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The standard model : content and higgs discovery

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

(fermions) (bosons) -Very successful theory of particle physics
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Why would we go beyond : naturalness and hierarchy

Fermion

A

dm mln(a)

The mass of a fermion is protected
by chiral symmetry

Scalar

The Higgs (or any scalar) mass is quadratically
sensitive to new physics scale !!!!




Why would we go beyond : naturalness and hierarchy

Need fine tuning to achieve the right cancellation



A natural extension : SUSY phenomenology and
naturalness

- Cool symmetry between bosons and fermions,  Q|Boson) = |Fermion), Q|Fermion) = |Boson).

Particles and their superpartners enter loops with opposite sign : no more quadratic divergence
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Probing BSM with direct searches

3rules:
-no wishing for death
-no falling in love

-no bring back dead people

| wish that the LHC
would observe
supersymmetry

-Different final states can be investigated to probe SUSY at LHC.

-No evidence so far : where is SUSY ?

Experiments interpret their results as Simplified ModelS (SMS) :
effective model assuming for a handful of particles and decay modes.

(W, B)-SIM (CIN2-WZ) %, —WZX,%,

TTTT

IR L L e
I I I I I I I

-- -~ Expected limit (+1c,,,)

= Observed limit (+1 ¢,

LA L L L L
Vs =13 TeV, 139 fb™", All limits at 95% CL

SUSY)
theory.
Observed 95% CL
arXiv:2106.01676 (3L, 139f)

lllllllllllll[lIllIllIIlllllIIlllIlll"

Bl ol o S
900 400 500 600 700 800
(2108.07586 )

i il [
900 1000_1
m(x,/x,) [GeV]

Llegsa by
1000, 1100 1200

SMS example : production of 2
superpartners decaying in a specific
channel

W/B (55 %2 — WZ)



Simplified ModelS vs complete models : Reinterpretation

-SMS do not hold in more general case.

-Nonetheless, we want to get the constrains on concrete full SUSY
scenarios (or any BSM).

-Two strategies to constrain a model :

-Recast experimental analysis, Monte Carlo involved (MadAnalysis)

Direct use of SMS : SModelS
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Reinterpretation with SMODELS SM{BLS

SModelS : public tool for reinterpreting SMS results from the LHC. Uses CMS
and ATLAS results

-Fast (no event simulation / no recast !), thus well suited for parameter scans.
-Not as precise as recasting (interpolation of efficiencies, conservative results).
-Large collection of results (limited by the available SMS results)

O

005040 s |
“\M o-® o e i Latest version 3.1.1 : |
0®9 o0 _ ' 126 SMS topologies i
i e g 2 ® 1 127 analyses (36 Run 1, 91 Run 2) |
.5, o o - i 64 CMS,63 ATLAS |
"Oé@ S ]

® @O 8 J ©

| RN

Compare
D(‘(’()II]I)()S(‘ with Experimental Limits
full Model

Match
with Experimental Result



Reinterpretation with SMODELS QMQLS

SModelS : public tool for reinterpreting SMS results from the LHC. Uses CMS
and ATLAS results

-Fast (no event simulation / no recast !), thus well suited for parameter scans.
-Not as precise as recasting (interpolation of efficiencies, conservative results).
-Large collection of results (limited by the available SMS results)
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Reinterpretation with SMODELS QM,OQMQLS

SModelS : public tool for reinterpreting SMS results from the LHC. Uses CMS
and ATLAS results

-Fast (no event simulation / no recast !), thus well suited for parameter scans.
-Not as precise as recasting (interpolation of efficiencies, conservative results).
-Large collection of results (limited by the available SMS results)

O

™ R 8 o0 o |
' | .
<s|.n‘l\l«l@5c gy @@ ® ° : Latest version 3.1.1 : :
e o 1 126 SMS topologies |
@ g o oo Q- ' |
i ® ’8 2 ® 1 127 analyses (36 Run 1, 91 Run 2) |
L 2 o : | 64 CMS,63 ATLAS |
w80 e | !
e® e l |
(O} e l-—_——
@) ® 9
° e pad Input :
o ® :
‘ I e Mass spectrum
Do i SSOERS * Decaytables
full Model

Match ° Production cross sections at LHC 10
with Experimental Results



ATLAS pMSSM study and comparison

—

ATLAS : reinterpretation of their searches by
recasting their analyses on a scan of points.

ATLAS consider 8 Run 2 analyses.

Most sensitive analysis conclude on the exclusion status of the point.

3 leptons off shell

Parameter Min Max  Note
Mg, (=Mp,) 10 TeV 10 TeV Left-handed slepton (first two gens.) mass
Mz, (=Ms,) 10 TeV 10 TeV  Right-handed slepton (first two gens.) mass
i 10 TeV 10 TeV  Left-handed stau doublet mass
s 10 TeV 10 TeV  Right-handed stau mass
Mg, (=Mg,) 10 TeV 10 TeV  Left-handed squark (first two gens.) mass
Mz, (=Mz,) 10 TeV 10 TeV  Right-handed up-type squark (first two gens.) mass
M; (=Mjz) 10 TeV 10 TeV Right-handed down-type squark (first two gens.) mass
Mg, 2TeV 5 TeV Left-handed squark (third gen.) mass
My, 2TeV  5TeV Right-handed top squark mass
M33 2TeV 5 TeV Right-handed bottom squark mass
M, —2TeV  2TeV Bino mass parameter
M, —2TeV 2 TeV Wino mass parameter
1 —2TeV 2 TeV Bilinear Higgs boson mass parameter
My 1Tev 5TeV Gluino mass parameter
A, —8TeV 8 TeV Trilinear top coupling
A —2TeV 2 TeV Trilinear bottom coupling
A, —2TeV 2 TeV Trilinear 7-lepton coupling
My 0TeV 5 TeV Pseudoscalar Higgs boson mass
tan 8 1 60 Ratio of the Higgs vacuum expectation values
Type Analysis In SModelS
0 leptons SUSY-2018-41 YES
1 lepton + 2 b-jets SUSY-2019-08 YES
2 leptons + 0 jets SUSY-2018-32 YES
2 leptons + Jets SUSY-2018-05 YES
3 leptons on shell
SUSY-2019-09 YES

That’s exactly the type of study SMODELS is built for !

