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No clear evidence for NP
(despite some excesses...) 1
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New Physics at High

Mass Scales
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Heavy New Physics

* If the BSM fields are sufficiently heavy, their impact at low energies can be
parametrized by the SM Effective Field Theory (SMEFT):

C C.
ﬁBSM(Miagiy ) — LSMEFT — ESM + —W(Qg?/) —+ Z Z—O,§6) -+ ...
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Heavy New Physics

* If the BSM fields are sufficiently heavy, their impact at low energies can be
parametrized by the SM Effective Field Theory (SMEFT):

(6)

C'w C 6
Lesm(M;, gi,...) = LosmerT = Lsm + TOSL) + Z ﬁOf 4
i
Apsv > V'3
EFT (SM Measurements) < The SMEFT framework provides a powerful tool for
q t parametrizing BSM contributions to SM

observables in a model independent way.

q " * However...

* [t isonly valid for NP scales beyond experimental reach

e SM+BSM
— S\ . * [t contains a large number of free parameters:

60 operators (up to dim-6) » 2,500 Wilson coefficients




SMEFT Operators

 Operators can be induced at tree-level:
q t
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SMEFT Operators
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SMEFT Operators

 Operators can be induced at tree-level:

q t 1 ¢ (6)
| 6 2
>\]’\{?\< —_—> Cl —gNP
2
_ ) A? M:
q t q "
 Or at (n) loop-level:
q M; 4t
>~w/<' AzM;, —»
q M; "N t

Often the case if:
* DM is the lightest BSM state
e appearsin the loop and

—-

* |s protected by a Z;-type symmetry
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Constraints on SMEFT

e SMEFT vs LHC Data:



Constraints on SMEFT

* SMEFT vs LHC Data:
 ATLAS fit over 86 dim-6 WCs (47 parameters) using:

* single-Higgs data « ATLAS EWK data  Top quark distributions

* di-Higgs data * High mass Drell-Yan * EW Precision Observables
(LEP+ATLAS+SLAC)
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EFT

Constraints on SM

e SMEFT vs LHC Data:

 ATLAS fit over 86 dim-6 WCs (47 parameters) using:

* Top quark distributions

 ATLAS EWK data

* single-Higgs data

* EW Precision Observables
(LEP+ATLAS+SLAC)

* High mass Drell-Yan

* di-Higgs data
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« Combined fit: all nuisance parameters and other WCs are profiled
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Constraints on SMEFT

 Strongest constraint:
1 _ _

q _
‘ M; = 15 gnp TeV (95% C.L.) (tree-level operators)

15
M; 2 1o INP TeV (95% C.L.) (loop-level operators)

q et m
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the EFT the validity if:

gne > 0.2 (2) » the limits apply to BSM models with large couplings



Constraints on SMEFT

» Strongest constraint:
1 _ _

q _
© M, > 15gxp TeV (95% C.L.) (tree-level operators)

15
M; = 1 INP TeV (95% C.L.) (loop-level operators)

q et n

* Given that the observables probe ~few TeV, these results are within
the EFT the validity if:

gne > 0.2 (2) » the limits apply to BSM models with large couplings

* However, given a BSM model several correlated coefficients will be
simultaneously generated:

q e—



Constraints on SMEFT

* ATLAS has also considered a U(1)s.L Z' model:

ATLAS — = Exp. Mz 5 TeV 95% CL
Exp. Mz 7 TeV 95% CL
Vs =13 TeV, 36-140 fb~?! Exp. Mz 10 TeV 95% CL
1 Obs. Mz 5 TeV 95% CL
/.
Z': type B-L Obs. My 7 TeV 95% CL
Qu=3,Qq.=2,Qur = %, Qir=—3.Qu=—3,Qr=—1 Q05 Mz 10'TEY 95%/CL
X SM
| 1 1 I I 1 | | 1 1 I I | 1 | 1 1 | I I | 1 1 1 I I |
Q i
S gt d
4 F
—4F
1 | 1 1 | 1 ] ] 1 1 1 | ] 1 1 1 1 | ] | | 1 1 1 1 ] ]

—6 -4 -2 0 2 4 6
E




Constraints on SM

EFT

* ATLAS has also considered a U(1)s.L Z' model:

