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Tools: SModelS

* The tool was developed by theorists and experimentalists
* |t has an active group of collaborators
* [t is In constant development
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310 m * 61 ATLAS results
(onAug7 -0 3dfced2 [{)zip [f)targz [T Notes * 64 CMS results

3.03.post1 m

(WonMar11 o 7677804 [ zip [§) targz [[) Notes

3.03 m

(DonMar10 -0- 78428a4 [F) zip [)targz [[) Notes

3.0.2 m

(Donjan22 -0 ©22a2a3 [)zip [§) targz [[) Notes

3.01 m

(D ono0Oct31,2024 -0 38a35dc [§) zip [§) targz [[) Notes

3.00 m

(D onAug 21,2024 -0 72f8da8 [F) zip [§) targz [[) Notes

233 m

(D onDec 19,2023 -0 b6602e7 [} zip [F) targz [7) Notes



André Lessa

Tools: SModelS

* The tool was developed by theorists and experimentalists
* |t has an active group of collaborators
* [t is In constant development
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Tools: SModelS

* Recent developments
* Full statistical models (Pyhf)
* Global analysis combination

* Arbitrary models » graph theory
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Tools: SModelS

* Recent developments

* Full statistical models (Pyhf)
) * Global analysis combination
a4 * Arbitrary models » graph theory

e Future plans:
* Inclusion of Run 3 results
e More LLP (non-SUSY) results
* Impact of analysis combination
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Building the Next SM

* The large database of ATLAS and CMS results allow for a meta-analysis:
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13 TeV, L < 78/fb
175 - - 13 Tev, full £ * Currently the largest excess are at ~ 3-4c

------ standard normal
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* These are expected due to the huge
number of searches! (~1200 bins)
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Building the Next SM

* The large database of ATLAS and CMS results allow for a meta-analysis:

200 4 Hl 8 eV
13 TeV, L < 78/fb
175 - - 13 Tev, full £ * Currently the largest excess are at ~ 3-4c

------ standard normal

* These are expected due to the huge
number of searches! (~1200 bins)

|
-4 2 0 2 S——
significances

this plot contains 1199 5Rs from 62 analyses

* However, what if:

* Signal is dispersed over many final states (not easily visible by individual
searches)?

* The Next SM (NSM) does not match any of the UV models considered so far?

> How to infer the NSM from data?
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Building the Next SM

* We have built a prototype algorithm based on a MCMC for a dimensional space
of varying dimensions.

* The algorithm looks for dispersed signals which can be simultaneously
explained by minimal number of new particles.

PROTOMODEL

Random Test against Model
‘ changes to the - database ‘ (t)'b’el'tscc')tLed :
protomodel (SModelS) (compatibility wi ata)

Feedback for building
S. Kraml, AL, W. Waltenberger, JHEP 03 (2021) 207 new models
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Building the Next SM

* We have built a prototype algorithm based on a MCMC for a dimensional space
of varying dimensions.

* The algorithm looks for dispersed signals which can be simultaneously
explained by minimal number of new particles.

PROTOMODEL

Random Test against Model
‘ changes to the - database ‘ (t)'b’el'tscc')tLed :
protomodel (SModelS) (compatibility wi ata)

Feedback for building
S. Kraml, AL, W. Waltenberger, JHEP 03 (2021) 207 new models

e Future plans:
 New version under development
Reversible-Jump MCMC
Better statistical interpretation
Experimental bias
How to automatically build a Lagragian (FeynRules » UFQO)?
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* A common approach is to make use of EFTs to look for NP on SM measurements.
However...
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* A common approach is to make use of EFTs to look for NP on SM measurements.
However...

* |sthe EFT assumption valid/consistent?
 Are the EFT constraints valid even if the EFT assumption is violated?
* If not, are they too conservative/too aggressive?

 What are we missing by looking only for the on-shell or EFT regimes?



Effective Field Theories

* A common approach is to make use of EFTs to look for NP on SM measurements.

However...

* |sthe EFT assumption valid/consistent?

André Lessa

 Are the EFT constraints valid even if the EFT assumption is violated?

* If not, are they too conservative/too aggressive?

 What are we missing by looking only for the on-shell or EFT regimes?

