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CMS-PAS-EXO-19-009 (pp + , pp + )pp + Z/ + X 0.6 1.6 TeV  37 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.04) 0.108 0.34 TeV  137 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.004) 0.015 0.075 TeV  137 fb 1
1911.03947 (2j)Scalar Diquark 0.5 7.5 TeV  137 fb 1

1911.03947 (2j)Color Octect Scalar, k2
s = 1/2 0.5 3.7 TeV  137 fb 1

1808.01257 (1j + 1 )Higgs  resonance 0.72 3.25 TeV  36 fb 1
2106.10509 (1j + 1 )W  resonance 1.5 8 TeV  137 fb 1

1712.03143 (2 + 1 ; 2e + 1 ; 2j + 1 )Z  resonance 0.35 4 TeV  36 fb 1
1911.03947 (2j)String resonance 0.5 7.9 TeV  137 fb 1

CMS preliminary
Overview of CMS EXO results

March 2023

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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2001.04521 (2 + 2j)Excited Lepton Contact Interaction 0.2 5.7 TeV  77 fb 1
2001.04521 (2e + 2j)Excited Lepton Contact Interaction 0.2 5.6 TeV  77 fb 1

2103.02708 (2 )quark compositeness ( ), LL/RR = 1 <36 TeV  140 fb 1
2103.02708 (2 )quark compositeness ( ), LL/RR = 1 <24 TeV  140 fb 1
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CMS-PAS-EXO-21-012 (1 + 2j + pmiss
T , 2 + pmiss

T )dark Higgs model, gq = 0.25, gDM = 1, = 0.01, m = 200 GeV, mZ ′ = 700 GeV 0.16 0.352 TeV  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 7, D = 0.1 0.02 0.08 TeV  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 6, D = 0.1 0.003 0.08 TeV  137 fb 1
CMS-PAS-EXO-21-007 (pp + )axion-like particle, f 1 = 1.2 TeV 1 0.5 2 TeV  103 fb 1

1811.10151 (1 + 1j + pmiss
T )Leptoquark mediator, = 1, B = 0.1, X, DM = 0.1, 800 < MLQ < 1500 GeV 0.3 0.6 TeV  77 fb 1

1908.01713 (h + pmiss
T )Z′ 2HDM, gZ′ = 0.8, gDM = 1, tan = 1, m = 100 GeV 0.5 3.1 TeV  36 fb 1

2112.11125 (2j + pmiss
T )Z′ mediator (dark QCD), mdark = 20 GeV, rinv = 0.3, dark = peak

dark 1.5 5.1 TeV  138 fb 1
1908.01713 (h + pmiss

T )Baryonic Z′, gq = 0.25, gDM = 1, m = 1 GeV <1.6 TeV  36 fb 1
1810.10069 (4j)complex sc. med. (dark QCD), m DK = 5 GeV, c XDK = 25 mm <1.54 TeV  16 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (tt), gq = 1, gDM = 1, m = 1 GeV 0.05 0.42 TeV  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV <0.3 TeV  36 fb 1

2107.13021 ( 1j + pmiss
T )pseudoscalar mediator (+j/V), gq = 1, gDM = 1, m = 1 GeV <0.47 TeV  101 fb 1

2107.13021 ( 1j + pmiss
T )scalar mediator (fermion portal), u = 1, m = 1 GeV <1.5 TeV  101 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )scalar mediator (tt), gq = 1, gDM = 1, m = 1 GeV 0.05 0.4 TeV  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )scalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV <0.29 TeV  36 fb 1

2103.02708 (2e, 2 )(axial)-vector mediator ( ), gq = 0.1, gDM = 1, g = 0.1, m > mmed/2 0.2 4.64 TeV  140 fb 1
2107.13021 ( 1j + pmiss

T )(axial-)vector mediator ( ), gq = 0.25, gDM = 1, m = 1 GeV <1.95 TeV  101 fb 1
1911.03947 (2j)(axial-)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.5 2.8 TeV  137 fb 1

2103.02708 (2e, 2 )vector mediator ( ), gq = 0.1, gDM = 1, g = 0.01, m > 1 TeV 0.2 1.92 TeV  140 fb 1
1911.03761 ( 3j)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.35 0.7 TeV  18 fb 1
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1810.10092 (6j)RPV gluinos to 3 quarks <1.5 TeV  36 fb 1
1806.01058 (2j)RPV gluino to 4 quarks 0.1 1.41 TeV  38 fb 1

1806.01058 (2j)RPV squark to 4 quarks 0.1 0.72 TeV  38 fb 1
1808.03124 (2j; 4j)RPV stop to 4 quarks 0.08 0.52 TeV  36 fb 1
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2202.06075 ( + pmiss
T )split-UED, 2 TeV 0.4 2.8 TeV  137 fb 1