ATLAS
Vs =13 TeV, 36-140 fb~?
Z': type B-L

1 1 2 1 1
Qv=5,Qq =%, Qur=%5,Q0r=—35,Qu=—5,0Qer=—1

== Exp. Mz 5 TeV 95% CL
Exp. Mz 7 TeV 95% CL
Exp. Mz 10 TeV 95% CL
1 Obs. M» 5 TeV 95% CL
Obs. Mz 7 TeV 95% CL
Obs. Mz 10 TeV 95% CL
X SM

dp
(@)

1 I 1 I 1 1 1 1 I 1 I | I | I | 1 1 1 I 1 1 I

| 1 I I 1 1 | | I I I I | 1 | I I I I I 1 1 I I I 1 |

1 | 1 | | | | 1 | 1 | | l 1 1 1 1 | | ] ] 1 | | | | l

6 -4 -2 0

2

4 6
E

O(1) couplings are tested




Constraints on SM

EFT

* ATLAS has also considered a U(1)s.L Z' model:

ATLAS
Vs =13 TeV, 36-140 fb~1
Z': type B-L

1 1 2 1 1
Qv=5,Qq =%, Qur=%5,Q0r=—35,Qu=—5,0Qer=—1

== Exp. Mz 5 TeV 95% CL
Exp. Mz 7 TeV 95% CL
Exp. Mz 10 TeV 95% CL
1 Obs. M» 5 TeV 95% CL
Obs. Mz 7 TeV 95% CL
Obs. Mz 10 TeV 95% CL
X SM

dp
(@)

1 I 1 I 1 1 1 1 I 1 I | I | I | 1 1 1 I 1 1 I

| 1 I I 1 1 | | I I I I | 1 | I I I I I 1 1 I I I 1 |

1 | 1 | | | | 1 | 1 | | l 1 1 1 1 | | ] ] 1 | | | | l

6 -4 -2 0

2

4 6
E

O(1) couplings are tested

e For gp=1and M~»=5TeV:

> excluded by direct searches
(CMS-EXO-19-019)
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EFT

* ATLAS has also considered a U(1)s.L Z' model:

dp

ATLAS
Vs =13 TeV, 36-140 fb~?
Z': type B-L

1 1 2 1 1
Qv=5,Qq =%, Qur=%5,Q0r=—35,Qu=—5,0Qer=—1
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O(1) couplings are tested

e For gp=1and M~»=5TeV:

> excluded by direct searches
(CMS-EXO-19-019)

e However...

* More complex BSM scenarios
will generate a large number
of WCs

 Can these constraints be
sensitive to complex models,
such as the Minimal
Supersymmetric SM (MSSM)?



MSSM to SMEFT

 Assuming all superfields and additional Higgs are heavy:

Energy A
Scale

e

c® Mgy - _
LMSSM(m(j, ) = LoMmerT = Lo + Z : ( 1 )0,56) + O (A 4)

Energy A
Scale

A2

10



MSSM to SMEFT

 Assuming all superfields and additional Higgs are heavy:

Energy A
Scale

C (6)( ) ~(6)
Lyssm(mg, -..) = LsmerT = Lsm + Z A2 O, +0 (A%

Energy A
Scale

* We used Matchete to compute the MSSM-» SMEFT matching

\ Finrche e 1o S
(Warsaw basis)

Functional methods (CDE)

MSSM
(31 fields)

10



Matching Results

* dim-6 Operators:

* All the R-odd fields (squarks, sleptons, gauginos) appear in pairs when
coupling to the SM fields:
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coupling to the SM fields:

- 8 ) SM

(@03 W, B
SM / ﬁ SM

(@ I 3. W, B) M (loop induced)
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Matching Results

* dim-6 Operators:

* All the R-odd fields (squarks, sleptons, gauginos) appear in pairs when
coupling to the SM fields:

s = SM
/(Q7 l? g, Wa B)
= ) — SR
\ (4m)° A2
(677 L g, W, 3) sM  (loop induced)

* Tree level operators are only generated by the heavy Higgs:

.2 2 2\ 2
SM SM Cyg = sin”(405) (91 —I_gQ)

> ¢ / mé 64 |
2
(1)pT‘St L (8)prst o COt 5 Y*TSth
” \ - ‘Cqu/ 60‘1’“ qu)

Fully correlated

11



Stop-Bino case

* “Light” Stop-Bino case: v < m;,, mi < mgusy — 22 WCs (8 LI)
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Stop-Bino case

* “Light” Stop-Bino case: v < m;,, mi < mgusy — 22 WCs (8 LI)

e Results:

10-2; 2506.05201, S. Kraml, AL, S. Prakash, F. Wilsch
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Stop-Bino case