 What happens in the transition regime? (ABSM > \/E)

2mrp < \/g .
qw/i){
DS X

; é1 <

L

Lpsy = |Dudr)® — ypmodhxtr + ...

On-shell

2mT =>> \/g
q t
q t
C('6) (6)
LSMEFT = ﬁOZ +
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Effective Field Theories

* A common approach is to make use of EFTs to look for NP on SM measurements.
However...

* |sthe EFT assumption valid/consistent?

 Are the EFT constraints valid even if the EFT assumption is violated?

* If not, are they too conservative/too aggressive?

 What are we missing by looking only for the on-shell or EFT regimes?

 What happens in the transition regime? (ABSM > \/E)

dOmp < V'3 2my ~ V3§ 2mp > V3§

t
! %y é q or A0 q t

P X e
>~m.w\ \ >.v.m.4 9%
q ér < - q PT Nt t ) )
t q t
2 t (6) C@ (6)
Lpsy = |D,uJ§bT| — yDMQbT)_(tR + ... Lyp = ZJ’T O + ... LSMEFT = Z ﬁOz + ...

(/
On-shell Form factors EFT
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Bevond EFTs

e Form factors encode the full kinematical dependence at any energy:

1 2
}“,L.(QQ,A?,,,_) Ncg_2 +C7}q_4+_._ » New features not
A A captured by EFTs!
= 500 GeV, m, = 400 GeV, ypy =5.0 : L :
10-2 o5 = JDM « New features in SM distributions:
- pp — tt (SM)
B 1 pp — tt (Form factor) e Broad resonance
1077 3 pp — it (EFT) . : :
: * Deficit of events at higher bins
g B (negative interference)
=
S
=6 . _
10_5—5
106é
0.02
e— pp — tt (1-loop) e pp — tt (EFT)
=
ZC” 0.01 -+
E
0.00 -+
=
_0.01 I I I I
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Beyvond EFTs

e Form factors encode the full kinematical dependence at any energy:

1 q>
2 A2 0 1
Fi(q?, A2, ...) ~ & v + ¢ A4 4o » New features not
captured by EFTs!
— 500 GeV, m, = 400 GeV, ypa =5.0 . o
102 — A -  New features in SM distributions:
ir . pp — tt (SM)
e =1 pp — #t (Form factor) * Broad resonance
1077 3 pp — it (EFT) . : :
; LL * Deficit of events at higher bins

B (negative interference)

tt

1 do
o dm(

l e~  Future plans

104 « New search strategies (Anomaly
' detection?)

e pp — tt (1-loop) === pp — ¢t (EFT) | 5;@%{”‘ - o Com blnlng EFT (IOW energy) and
form factors (high energy)
constraints

Npsrm/Nsu

» Model dependence » generic
features?

e Other observables?
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New Signatures - LLPs

SM Y g1 o
A2y~ 1 D; / _ The small coupling makes
T e Y meta-stable (long-lived)!
SM Y DM
: Small decay width
Large cross-section (large lifetime)

* There are several “minimal” scenarios which lead to LLP signatures.

2 _
- QDMh. =0.12 i Qparh? = 0.12 0
Freeze" N WIMP Region [
104 mow =1 GeV
. ;10_1
E 102 =
t mom = 1 MeV [ 5
F1072
100 i
mom = 10 keV '
10—2 : : : 10_3
500 1000 1500 2000 500 1000 1500 2000 2500
me (GeV) mx (GeV)

AL et al, JHEP 02 (2019) 186 J. Heisig, AL, L. Magno, PRD 710 (2024) 1



New Signatures - LLPs

 Many of these scenarios are not yet fully explored by searches.

André Lessa

* In the last years searches for LLPs have increased considerably at the LHC.

* The collaboration between the experimental and theory communities has
been key for developing the program.

* LLP Working Group (CERN-LPCC):

Theory: André Lessa

ALICE: Mesut Arslandok

ATLAS: Dominique Trischuk

CMS: Alberto Escalante del Valle

FASER: Dave Casper

LHCb: Gaia Lanfranchi and Andrii Usachov
MoEDAL: James Pinfold

SND@LHC: Cristovao Vilela
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New Signatures - LLPs

 Many of these scenarios are not yet fully explored by searches.

