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Travelling through the SMEFT

Data points to IR pattern From the EFT

Which UV models? To the UV

V

Which low-energy pheno? And back




What are UV/IR dictionaries

Luv

Oxford

Dictionary of

English

IR data




‘ Bottom-up approach: UV /IR dictionaries

L Uv ® What is the data telling us?
Oxtord
l)iclionzl.r) of
A English = UV/IR dictionaries tell us all
SM extensions which can
‘ contribute to a particular
experimental observable (at a
[:6 given order in the EFT

LsmerT = Lsm + F expansion)




| Top-down approach: UV /IR dictionaries

Luv ® What are the low-energy

consequences of a particular UV
Oxford scenario?

Dictionary of

English m UV/IR dictionaries allows to
v map all these contributions
WCs.

finding correlations among

L
LsvEFT = LM + A—g

 Done at a specific perturbative
order through matching.
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| Dictionary at tree-level
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| Dictionary at tree-level

S 51 32 Y = El 91 9'3
Ly, @y, 0N, 02, 03 (13, (04, 04,
. _ . . W Wa Wy H1 H? C
Tree-level dictionary to the o By By Gy G2 GO
SMEFT Q dim-6 already exists, s o o | 5| o
with all possible extensions G, G G, 63, 62,
which can generate WCs and — — > ™ = =
their explicity contribution. (L), (LD, (LY, (L2 13, 13),
U D Ql Q‘3 Q’r’ Tl Tz
I Some Operators can be (371)% (3,1)7% (3,2)% (3.2)7% (3.2)% (3,3) L (3,3)%
generated at one-loop T
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Dictionary at one-loop

® Non-linear couplings to the SM — less constrained — contribute
only at loop-level,
* Dark Matter or exotically charged particles

® Significant progress in the past few years in the development of
automatic tools to perform matching at one-loop.

@ \ FATCHETE |\

matchmakereft
Carmona, Lazopoulos, Olgoso, Santiago, 2112.10787 Fuentes-Martin, Konig, Pagés, Thomsen, Wilsch, 2212.04510




The dictionary

Lov =00, Ta[iP — My, | o + 0, [[Du@al® — M3, |8,

+ >

X U, P, U, ®, + YX U, P, 0,of
x=L,R

+ XX U, P U, + XY U, P 0, df 4 h.c.]

abe

—|—[/~£abc<I> By D, + 1y BBy Dl + \apea®a®y oDy

+ Nopea@a®p Bl + N, B, D, DI +hc]

Gauge structure of UV couplings kept arbitrary.
Match diagrammatically




The dictionary

WCs are therefore given in terms of UV couplings and Clebsch-
Gordon tensors.

Example: G.G., Olgoso 2205.04480
1N e
22 c R ¥,V Y, Pt
My = A YMYFYy E 172y [%IJTI'I Loy + 0l ) 2IJ’]
1J

The next step is to specify Quantum numbers of UV scenario

— GroupMath computes possible CGs
Fonseca 2011.01764




The dictionary

Dictionary can be used through the Mathematica package:
SOLD (SMEFT One-Loop Dictionary)

Inf1):= << SOLD”
SMEFT One Loop Dictionary loaded
Version: 1.0.1

Authors: Guilherme Guedes, Pablo Olgoso, José Santiago
Reference: arXiv:2303.16965

Webpage: https://gitlab.com/jsantiago_ugr/sold
RXHAFHXXHKXKKKKKKXXXKXXXAXXK GroupMath XXKXXXXX KX KX IKKKKKKKKX
Version: 1.1.2 (6/May/2020)

Author: Renato Fonseca

Reference: 2011.01764 [hep-th]

Website: renatofonseca.net/groupmath

Built-in documentation: here

KKK KKIHORXHH KK HK KRR X KR XXX XKHIKHXHHKIAKKRX -
XXXX




Using the dictionary

Dictionary can be used in two directions:

Bottom-up: Which UV models generate a specific Wilson
Coeflicient?
ListModelsWarsaw[op, Truel
'\ No SM couplings

n2243- ListModelsWarsaw[alphaOlql, True]

Juti« FMatrixForm=
[ » FiMatrixForm=

Field Content SU(3)@su(2) U(1)
8! {01 >182) {Yor > -7}
{1} (01 5301} [Ym_,_i]
{1} (61 5392} [Y¢1—>§]
{01} {01 5383} {Yor > -3}




