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Overview of CMS EXO results
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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The SMEFT

Expansion into higher dimensional operators:

Le o

—_ 4 d Ci U

LsmerT = LM + 12 O/A%)  o1=d

® Bottom-up approach: write low-energy observables in terms of
effective coeflicients, no mention of the UV details.

® Top-down approach: calculate value of wilson coeflicients for
particular UV scenarios.
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‘ Bottom-up approach: UV /IR dictionaries

Detect language German Spanish English v Pl
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‘ Bottom-up approach: UV /IR dictionaries

Oxford

Engh%h

L
LsmerT = LM + Ag




‘ Bottom-up approach: UV /IR dictionaries

£U |%4 ® What is the data telling us?
Oxford
Dictionary of
A English = UV/IR dictionaries tell us all
SM extensions which can
contribute to a particular
experimental observable (at an
[:6 order in the EFT expansion)

LsmerT = LM + 2




| Top-down approach: UV /IR dictionaries

® What are the low-energy

consequences of a particular UV
Oxford scenario?

Dictionary of

English = UV/IR dictionaries allows to
map all these contributions
finding correlations among

WCs.

L
LsmerT = LM + Ag

 Done at a specific perturbative
order through matching.
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| Dictionary at tree-level
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De Blas, Criado, Perez-Victoria, Santiago, 1711.10391
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| Dictionary at tree-level
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Craig, Jiang, Li, Sutherland 2001.00017 De Blas, Criado, Perez-Victoria, Santiago, 1711.10391
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‘ Dictionary at one-loop

® Current experimental precision needs one-loop matching.

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

. Das Bakshi, Chakrabortty,Kumar Patra, 1808.04403
° _ 9 9 9
CODEX/ MatChete FunCtlonal' Fuentes-Martin, Konig, Pagés, Thomsen, Wilsch, 2212.04510

* MatChmakereft - Diagrammatic. Carmona, Lazopoulos, Olgoso, Santiago, 2112.10787

® However, creating a dictionary at this order is not immediate —
infinite completions.




‘ The dictionary — first iteration

® Consider operators with

leading contribution at | X3 X2H? |  ¢XH+he |
_ Oy = FAECGI QPGP | Ope=GAC »HIH | 0,0 = @ A+ uw)HGL,
one-loop (weakly coupled o — pasechigingte | o' _GheAwtE | On — @omu)e WL,
renormalizable UV) Oy = eVKWEW/ W, | 0y, =WLWIHHIH | 0,5 = @o*u)H By,
O = e 7FWI' N St O =WuW™HH | Oy = (qT 0" d)HG,
. Oyp=B.,B"HH O = (Go"d)o! HW!

[ | HB i dW pr
Limit UV theory to heavy O _BuBWHH | Oun — @od)HB,,
scalars and fermions with Onwe = Wi B HI H | 04 = [lote)o' HW],

O, o, = WLBWHIGIH | 0,5 = [lo"e)HB,,

renormalizable interactions




The dictionary

Luyy =0y, ¥V, [ilD — M\I!a] U, + da, [|D,uq)a’2 - M§>G|‘I’a\2]

+ Y YA TLPYO + VTP

abe
x==5L,R

I X

abe

Ve, P Wy, + X5, U0 P 0,08 + hic

+[;~@abcq> By D, + 1 BBy Dl + Aapea®a®y oDy

+ Npea@a®p®c0h + N, B, Dy Bl +hc]

Gauge structure of UV couplings kept arbitrary.
Match using matchmakereft




The dictionary

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

Example: G.G., Olgoso 2205.04480
1N e
2.2 c R ¥, W Y, Pt
Moy = A YMYFYy E T12g [%IJTI'I Loy + 0Ly 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
i, KXHXFHKXXKXKKKKKKXXXKXXXAAFXR GroupMath XXXXXXXXKXX XXX I KKK KKXX
(2 Version: 1.1.2 (6/May/2020)
Author: Renato Fonseca
Reference: 2011.01764 [hep-th]
Website: renatofonseca.net/groupmath
Built-in documentation: here

KX HXKKKKIHHRRXHH XK HK KKK X KR XXX IKI XA HKRX -
XXXX




The dictionary

Dictionary can be used in two directions:

Bottom-up: Which UV models generate a specific Wilson
Coeflicient?