* In the last years searches for LLPs have increased considerably at the LHC.

* The collaboration between the experimental and theory communities has
been key for developing the program.

 LLP Working Group (CERN-LPCC):

* Future plans

Th A > L i '
eory: Andre Lessa « New trigger strategies

ALICE: Mesut Arslandok

ATLAS: Dominique Trischuk * Coordination of benchmarks for
CMS: Alberto Escalante del Valle searches

FASER: Dave Casper « Complementarity between

LHCb: Gaia Lanfranchi and Andrii Usachov prompt and LLP searches
MoEDAL: James Pinfold « New sighatures/gaps in coverage

SND@LHC: Cristovao Vilela
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Backup
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Building the Next SM

e Current run:

X3
450- —— A7
CMS-SUS-13-012

CMS-SUS-20-004 X3
Z
400-
h91%,7Z 8%
350-
300- X éV X%
250-
aq vv
200-
Xz
Xy —
150- CMS-EXO-20-004
o XZNLAS-EXOT-18-06
CMS-SUS-13-012
100- CMS-EXO-20-008 .
ATEASEXOT=18-06\ 7———— Analysis Name Type Dataset Topos Observed Expected Approxo
m [GeV] CM5-EXO-20-004 comb - TChilSR, TChiZISRgq 2e+02 fb 1e+02 fb 460
ATLAS-EXOT-2018-06 em EMI10 TChilSR, TChiZISRqq 413 359.00 +/- 10.00 250
CM5-5US5-20-004 comb - TChiHH 0.3 fb 0.2 fb 220

CM5-5U5-13-012 em 3NJetb_1000HT12 ... TChiZZ 32 22.80 +/-5.20 l.3co
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Building the Next SM
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EFT vs Direct Searches

* What happens when we consider complex scenarios? (MSSM)
* Are the EFT constraints valid/competitive?

0(6)(
A2

vssv  GAYCHTATMNN  SMErT
(Warsaw basis)

(4-component | Hod
spinors, diagonal Functional methods (CDE)

Higgs basis)

Laissm (Mg, ...) = LsvmerT = Lsm + )0(6) + O (A )

S. Kraml, AL, S. Prakash, F. Wilsch, arXiv:2506.05201

Cug > h (?16 Zp Cap 817 LF30 [m&p] - ?16 Zp Capg1* LF4, 1 [map] -

é 812 C% Vo™ yeP" LF3 0 [m."] +é 812 cs? Yo yaP" LFa, 1 [m)"] + % 812 (cs P~ S5 ITePT) (cpacP” -~ S5 yeP) LFs 1, 2 [mP, m,7] +
Zl; ZpCZB 81" LF3,0[m.P] ’Zl; ZpCZB g1* LFs, 2 [m.P] ’é 81° Cs° Ve yeP LFs,0[m. ] + % g1% (csaa® - s AVa"") (cpad® - spilysP") LFs,1, o[mgP, m"| +
iglz Cs® Ve  yeP" LFa, 1 [m."] _1716 g’ (2¢ ") (cpad®” - ssfiyaP") LFs 2, 1[mgP, mi T -
i 280 T T ) | OperatorToC++ ") (e 2" - 55 7yaP) LFas, o [mgP, my"] «
L g12 (-6 2 Vg Ve - 6552 TP Y P . ") (csad® - sgiyaP") LFs,1, o [mP, m
U Euﬁzydprydpueszyprypr s allows for the numerical ,2)<<;apr§wp>> LF{}

s pcaset e [nf] - § Nocst LR @vgluation of coefficients given [ (sear-acvr) thauofn, my) -
*gls 2 VaP" yoP" LF,, 1[‘r]+6*14(g1 (1 . ") (spa®” - ficpyuP) LFs o, a[mgPym "]+
L (a0t (L 3ca 2357 (-vscast) the input parameters N
S8 (e @ - s iVa") (cpad® - sp iy a— - - e ) (Sp AP - csyuP") LF3, 1,0 [m,", mP] +
;1.) g1? (csaa® - spAVa"") (csad® - spilydP") LFs,1, o[ g mPl 2—14 812 (spaP - fcsViP") (spalP -ficsyuP ) LFs o 1[mg", mP] -