2201.02140 (2j)3-brane WED gKK( + g ggg), ggrav = 6, ggKK = 3, = 0.5, m( )/m(gKK) = 0.1 2 4.3 TeV  137 fb 1
1805.06013 ( 7j( , ))non-rotating BH, MD = 4 TeV, nED = 6 <9.7 TeV  36 fb 1

CMS-PAS-EXO-20-012 ( + j)RS QBH ( j), nED = 1 2 5.2 TeV  137 fb 1
1803.08030 (2j)RS QBH (jj), nED = 1 <5.9 TeV  36 fb 1

1911.03947 (2j)RS GKK(qq, gg), k/MPl = 0.1 0.5 2.6 TeV  137 fb 1
1809.00327 (2 )RS GKK( ), k/MPl = 0.1 <4.1 TeV  36 fb 1

2103.02708 (2 )RS GKK( ), k/MPl = 0.1 <4.78 TeV  140 fb 1
CMS-PAS-EXO-20-012 ( + j)ADD QBH ( j), nED = 6 2 7.5 TeV  137 fb 1

2205.06709 ( )ADD QBH ( ), nED = 4 <5 TeV  137 fb 1
2205.06709 (e )ADD QBH (e ), nED = 4 <5.2 TeV  137 fb 1

2205.06709 (e )ADD QBH (e ), nED = 4 <5.6 TeV  137 fb 1
1803.08030 (2j)ADD QBH (jj), nED = 6 <8.2 TeV  36 fb 1

2107.13021 ( 1j + pmiss
T )ADD GKK emission, nED = 2 <10.8 TeV  101 fb 1

1812.10443 (2 , 2 )ADD ( , ) HLZ, nED = 3 <9.1 TeV  36 fb 1
1803.08030 (2j)ADD (jj) HLZ, nED = 3 <12 TeV  36 fb 1
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1811.03052 ( + 2 )excited muon, fS = f = f ′ = 1, = m * 0.25 3.8 TeV  36 fb 1
1811.03052 ( + 2e)excited electron, fS = f = f ′ = 1, = m *

e 0.25 3.9 TeV  36 fb 1
CMS-PAS-EXO-20-012 ( + j)excited b quark, fS = f = f ′ = 1, = m *

q 1 2.2 TeV  137 fb 1
CMS-PAS-EXO-20-012 ( + j)excited light quark (q ), fS = f = f ′ = 1, = m *

q 1 6 TeV  137 fb 1
1911.03947 (2j)excited light quark (qg), = m *

q 0.5 6.3 TeV  137 fb 1
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2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Singlet 0.125 0.15 TeV  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Doublet 0.1 1.045 TeV  137 fb 1

2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III seesaw heavy fermions, Flavor-democratic 0.1 0.98 TeV  137 fb 1
1806.10905 ( 1j + + e)MSM, |VeNV*

N|2/(|VeN|2 + |V N|2) = 1.0 0.02 1.6 TeV  36 fb 1
1802.02965; 1806.10905 (3e; 1j + 2e)MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001 1.43 TeV  36 fb 1

1802.02965; 1806.10905 (3 ; 1j + 2 )MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001 1.24 TeV  36 fb 1
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1911.03947 (2j)Axigluon, Coloron, cot = 1 0.5 6.6 TeV  137 fb 1
1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR <3.5 TeV  36 fb 1

2112.03949 (2e + 2j)LRSM WR(eNR), MNR = 0.5MWR <4.7 TeV  36 fb 1
2212.12604 ( + pmiss

T )SSM W′( ) 0.6 4.8 TeV  137 fb 1
2112.03949 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR <5 TeV  36 fb 1

1911.03947 (2j)SSM W′(qq) 0.5 3.6 TeV  137 fb 1
1909.04114 (2j)Leptophobic Z′ 0.05 0.45 TeV  78 fb 1

2202.06075 ( + pmiss
T )SSM W′( ) 0.4 5.7 TeV  137 fb 1

2205.06709 ( )LFV Z′, BR( ) = 10% 0.2 4.1 TeV  137 fb 1
2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2 4.3 TeV  137 fb 1

2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2 5 TeV  137 fb 1
2103.02708 (2e, 2 )Superstring Z′ 0.2 4.6 TeV  140 fb 1

1905.10331 (1j, 1 )Z′(qq) 0.01 0.125 TeV  36 fb 1
1911.03947 (2j)SSM Z′(qq) 0.5 2.9 TeV  137 fb 1

2103.02708 (2e, 2 )SSM Z′( ) 0.2 5.15 TeV  140 fb 1
CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 3 × 10 6  (90% C.L.) 0.0042 0.0079 TeV  97 fb 1

CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 7 × 10 7 (90% C.L.) 0.0011 0.0026 TeV  97 fb 1
1912.04776 (2 )ZD, narrow resonance, 2 = 4 × 10 5 (90% C.L.) 0.11 0.2 TeV  137 fb 1

1912.04776 (2 )ZD, narrow resonance, 2 = 8 × 10 6 (90% C.L.) 0.0115 0.075 TeV  137 fb 1

TeV



Expansion into higher dimensional operators:

The SMEFT

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

 Top-down approach: calculate value of wilson coefficients for 
particular UV scenarios.  

