr)(Hi D ,H),

O.p = (bo*e)HB,,,

O = (bo*e)a! HW!

08 = (byo't)(HY DLH),

Oy = (HTH)leH,

\ on
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An example: one-loop matching to SMEFT

Inthe . @ " I el N / 1 i s + P, k + P,
‘ ‘ Sa, TSy R k2 — Mg (k+p1)? (k + p2)?
full
kE+p)K+p,) P2+ 2k - py P3 + 2k - po
~Y / (R = M(%) ( 12 +> (1— 12 +)
Inthe - @ . 1 = | a0 _—}2/ %erlz %+?22
. . . ~e__ 1 e Mg Ji (k+p1)? (k+ p2) OV pole

UV pole

A |~ o [E P
“ Sk k2 (kA p2)?
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An example: one-loop matching to SMEFT

We solve for effective couplings perturbatively in the EFT order:

A —5 A + m
060m2 M2’ ) f N
ypT . § yp'r 1 (yy’i‘y 1 2y y‘l‘y) My yp’r“ (y‘i‘)'gt Ls Cl"OSS-CheCk With
¢ ¢ 128 12872 ‘ ‘ METTEITE -
Matchete [arXiv:2212.04510]

=H _m’ and

cHo = — = (9} + 303) MatchMakerEFT [arXiv:2112.10787]

e __9 gy 100 V)" + 6V yetlY + 3T YV1ye)™ |

192072027 5762003 1927202
i = 3845;2]\425}” " 1151275211\42 OV - Tozmmz (Ve + 5V W),
4 2

" =~ T + s (V) - e (")),

By = e (5YV 1y + 20V Ty (Mgl

CI;TW_)_%(;VJ}T%) 198~ QMQypT 1) ut

Ctt ™ IR0 TN 409;2 Ve —1927:2 e (vey! VYo + 20V Vyly — 3Vyly YViye — 3y VtyeylV)” 167;MQ Yt (o) g (V1) = 32:2\M2 SN
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https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/2112.10787

A second example: reduction of Green’s basis

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

. Tedious
Field
Hard to automate

R Non systematic
redefinitions

Physical basis minimal set of operators to match amplitudes on-shell.
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A second example: reduction of Green’s basis

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

. Tedious
Field
Hard to automate

R Non systematic
redefinitions

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

\

Ll D operators in Green's basis . (o)
> Match both theories on-shell at tree level

Ephys > operators in physical basis

J

){ e find the couplings o phys IN terms o ose In full b GREEN'’S BASIS

P Example l: Real scalar singlet with Z, symmetry up to dimension 8

B Example ll: Bosonic sector in the SMEFT up to dimension 8
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A second example: reduction of Green’s basis

— XB XZ Hz H2 D4
0 S ON\C Ow | JBCGRGEGSF | Opg | GAGY(HH) | Opu | (DD*H) (D, D"H)
. O*; fAB(L‘éAqungp o) 5 éAUGA;.w(HTH) HID?Z
B R Cross-check with [2003 A 2525V5] o:; Ef-iffﬂfjiwjpwfﬁ'u O HJEUI»[/'I#V(HTH) O (HTH)O(HTH)
SECTO Oy | XWIrwiewke | 0,0 | WLWi(H'YH) | Oup | (H'DHH)!(H'D,H)
X?D? o B Bw(HIH) | Oy | (HIH)(D,H) (D" H)
O | —1(D,GH¥) (DGR | Oys B, B*(H'H) | Oy | (HH)D,(H'i'D"H)
Oy | — % (Dpﬂ‘”w) (D'GH"Y;“) Onws EKHIVBW(HfUI H) H°
O | —30,B")(0°By) | Oygg | WiLB*“(He'H) | Oy (H1H)?

2 2z pi
cup = cnp £ 2mienprpy HXD"
X2H? 5 Owpn | DLW (H'i D H)
CuB 7 CuB I ancu_ﬁ""DH Opou | 9,8 (H'D 1)

V. Gherardi, D. Marzocca y E. Venturini (2021) [2003.12525v5]

1 1
cyo — cpn — =9"°rep + 59’?"31);1 — mﬁ(‘flﬂﬂu’!‘ pu + 9Teouron + 2rpuTyp)
o : .
Eap —* ¢AD — 59"2?"23 +2¢'repu|— mi(4cuprpn + 49'TBpuTDH) edUCl‘iOn of dim 6
Ope .
PErAIOrS Up to i, 8l|
: 2 , 2 (1 5 L g s 1 4 h
H cay = cg + ANrpu + Aryp 4 mg 19 cupT2B — 19 Top — 59 CHDTBDH + 29 T2BTBDH
3
— =¢*r%pn — 6curpn — Aeuprpu + 8 enorpu + ¢ repurpn — 112%r%

4

1 4
! / / / / 12 "2
—=cupryp +4cuoryp + -9 TBouTyp — INTDHT D — <THD — THD
2 4

2

YOUNGST@RS - EFTs and Beyond 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.