‘ Using the dictionary

Dictionary can be used in two directions:

Bottom-up: Which UV models generate a specific Wilson

Coefficient?
ListModelsWarsaw[op, Truel
{01, wl, 42} {vle0l 102, Y2001 >302} [YL_,-,.I—>—§—Y¢1, Yﬂ_)_-é + Yo}
{01, w1, 42} {vle0l>102, Y2001 >302} [YL_,-,-l—>'-;+Y¢1, Y¢.2—>—§ + Vo }
{01, wl, 42} (Wle¢l o102, y2e¢l 5302} [Y_m..lﬁ»_i_vm, Y,';,z—):-é—Y@l}
{01, wl, 42} (Wleel 102, y2@pl 5302} [Y_m.lﬁ»_i_\rm, Y,;,H:—éwﬂ}
{01, w1, 42} (le¢pl 5102, y28¢l 2302} [Ym.lai—‘(,;,l, Y4.2—>é ~ Yo}
{01, wl, 42} (Wlegpl o102, y2e¢l 5302} [Y_m..lﬁ_iwm, vwﬁé_vm}




Using the dictionary
ListValidQNs [restrictionl]

13- modelQNs = ListValidQNs[listofmodels[1l, 145]];
Print["Model restriction :", listofmodels[l, 145], "\nList of Models:\n",
MatrixForm[Join[Take[modelQNs, {1, 3}], {{"....", "....", "...."}}, Take[modelQNs, {-3, -1}]111]
Model restriction :{{d:l, 1, 42}, {¥ledl>382, yled2>1e2, V26l >3a1}, {Y,_.,l ﬁ_% F Vo1, Yyo o -% -vml}}
List of Models:
pl-lalay, :,Ul—)‘3®2®(— +v¢1] Y2 >30le [_é _vM)

¢pl-le28Y,, w1->3®1®(- wzasaz‘s[-é-vﬂ)

@l ol ol
+
-
S
=

$l 51828V, ¢1_>3®3®(_ +v¢l] eyzes@z@[_i_vwl)

se s .

91 515"048Y,, wl—)leasa:(_ +v¢1] w2—>r6®4®(-1-v@1]

3

91 515"042Y,, w1—>16®5®(_ +v¢1] w2_>1'6®4@[_§_v@1)

1
6
1
6
1
6

91 -15'858Y, wl—)18®4®(- |Y¢1] w2—>1—5®5®(—§—\’,,1)




‘ Using the dictionary

Top-Down: Which Wilson coefficients are generated by a specific
UV model?

Match2Warsaw[op,model]

In225]= Limit[Match2Warsaw[alphaOdd[3, 2, 3, 2], {Sa~-» {3, 3, -1/3}, Fa» {3, 3, 2/3}}], MFa-» MSa] /.

onelooporder » 1 // NiceOutput

2 5 3
(AdR,Fa,Sa[z]) (AdR,Fa,sa 1) ?

64 712 M2,

Out[225]= —

Only input: representations of the new fields




‘ The dictionary — compute all WCs

Create Lagrangean of UV model:

inz]- CreateLag[{Sa- {{0, 0}, 1, Y1}, Fa- {{0, 1}, 2, -(1/6) +Y1}, Fb> {{1, 0}, 1, -(1/3) -Y1}}]
ouzl- {Sa® Sabar’ As; s5.5a,50 + Sa DRbar [spl, ff0, ccO].Fb(spl, ccl] Agp rp,sa ) TC51[ccO, ccl] +
Sa Sabar Phi[ss2] Phibar [ss0] A3,53,0,5a 1911 [ss0, s52] +
CC[Fabar[spl, ss@, ccO]].left[Fb[spl, ccl]] Phi[ss2] A!"¢, g, TC31[ccO, ccl] TS31[ssO, ss2] +
CC|[Fabar[spl, ss@, ccO]].right[Fb[spl, ccl]] Phi[ss2] A"®'¢, ry , TC31[ccO, ccl] TS31[ssO, ss2] +
Sabar CC[Fabar[spl, ssl1l, ccl]].QL[spl, ss2, ffO, cc2] Aﬁ,Fa,qufm' TC41l[ccl, cc2] TS41[ssl, ss2],
(TS11 - ({1, 0}, {0, 1}}, TC31 > {{1, 0, 8}, {0, 1, O}, {0, 0, 1}}, TS31 - {{6, -1}, (1, 0}},
TC41 -5 ({1, 0, 0}, {0, 1,0}, {0, 0, 1}}, TS41 > {{O, -1}, {1, 0}}, TC51 > {{1, 0, O}, {0, 1, 0}, {0, O, l}}}}