* “Light” Stop-Bino case: v < m;,, mi < mgusy — 22 WCs (8 LI)

e Results:

10-2 2506.05201, S. Kraml, AL, S. Prakash, F. Wilsch
10771
109
qu o) |
E 10
108
10~ 1 m;, =1.6TeV, m; =0.5TeV
B m;, =1.6TeV, m; =15TeV
. Bl m;, =20TeV, m =15TeV
10710 | e 0 e 0 Seaam 0 |
’ 33 1)1133 3333 1)3333 1)3311 8)3311 8)1133
Cel Gl e 1CuTT 16 10 10w 1o

> Simple fits are still far from probing the MSSM!
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Going Beyond EFTs
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* What if the NP scales are around the experimentally accessible energies,
but are challenging to be probed by direct searches?
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Beyond EFTs

* What if the NP scales are around the experimentally accessible energies,
but are challenging to be probed by direct searches?

A< V3 A~ 3§ A>3

On-Shell (BSM Searches) EFT (SM Measurements)
t “Beyond EFT”
q L regime
q ~
t
e SM+BSM
— S\
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Beyond EFTs
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* What if the NP scales are around the experimentally accessible energies,
but are challenging to be probed by direct searches?

A< V3

On-Shell (BSM Searches)
t

q L
-

t

K|

e SM+BSM

A~ 3§

“Beyond EFT”
regime

What happens at the EFT »
on-shell transition?

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

If not, are they too
conservative/too aggressive?

What do we |learn going
beyond EFT?

A>> Vs

EFT (SM Measurements)
q t

13



Beyond (Top) EFT

* Toy Model (DM inspired):

o1 — scalar top partner Yy — Majorana singlet

1
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mr, My, YypM - Free parameters
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* Toy Model (DM inspired):
¢ — scalar top partner x — Majorana singlet

1
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mr, My, YypM - Free parameters

e At the LHC;
2 < V3 Oy > V3

q
q
o1 é x
>¢u,<" X
~ X
_ T
q < B q t
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Beyond (Top) EFT

* Toy Model (DM inspired):
¢ — scalar top partner x — Majorana singlet

1

Lpsm =X (733 — §mx> X + |Duér|® — mz|opr|? — (yDMﬁb;XtR + h-C-)

mr, My, YypM - Free parameters

e At the LHC:
2mr < V'é 2mr ~ V'§ 2mp > VE

q q r——1 q t
b 'Z ng/'
. X Ly
_ T q T \oe—
q / ' \ t q \ i
Direct Searches Indirect Searches Indirect Searches
(1-loop) (EFT)

Challenging signal if:
mo ~ Try

14
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Beyond (Top) EFT

* Beyond EFT lagrangian: C; — Fj(¢®) (1-loop form factors)

Lrp = WQst%M \F* (pe, pr)] G;ﬂ?t + WQQ??J%M FH (g, Pty D7) GuGuf?f

o A1

4
Y4

200 X — FH (g, i)

S\
S

o1 \‘o—q—f

15
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Beyond (Top) EFT

* Beyond EFT lagrangian: C; — F;(¢*) (1-loop form factors)

Lrrp = WQst%M S (pes pr)] Gutt + 72939%1\4 S (pg, ey pe) | GGt

0.200 1
or 1 mp & My Re()

’ 0.175 1 — Im(F)
Y 4

00 AX — FH (ptapt_)\ 0.150 —

h S
\ —

o1 “o—q—f

Arbritrary Units
=)
S
-

— 2
8§ = 4mT

EFT
regime

0.0 2.5 5.0 75 100 125 150 175  20.0

s/mr

15
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Beyond (Top) EFT

* Beyond EFT lagrangian: C; — F;(¢*) (1-loop form factors)

Lrrp = WQQS?J%)M S (pes pr)] Gutt + 7T29§9%M S (pg, ey pe) | GGt

gb ——t1 0.200 1 Re(F)
T "M = 1M
," 0.175 1 T X — Im(F)
- — |F
Ws pAX — FH (ptapt) 0.150 7
—
\\ *g\ T ——
ng \ n E 0.125 >
20,100
£ o3
. = 0075 o IS
* Broad bump behavior - £ ||
0.050{ LL o= Co
ii g
e Form factor isreal in the EFT 0.0254 =
region 0.000 -
0.0 2.5 5.0 75 100 125 150 175  20.0
* Imaginary part becomes s/mi

dominant at large energies

15
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INndirect Searches

e Distributions:

my = 500 GeV, m, = 400 GeV, ypar =5.0

102 3

Npsa/Nsu

0.02

—0.01

pp — tt (SM)
pp — tt (EFT)

e p — 1t (EFT)