EFT vs Direct Searches

S. Kraml, AL, S. Prakash, F. Wilsch, arXiv:2506.05201

10~
10—5_
10—6-
8
-7
E 10
10—8-
10— 1 my, =1.6TeV, m; =0.5TeV
B my, =1.6TeV, m; =1.5TeV
B ;, =20TeV, my =15TeV
10-10 | i | i

33 1)1133 3333 1)3333 1)3311 8)3311 8)1133
Cel (O I e N L€ it B o i I [0/ BN (@ iy B (07 ]

 Future plans

e EFT constraints vs direct searches Main collaborators:
S. Kraml (LPSC-Grenoble)
 Higgs sector (2HDM) vs EFT S. Prakash (IFIC)

e Multi-scale MSSM F. Wilsch (RWTH-Aachen)

André Lessa
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Tools: SModelS

* What is the real impact of LHC data on BSM models?

¥

andard M

SCTROMAGNETYg,

figure from J. Butterworth's talk@LPSC a | 6
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Tools: SModelS

* What is the real impact of LHC data on BSM models?
> Not an easy question!

Many (infinite) directions
(moo’e/s parameters )

K DOWN g’pﬁfm

& STI%‘GE

figure from J. Butterworth's talk@LPSC a i 6
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Tools: SModelS
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André Lessa

Tools: SModelS

* SModelS » software tool for collecting experimental results and
allowing for a quick assessment of constraints to BSM scenarios

SModelS

il P4\ .
K/%SS—\
Z DOWN ¢ Hire ,
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Tools: SModelS

* SModelS » software tool for collecting experimental results and
allowing for a quick assessment of constraints to BSM scenarios

\ &S
A_ K DOWN . 5 g
=il




SModelS: Basics

* Tool for reintrepretation of LHC results based on

rescaling of simplified model (SMS) results:

“Data"

Simplified “Eull Model
Models ’
Space

expensive
P @®---\-e

(recasting-» analysis code +

event simulation)

* Pros:

* Many SMS results have been
produced by the experimental
collaborations

* No need for recasting or event
simulation

* Sometimes the only alternative for
complex searches

* Very fast!

* Cons:

* The rescaling
extrapolates/interpolates signal
efficiencies

* Results are limited by the
available simplified models

* Results tend to be conservative
and underestimate the
experimental sensitivity
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SModelS: Basics

* SModelS performs 3 main tasks:

O
1. UV model » sum of SMS .{’O ~~~~~~~~~~ , ‘}‘
o
Input OO
2. Find the matching results ~ (SLHA or LHE file ®
INn the database N\ g .v:
w Ol o 2 «[Database
3. Compute constraints @ ) [ ¢
(limit setting) 0 -
° e
KO

- R o _©
ain approximation: tg :7.‘

SMS efficiencies are assumed to be
driven by the properties of on-shell

particles » masses, widths and Decompose

full Model
gquantum numbers Match

with Experimental Results

Compare
with Experimental Limits
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SModelS Graphs

* Graph Representation:

Node
(SM)
Nod ’ Node ’
BgMe Indices <
Root Node \ @ \\ ,@

(Primary Vertex)
O

e O

(BSM decay)

* Text Representation:

(PV > gluino(1),su_L(2)), (gluino(1) > N1(3),q(4),q(5)), (su_L(2) > q(6),N1(7))

node number
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SModelS v3: Database

* Non-Z> results:

ID Signature Luminosity SMS Topology Type
Run 2 - 13 TeV B
ATLAS-EXOT-2019-03 Dijet resonance 139 fb—1 pp — Z' — jj,bb UL
ATLAS-EXOT-2018-48 tt resonance 139 fb—! pp— 2 —tt UL
CMS-EXO-19-012 Dijet resonance 137 fb~1 pp — Z' — jj,bb UL
CMS-EX0O-20-008 b-jet resonance 138 fb—! pp — Z' — bb UL
CMS-EXO-20-004 Monojet 137 fb~1 pp— 2,5 — xx EM
ATLAS-EXOT-2018-06 Monojet 139 fb—1 pp — 2" — xx UL
ATLAS-SUSY-2018-22  Multi-jet plus 139 fb~1 pp — 2" — xx EM
ATLAS-SUSY-2018-13  Displaced jets 139 tb=!  pp — YN — jjj,jij:... EM
Run 1 - 8 TeV ~
CMS-EXO-16-057 b-jet resonance 19.7 b1 pp — Z' — bb UL
CMS-EXO-12-059 Dijet resonance 19.7 b1 pp — 2" — jj UL
ATLAS-EXOT-2013-11 Dijet resonance 20.3 fb~! pp — Z' — jj UL