b Code in Mathematica in progress (RGB) based on
Feynrules+FeynArts+FeynCalc (with J. Lopez-Miras)
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https://arxiv.org/abs/2409.15408
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Matching theories: Off-Shell vs On-shell
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Matching theories: Off-Shell vs On-shell

On-Shell: mmmmmma 4 Ceaccreax’ | = i@ -
Off-Shell On-Shell
Large number of operators (Green’s basis) Smaller set of operators (physical basis)

Small number of diagrams (1IPI 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
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Some results in the SMEFT .

m'[E} = mﬁ = mﬁ’ruﬂ + ﬂmg"im

A= A —mi(dArpy + 2r, ) + mg(16A13,,, + 10T purhy )

D

2 4 2
Y — yﬂ:{l — Mot TuH)

2
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Some results in the SMEFT

2
CHB — CHp — 2MgCHBTDH

X2H? 2
Cyi — Cui — 2MoCyETDH
1 2 1 I 2 4 ! 2 I
cyo — CuOo — 3 Top + 5 repu — My(4enorpn + §TpuToH + 2rDHTY D)
412
H D 1 2 2 ! 2 4 4 !
CHD — CHD — 59 Top + 29 TBDH — mn( CHpTpH + 4g 'FBDHTDH)
6 22 N 21 1 142 L5 Ly
H CH — Cy+ A"Tpuy + Aryp + my zg CHDT2B — 1—69 Top — 59 cuprppH + 5 ropTBDIH
3 s 6 A 8\ X 1122
— =9 Tgpa — OCHTDH — ACHDTDH + SACHOTDH + § ATBDHTDH — D

4

]' ! ! ]' ! ! ! ]'
” "2
_§CI!DTHD +4dcyaryp + 59 TBoHTyp — IATDHT D — ZTHD —Tup
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Some results in the SMEFT

Dimension 8 (H and B)

XH'D*

(1) (1) ' l 3o r ' 2
Cppip2 > Cpyapr — 49 cupran + 59 Tap + 8euprppn — 29 TapTeou + 29 Thpy

e
Cppipz 49"'1:1;‘"211 + HFH Bl

X2H*D? X! X2
: Cipa ? : 1 P
rhg”:”z 0 gt 0 Ef“”" = —Cupgr2n + “IE‘? ‘ran + 2cupg'TeDN — *4—9? TapTBoH + 4-? TBDH
(2) A2 _ s o ot
Cyzyzp2 = 0 Cpa = 0 HBA DH HB 1y
- Cizpe 0 Ciatps = —97CyiiTan +20'cyarapn — 2XCyETEDH — CyiThD
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Some results in the SMEFT

Dimension 8 (H and B)

I Dt HY

m 1 W, 3. . 3 3 9 ,

Cppa 29 Tz.u 29'rapToN + 2THUH Civs —F -Zq CypTap + tf rap + Ql"uufuun - ;éy TapTppH + 4‘;' Thpu — ACHDTDH

(2) 1 5 5 ' .2 — A — 30 Ar rivi + AT +1r S A, TR 9 r r

FH" —-Eg TEH -{-QQ TopTDH — 27-3”}; ~HLIT DH a4 BDHY DH DH 2 ~-HIM i -HLI g — 2? BIDHY 11
o ' 2 2

('ﬂ 50 = 3ATDpuT Y — E"uu +Tun

Cpa

(2) 1 1 3 4
Cye —7 —2';' cypTrap + HQ ?’zu + d'cunrson — ﬂ‘ TapTupy + z'? ’-"uuu 2 eypron

! ' ' f
— 29'Arppurpy — cu DTy — 9TBDHT YD
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Generation of random momenta .

e N

1 ESU(2 © =g}
SL(2,C) = SUQ), x SU(2), | ~ U@L A=

-

Massless P,, = Aaid . P=p,ot = (po +P3 pP1 — 2p2>
momenta : p1+1p2  Po — P3
m? 2 1.2
Massive Pl e—sghl : kkﬂ ¢, k* =0
momenta : q- loh = Pads
Kac = Hafba
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Evanescent operators .

R=a O

IR® + JRD = yy©® 4 gpy@D

Additional finite local
contributions in loop

0 1 _ 0 (1) (1) litud
IR® + IRsoft =Uv® + UViarat UVsoft AMPITHESS
1
' —_- — — =
\ We take the hard region \ f R—-0= € (br€ — bpe) = b

1
f0=g(a+b0€) fR=%(a+b;Re)
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On-shell matching: non-localities

Light bridges - . B L B _ (polynomial in
’ ’ ﬁ( ) : = local external momenta)
full
\\
v

EFT
J N J
Y
non-local non-local
B Difficult to follow this cancelation analitycally » Substitution of random-generated kinematics
B The procedure is to be numerical but exact - Rational kinematics

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

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

1
P“=§(PU”P] ek
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