4 leptons SUSY-2018-02 || SUSY-2017-03
Compressed SUSY-2018-16 YES
Disappearring Track SUSY-2018-19 [ SUSY-2016-06
h — invisible constraint HIGG-2021-05 NO
CP odd Higgs Boson constraint | HIGG-2018-57 NO
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ATLAS pMSSM study and comparison : results
e Good agreement between SModelS and ATLAS
e Good agreement between ATLAS and CMS

e 200 - 400 GeV: disappearing track search (36 fb—1 results in SModelS)
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ATLAS pMSSM study and comparison : results
e Good agreement between SModelS and ATLAS
e Good agreement between ATLAS and CMS

e 200 - 400 GeV: disappearing track search (36 fb—1 results in SModelS)
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Going further : analysis combination and full database use

We can combine uncorrelated analyses in SModelS to reduce statistical fluctuations and

include different topologies.

37 analyses available for combination on this scan (24 ATLAS, 13 CMS).
We retain the combination that maximize the expected sensitivity.

SModelS v3.0
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== combined

= ATLAS-SUSY-2016-06
CMS-EXO-19-010

= CMS-SUS-19-006-agg

u= 17217 GeV
M;= 827.3 GeV
M;= 309.4 GeV
M3 = 1274.5 GeV

rexp(comb.) = 1.01
rops(comb. )= 1.18

-We add gluino production because we have results in the database for this.
-We then combine over the whole database.
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Results at each step of this study

bino-like LSP | non-bino LSP
Total number of points after filtering 3034 5919
Number of points excluded by:
1. ATLAS in arXiv:2402.01392 529 (17%) 1271 (21%)
2. ATLAS EWKino results in SModelS | 575 (19%) 687 (12%)
3. all EWKino results in SModelS 539 (18%) 662 (11%)
4. full database 666 (22%) 1030 (17%)
| l I I I 5. full DB with analysis combination 847 (28%) 1184 (20%)

all points i
Bl excl. by combination

excl. single ana, EWKino + gluino
400+ —— excl. single ana, EWKino
—— excl. by ATLAS (arXiv:2402. 01392)

500

e Significant exclusion enhancement when
adding gluino production

e Significant enhancement when combining
analyses as well
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Allowed parameter space : the best we can do so far to
valorize experimental results

PMSSM allowed points
T T
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We can draw the allowed parameter space of the pMSSM : -

comb
lobs

- Lot of room for susy realization even at light scale ! 600

- Red-orange points in range to be more thoroughly tested in
the futur
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BSM

So Far: r=2<
- SModelS well suited for scans, good agreement with ATLAS. %
- Need for the right material to properly implement searches in the database.
- Proof that combination of analyses has a significant impact on the coverage.
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Probing BSM with indirect searches : an Effective Field
Theory approach to new physics
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What is EFT ?

Some distribution

Far
observer

i

of electric charges ob':?;r]\:er
Iy
L
—
R

v

r

Adam Falkowski lecture notes

Need to know the charge distribution
to describe the electric field

r>>R:
Multipole expansion (in power of R/r)
is enough, no distribution needed

In our case, new physics at large scale manifest itself at our scale in operators such as :

(H' H)® (R k) (€R 7" €k)

Without the knowledge of the actual new physics !

e e
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The Effective Field Theory approach in particle physics

AL

Matching at a given scale A : observable correspondance
O(UV)=0O(SM+EFT)

Running : The observer walk back to our scale of observation

Compare to data at the electroweak scale : LHC
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The beginning of the big tools era in EFT

We enter an era where EFT tools now allows to do some tasks that would be impossible to do by hand :
Automated matching, generating operator basis, Running of operators ..

N FIATCHETE |\

Goal : concrete use of these tools for SUSY
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The Effective Field Theory approach in particle physics

An example of a possible scenario :

A

Matching at a given scale A
N FATCHETE ||

Running

Compare to data at the electroweak scale

Possibility of retaining some SUSY fields in the EFT : Light Higgsinos ?
21



Summary
- Tools play a central role in exploring physics beyond the Standard Model.

- SModelS allow to scrutinize the parameter space of a model at low cost by
using the Simplified model results provided by the experiments.

- Good agreement with ATLAS which increases as new analysis are
implemented in the database.

- Analysis combination has a significant impact on the coverage of the
pMSSM.

- The EFT community has come up with tools that open new paths to be
explored, especially for SUSY.

Thanks !
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IX

matr

Combination of uncorrelated analyses

ATLAS, 13 TeV
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Mixing matrix for the electroweakinos

M, 0 —Cg Sw Mz
0 M, cgCw Mz
My = A
—CgSwMmyz CCwmyg 0
SgSW Mz —SgCw mz — b

SgpSswmz
—SgCwmgz
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Plots of SModelS exc. - ATLAS exc.

ATLAS exc.
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e Under exclusion
» Disappearing track search
» Topologies not available and complex decays not constrained
e Over exclusion
» Overestimation of the exclusion of an analysis in SModelS (ATLAS-SUSY-2018-41): 166 points concerned
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Using the full database
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