ks
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Physics Study: 2MDM

* Two mediator DM

q g, X q, X

Statistical Combination of ATLAS + CMS

~ SModelS v3.0.0 2MDM model SMODELS v3.0.0 2MDM model
00 ’ 2.01 - - == combined
Ve —+ XX ,/ !E\\ LN 0.73
700 ’ iy ——" —— ATLAS-SUSY-2018-22
— g = V2,9, =0.25 //' Obsarved "' .’ ‘1. i | , | — CMS-EXO-20-004
6(](] G I R gx == ﬁ!f}ﬁ =0.15 // I.'—}' il ’ ] : \ : :.“' L 1.03 -
- gx=1,99=025 1 T | I '
% 500 A
S:D/ m, = 187 GeV
= 400 A L0 my = 1754 GeV
£ mg = 877 GeV
300 - e
.0 g, = 0.25
2001 4 sin(a) = (.25
/ I
100 d T i ; - . ! : Fobs(COMD) .38
=0( : 150( 20( (0.0 : 1l
500 1000 1500 2000 05 00 05 10 5

my (GeV) Signal strength p
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Building the Next SM
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Building the Next SM

* We have built a prototype algorithm based on a MCMC for a dimensional space
of varying dimensions.

* The algorithm looks for dispersed signals which can be simultaneously
explained by minimal number of new particles.
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Building the Next SM

* We have built a prototype algorithm based on a MCMC for a dimensional space
of varying dimensions.

* The algorithm looks for dispersed signals which can be simultaneously
explained by minimal number of new particles.

PROTOMODEL

Random Test against Model
‘ changes to the - database ‘ (t)'b’el'tscc')tLed :
protomodel (SModelS) (compatibility wi ata)

Feedback for building
S. Kraml, AL, W. Waltenberger, JHEP 03 (2021) 207 new models
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Building the Next SM

* We have built a prototype algorithm based on a MCMC for a dimensional space
of varying dimensions.

* The algorithm looks for dispersed signals which can be simultaneously
explained by minimal number of new particles.

PROTOMODEL

Random Test against Model
‘ changes to the - database ‘ (t)'b’el'tscc')tLed :
protomodel (SModelS) (compatibility wi ata)

Feedback for building
S. Kraml, AL, W. Waltenberger, JHEP 03 (2021) 207 new models

Kmax = 0.0 Keurrent = 0.0

XS X ¥
2000 A . Xl) b 7
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— @
51500 - ! | _
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<1000 + g
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Effective Field Theories

* With the increase of data (HL-LHC)
> SM observables measured at higher precision
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NP on SM measurements
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Effective Field Theories

* With the increase of data (HL-LHC)
> SM observables measured at higher precision

* Acommon approach is to make use of EFTs to ook for
NP on SM measurements

ABSM < \/g ABSM > \/E
On-Shell (BSM Searches) EFT (SM Measurerr(w(je)nts)
_ . C; (6)
Lpsy = |DM¢T|2 _ yDMQb;ﬂXtR + ... LsverT = Lavm + Z FOi 4+ ...
t v
q 4 q t
q :t More data > i n

higher precision

e SM-+BSM

12



Beyont

-FTs

* Form factors:

TA
F¥ = [2 (ﬁgpf F ﬁlpg) — S’yﬂ PrF(s,m%) (my — mp, my — 0),

where:

EFT
regime

3274

F(s,m3)

L(s,m%) =log K\/g (s — 4m2) + 2m2 — 5) /(zm%)]

{m%ﬂLz(s, mp) + \/s (s — 4m?%) L(s,m7) + 35] and

André Lessa
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