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Motivation



- No preferred BSM-model

- SMEFT: general parameterization of heavy New Physics
- No room for new light degrees of freedom

- Automation of matching desirable

matching
Standard Model UV-theory
+ new light dofs
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Goal: Given a quantum field theory, described by £, with two scales A
and v and scale separation A > v calculate the effective Lagrangian,
L, obtained by integrating out particles with masses ~ A at
one-loop including operators of mass dimension < 6.



Goal: Given a quantum field theory, described by £, with two scales A
and v and scale separation A > v calculate the effective Lagrangian,
L, obtained by integrating out particles with masses ~ A at
one-loop including operators of mass dimension < 6.

All of this should happen at the push of a button!



UOLEA




Functional matching

- Functional matching: Impose I yy = Merr
- Starting point: generating functional

Zwlle,Jg] = / DODpexp [ISuv[P, @] + iJoxPx + il 4 xx]

- Only light external particles = Jo =0
- Generator of 1LPI Green's functions

FLuv[on] = —ilog Zuv[Jo = 0,16] — db o x

- Background field method:
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Functional matching

- Expand around background fields

Suv[®,P]+ ¢ xPx =Suv[Po, P ]+ 6 xPb
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+ Tree-level: T8¢ [¢p] = Suv[®s, o]
- One-loop: Flbovo’j[%] = ics log det Quy
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Functional matching

- Similar approach to EFT part, with Seer[¢] = SUS[4] + Siro%P[ ]
- T (o] = SEiF[9n]

© L% 9y] = S P[] + icslog det (- 5355 (44

- Tree-level matching yields SEEF[#b] = Suv[Pb, ¢ ]

* Note: ®p = Pp[p] = 2o 717 Fnldb]




Functional Matching

- For one-loop part introduce

5ZSUVint
op =~ [, ],
P 60'5[) |: b/¢b]
A, =P+ M2+ X,,,
P,=1iD,

- Matching condition yields
L - N
1EF-?OD[¢D] ICs Trlog (A¢ —X¢¢A¢WX¢¢)
- Evaluate using a Covariant Derivative Expansion

£ =6 2w (04.)



Complications due to statistics

- How to treat 5w6‘§—§¢5¢?

- What about 50(;5;—51@ fordeR and ¢ € C?

Diagonalizations necessary
Unified framework

Fermion Boson*
Hiz=(w v A) |o=(x & o)
Lle=(w ¢ A) | 6=(c o* 0)

*Possible to use result for massive vector bosons in Feynman gauge
(and to some extent for gauge bosons)



UOLEA

- One-loop result

;
L= == > Z F*(M;j, M;, .. O,
a jj...
- Here F*(M;,M;,...) are universal coefficients that are calculated
once and for all

Example:
4 4 2 2 4 2 2 4 4 4
MmN 13T 211 M =M log (M /™ )M] ~log (M} /") M; M =M
F(M,,MJ) - 6I[q ]ij T 16(M?-M?) + 24(M?-M?) +12(M$—Mf)e

* Theory dependence in OF , eg.
(X==2)iv" (X=2) ikt (X==) ey (X==)ii

[Py, (X==2);][P*, (X=2);i]
- Matching amounts to calculating derivatives and sums (and a lot
of algebra)



Status
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Known:

- Scalars and massive vectors [1706.07765]
- Unified framework: Fermions, scalars, massive vectors
- Regularization translation DRED-DREG [1806.05171]

Missing:

- gauge bosons (scalar-gauge-boson couplings)

- Higher dimensional operators with derivative couplings in ‘full’
theory

- Ghosts



How to use the UOLEA




Example: Integrating out the gluino from the MSSM

Lerr o c(Et) (Tt (4 ty)
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Example: Integrating out the gluino from the MSSM

Lerr > c(F5t0) (i) (Tety)
Relevant interactions

Lint = V295 (tPrG° T — TPLGT %R + E (§%)TTOCP.t - T5(§°) TOCPRL)
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Leer > c(Bit) (i) (Eety)
Relevant interactions
Lint = V295 (tPrG° T — TPLGT %R + E (§%)TTOCP.t - T5(§°) TOCPRL)
Relevant UOLEA operators

1
—LuyoLea 2
K

tr{ = 10" TG e (Xze) " (Xe) P Xz )P (Xez ) (e )i (Xes)

_6I[Q] g[U/p(Th)\(X—f) ’Y‘L(Xé )b V(X_é); p(xﬁ )C U(X_ )feWR(X&E)g’Y/\}



Example: Integrating out the gluino from the MSSM

Leer > c(Bit) (i) (Eety)
Relevant interactions
Lint = V295 (tPrG° T — TPLGT %R + E (§%)TTOCP.t - T5(§°) TOCPRL)
Relevant UOLEA operators
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1= 0 o K
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X=¢ and X¢= calculated from Ly

(Xze)%s = ~V203 (T2 [E5(P)ap ~ B (PR)as | T[(PR)astyy - (Pasly]),

7 [(PR)asty — (PL)aslri]
)4 - ) Eo =
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Example: Integrating out the gluino from the MSSM

Insert and calculate...

2 . 7 )
c= —gd(d + 2)g§méz[q4]g3o _ §d(d2 6d 4 8)Q§I[q6]g%

Computational step is simple but tedious



1. Given the Lagrangian specify which fields are heavy

2. Determine which operators are of interest

3. Calculate appropriate derivatives Can be automated
4. Plug into formula and do algebra Can be automated

14



Conclusion and Outlook




Conclusion and Outlook

- The UOLEA is a promising result for automation of one-loop
matching

- Now the actual automation part has to be performed
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