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




The diCtionaI'y Oy = (QLU'LWTACZR) ¢Gﬁy

Bottom-up: Which UV models generate a specific Wilson
Coefficient? Which restrictions?

inz= listofmodels = ListModelsWarsaw[alphaOdG[i, j]1}

MatrixForm[Join[Take[listofmodels[1], {1, 3}], {{"-+.."y "....", "...."}}, Take[listofmodels[1l], {20, 22}],
{0, "L "}, Take[listofmodels[1], {145, 146}], {{".-..", "....", "...."}}]]
Out[3)//MatrixForms=
Field Content SU(3)®SuU(2) u(l)
{1} {#1 5301} {Yor 51}
{01} {01301} {Yor > 2}
{61, $2} {61822, $2262>803} {Yor- -2, Yoo}
{¢l, y1} {41891>301} (Yo - & +Ya)
{¢l, yl} {¥1031>302} {Yo1 - _% + Yo
{91, y1, 42} {¥ledl>3e2, yley2>1e82, y2e8¢l>381} (Y, A->_—é s A P _i ~Yg1}
{¢1, v1, y2} {vledl->3e2,y2e¥lole2, y2edl>30l} {Yu->-1+Yu, Yuol+v,)




The dictionary Ouc = (qLo™ Tadg) $G2,

Bottom-up: Which UV models generate a specific Wilson
Coefficient? Which Quantum Numbers?

inf13- 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}1111

Model restriction :{{zfal, ul, 42}, {wl@c)TI33®2, yley2-1e2, y2eol 33@1], {leq—% +Ya1, Yy2 = —% —le}}

List of Models:

[ plslaleY, w1—>3®2®(-§+vm] 4(2—)381@(—%—\"(‘.,1)
6151228V, w143®1®(7%+\"¢l] w243®2®(7§7\"@1)
$151828Y,, ;a1_>3®3®(_%+v¢,1] w293®2®(—%—\"w1)
¢1-515'840VY, w1a10®3®(7§+\f¢1] w2a1—5®4®[—§—v@1)
61 -515'g48Y,, wl—;10®5®(_%+\f¢1] w2_>1’6®4®[_%_v@1)
#1515'@58Y,, w1_>19®4®(_% ‘vm] l}lZ—)Tﬁ@S@(—% —Ym)




The dictionary

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

5= NiceOutput[
Limit[
Match2Warsaw[alphaOdG[i, j], {Sa-> {1, 1, Y1}, Fa-> {3, 2, (1/6) -Y1},
Fb- {3,1, -(1/3) -Y1}}] /. L1[qLbar, dR, phi][__] » 0 // FullSimplify,
{MFa » MSa, MFb » MSa}], True]
{83 > g3, MSa > Ms,, L1[Fabar, Fb, phi, L] » A" g5 ¢, 4, LL[Fabar, Fb, phi, R] » AR5 ¢y o,

L1[qLbar, Fa, Sa][1] - Agr fa,sal’|» L1lbar[dRbar, Fb, Sa][j] > —R’Fb,Sa[J'l}

M L i 11 3 &)
B3 | mrmg— 94 FEE AGC.Fa.s
Out[s]- — ( Gl e 4 a, ,¢) qL,Fa,sa dR,Fb,Sa

384 2 M,




‘ The dictionary — compute all WCs

Automatic creation of
Create Lagrangean of UV model FeynRules model

iz~ CreateLag[{Sa- {{©, 0}, 1, Y1}, Fa- ({0, 1}, 2, -(1/6) + Y1}, Fb - {{1, 0}, 1, -(1/3) - Y1}}]
oufzl= {Sa® Sabar?® Agz sz,sa,sa + Sa DRbar [spl, 0, ccO] .Fb[spl, ccl] Agg,m,sal ' TC51[ccO, ccl] +

Sa Sabar Phi[ss2] Phibar[ss@] 23,53,0,5a 1511[ss0, ss2] +

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, ssl, ccl]].QL[spl, ss2, ffO, cc2] Aﬁ,FaTqufﬂ” TC41l[ccl, cc2] xTS41[ss1, ss2],

{Ts11 - {{1, @}, {@®, 1}}, TC31- {{1, O, O}, {6, 1, @}, {0, 0, 1}}, TS31 > {{9, -1}, {1, O}},

TC41 - ({1, ©, B}, {0, 1, 9}, {0, 0, 1}}, TS41 > {{0O, -1}, {1, ©®}}, TC51-> ({1, @, O}, {0, 1, O}, {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"]




Phenomenology

® Next step would be to use matchmakereft to compute the matching
results and smelli to verify the viability of some parameter points

[ [ 4

| Matchmakereft : | smelli :

D : I n

: Full one loop matching & : Fi n
. 1 it to observables 1

i1 onto the Warsaw basis ’ I "

A. Carmona, A. Lazopoulos, P. Olgoso, J. Santiago J. Aebischer, J. Kumar, P. Stangl,
2112.10787 and D. M. Straub 1810.07698




The dictionary — general results

a3y

X3

O3G _ fABCGAuGBPGCH
- fABCGAuGBPG(#
ng o EIJKWIVWJPWK#

Oﬁ,‘{ — K WIVVVIPWK#

gz H
ROM

= B3 P e~ =

THTETE ) = i R85

)

)

.

.

Dirac fermions
Majorana fermions
complex scalars
real scalars




Conclusions

® The effective approach allows us to parametrize low-energy
observables through WCs with no mention of UV

= UV/IR dictionaries allow us to efficiently connect these WCs (and
therefore observables) with ALL possible UV origins

® Dictionaries can work as a guiding principle

® Since one-loop effects are relevant, dictionary at this order should be
computed: SOLD
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