G. Guedes @ DESY Theory Workshop 2023                2/20



Bottom-up approach: UV/IR dictionaries
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Bottom-up approach: UV/IR dictionaries
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Bottom-up approach: UV/IR dictionaries

 What is the data telling us?

 UV/IR dictionaries tell us all 
SM extensions which can 
contribute to a particular 
experimental observable (at an 
order in the EFT expansion)

G. Guedes @ DESY Theory Workshop 2023                3/20



Top-down approach: UV/IR dictionaries

 What are the low-energy 
consequences of a particular UV 
scenario?

 UV/IR dictionaries allows to 
map all these contributions 
finding correlations among 
WCs.

● Done at a specific perturbative 
order through matching.

G. Guedes @ DESY Theory Workshop 2023                4/20



Dictionary at tree-level

 Tree-level dictionary to the 
SMEFT @ dim-6 already exists, 
with all possible extensions 
which can generate WCs and 
their explicity contribution.

De Blas, Criado, Perez-Victoria, Santiago, 1711.10391De Blas, Criado, Perez-Victoria, Santiago, 1711.10391

<latexit sha1_base64="Qirjkax8mrVsMSqc3KdQfdFWzc4="></latexit>
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Dictionary at tree-level

 Tree-level dictionary to the 
SMEFT @ dim-6 already exists, 
with all possible extensions 
which can generate WCs and 
their explicity contribution.

 Some operators can be 
generated at one-loop

● Considering weakly coupled 
renormalizable UV

De Blas, Criado, Perez-Victoria, Santiago, 1711.10391De Blas, Criado, Perez-Victoria, Santiago, 1711.10391Craig, Jiang, Li, Sutherland 2001.00017

G. Guedes @ DESY Theory Workshop 2023                6/20



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.
● CoDEx/Matchete – Functional.
● Matchmakereft – Diagrammatic.

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

Das Bakshi, Chakrabortty,Kumar Patra, 1808.04403
Fuentes-Martín, König, Pagès, Thomsen, Wilsch, 2212.04510

Carmona, Lazopoulos, Olgoso, Santiago, 2112.10787

G. Guedes @ DESY Theory Workshop 2023                7/20



The dictionary – first iteration

 Consider operators with 
leading contribution at 
one-loop (weakly coupled 
renormalizable UV)

 Limit UV theory to heavy 
scalars and fermions with 
renormalizable interactions

G. Guedes @ DESY Theory Workshop 2023                8/20



The dictionary 

Gauge structure of UV couplings kept arbitrary.
Match using matchmakereft

G. Guedes @ DESY Theory Workshop 2023                9/20



The dictionary 

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

Example: 

The next step is to specify Quantum numbers of UV scenario 
– GroupMath computes possible CGs

Fonseca 2011.01764

G.G., Olgoso 2205.04480

G. Guedes @ DESY Theory Workshop 2023               10/20



The dictionary 

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

G. Guedes @ DESY Theory Workshop 2023               11/20



Dictionary can be used in two directions:

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

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

The dictionary 

G. Guedes @ DESY Theory Workshop 2023               12/20



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

The dictionary 

G. Guedes @ DESY Theory Workshop 2023               13/20



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

The dictionary 

G. Guedes @ DESY Theory Workshop 2023               14/20



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

The dictionary 

G. Guedes @ DESY Theory Workshop 2023               15/20



Create Lagrangean of UV model

Run Matchmakereft directly

The dictionary – compute all WCs 
Automatic creation of 
FeynRules model

G. Guedes @ DESY Theory Workshop 2023               16/20



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

Phenomenology

Matchmakereft

Full one loop matching
 onto the Warsaw basis

& smelli
Fit to observables

A. Carmona, A. Lazopoulos, P. Olgoso, J. Santiago 
2112.10787

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

G. Guedes @ DESY Theory Workshop 2023               17/20



The dictionary – general results 

G. Guedes @ DESY Theory Workshop 2023               18/20



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

G. Guedes @ DESY Theory Workshop 2023               19/20



Thanks
guilherme.guedes@desy.de
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