Run Matchmakereft directly:

In[9]:= CompleteOneLoopMatching[{Sa->{{0,0},1,Y1},Fa->{{0,1},2,-(1/6)+Y1},
Fb->{{1,0},1,-(1/3)-Y1}}, "model"]




| Integrate the dictionary in a pheno study

Data points to IR pattern

ListModelsWarsawl[]

Dictionary maps possible UV origin

Match2Warsaw[]
CompleteOneLoopMatching[]

Complete one-loop matching

| Using smelli

€1
Complete one-loop phenomenology

J. Aebischer, J. Kumar, P. Stangl, D.M. Straub 1810.07698

\

>

All these steps can be done within
SOLD

Automated notebook to translate

from MatchmakerEFT to smelli,

that could be included in future
versions




A very brief example

Can we explain

B(B - Kv
gk - BB K)oy
B(B — KVV)|SM
at the loop-level? F.-Z. Chen, Q. Wen, and F. Xu,
2401.11552
el =65x1071 cV| = 557x1072
: 12232 : 4 13332
CP| =413x102  |Cy)|  =187x1072
| %4 13332 | % 13332

Which UV can accommodate this pattern?




A very brief example

Which models generate BOTH Oeq and Oyy ?

In[16]:= modelintersection =

Intersection[ ListModelWarsaw[alphaOld,True] [[1]] /.
List[List[a_, b_], c_, d_] /; b > a :> List[List[b, al], c, -d]
/. Sb -> Sa, ListModelWarsaw[alphaOlql,True] [[1]] /.

List[List[a_, b_], c_, d_] /; b > a :> List[List[b, al], c, -d4d] /.
Sb -> Sal




‘ Let me choose one model that does not work.

SM+® ~ (8,2,1/2) + U (8,1,0)

Limit [Match2Warsawl Limit [Match2Warsaw [
alphaOlq1([3, 3, 3, 2], {sa -> {8, 2, 1/2}, alpha0lq3[3, 3, 3, 21, {Sa -> {8, 2, 1/2},
Fa -> {8,1,0}}], MFa -> MSa]/.onelooporder->1 // NiceOu Fpa _> {8,1,0}}], MFa -> MSal/.onelooporder->1 // NiceQutput

3y 3 a1, 2] 1, 3 Bl By ALy (A1, 3]
[0(1)] _ Mg Fa i s ra i PR gL sa ™ g g sal [ (3)} _ Asapal Asapall MRgLsa | AdRdLSa
q | 3339 19272 M2, q ] 3332 19272 M3,
3 f 3 f 3 2, i1y 33 3y 3, fl1
B )‘q_L,sa,uRp’ 1])‘§,Fa,1L[3]A@,Fa,lL[sl)‘q_L,sa,uR[& U . )‘q_L,Sa,uR[ b‘Sa,Fa,lL[ ])‘Sa,Fa,lL[ ]AqL,Sa,uR[ ]

19272 M2, 19272 Mg,




Let me choose one model that does not work:

SM + @ ~ (8,2,1/2) + ¥ (8,1,0)

ine]:= Limit[Match2Warsaw[alphaOld[3, 3, 3, 2],
{Sa-» {8,2,1/2}, Fa-» {8, 1, 0}}], MFa -» MSa] /.
onelooporder - 1/. gl - 0 // Expand // NiceOutput

(fl1, 2 3] ¥ [fl1, 3]

3 —
AFa,1L,sa ) AgL,dR, sa P Xra, 1,82 AGL,dR, 52

Out[6]l= —

96 1% M2,




Conclusions

= UV/IR dictionaries efficiently connect the SMEFT (and therefore
observables) with possible UV origins

® Since one-loop effects are relevant, a dictionary at this order should be
computed: SOLD - only package that can go from EFT to UV

® Future directions: include vectors and non-renormalizable UV?
Interface with further packages in the EFT ecosystem.
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