500 1000

1500 2000
m(tt) (GeV)

2500

* EFT:
* grows with energy

* positive at high mu
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INndirect Searches

e Distributions:

10_23

t

1 do
\Edm(t

Npsy/Nsu

mr = 500 GeV, m, = 400 GeV, ypar =5.0

pp — tt (SM)
pp — tt (EFT)
1 pp — it (1-loop)

500 1000 1500 2000 2500
m(tt) (GeV)

André Lessa | IFUSP

* EFT:
* grows with energy

* positive at high mu

* 1-loop Form Factors:

* “broad bump”

* negative contributions at
large My

* Larger than EFT at low mg,
but lower at high mu
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INndirect Searches

e Distributions:

10_23

t

1 do
‘Edm(t

Npsy/Nsu

mr = 500 GeV, m, = 400 GeV, ypar =5.0

pp — tt (SM)
pp — tt (EFT)
1 pp — it (1-loop)

1000

1500 2000
m(tt) (GeV)

2500

André Lessa | IFUSP

* EFT:
* grows with energy

* positive at high mu

* 1-loop Form Factors:

* “broad bump”

* negative contributions at
large My

* Larger than EFT at low mg,
but lower at high mu

How are these effects
constrained by top
Mmeasurements? 16



Direct + Indirect

e _LHC Constraints:

André Lessa | IFUSP

2312.00670, AL, V. Sanz

| = Direct Searches
| — ATLAS - pr(t)
1
= Excluded !
= 13 3
< e -
= S
I
1 = ~
£ 5
101 | I | | ! ] I |
500 600 700 800 900 1000 1100
mr (GeV)
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Direct + Indirect

e | HC Constraints:
2312.00670, AL, V. Sanz

| = Direct Searches
| — ATLAS - pr(t)
1
= Excluded !
= 13 3
< el -
= S
I
1 = ~
£ 5
101 | I | | ! ] I |
500 600 700 800 900 1000 1100
mr (GeV)

e EFT approximation understimates the signal!

e Constraints on the compressed region are competitive with
direct searches! 17



Direct (On-Shell) Searches



Direct Searches

 Direct searches “exclude”...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATL-PHYS-PUB-2026-003
ATLAS Preliminary 5=13,13.6TeV,36-196 b~ M

Model Signature  [£dr[7'] Mass limit Vs=13TeV  +5=13,13.6 TeV
3G, G—q¥! Oer  28jets EMS 140 1.85 m(¥})<400 GeV
@ mono-jet  1-3jets  Ep 140 g [8x Degen.] 0.9 m(g)-m(¥})=5 GeV
S 2 g—qat) Oe,p 26jets EM 140 | 2.3 m(¥1)=0 GeV
& z Forbidden 1.15-1.95 m(¥})=1000 GeV
% 28, —qgWi) 1epu 2-6 jets _ 140 |z 2.2 m(¥})<600 GeV
° g 2-q3(LOF) ee, jijt 2 je‘tS B 140 zZ 2.2 mp?a? )<700 GeV
‘B 27, §—>qu7/\7(1) Oe,u 7-11jets  EP 140 z 1.97 m(¥}) <600 GeV
2 SSe.u 6 jets 140 |z 1.15 m(@)-m(¥})=200 GeV
S gz gl 0-1e,u 3p B 140 |z 245 m(i?)<500 GeV
SSeu 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV
biby Oe.pt 2b EP™ 140 | B 1.255 m(¥1)<400 GeV
b 0.68 10 GeV<Am(b;,F4)<20 GeV
o5 bbb —bYS — bIYY Oe.p 6b  EMS 140 B Forbidden 0.23-1.35 Am(P, 79)=130 GeV, m(¥})=100 GeV
s % 27 2h EMsS 140 | By 0.13-0.85 AmETS,7))=130 GeV, m(¥)=0 GeV
&3 hf, o) 0-1eu  >=ljet EMS 440 |7 1.25 m(¥))=1 GeV
@ E B, Wb Tep  Bjetsib EPS 140 | Forbidden 1.05 m(¥})=500 GeV
@g fif, i —%1by, #1576 120 2jetstb E¥S 140 | Forbidden 1.4 m(71)=800 GeV
= © AR, Aot e oot Oe.pt 2¢ EMs 439 |z 0.9 m(E})=0 GeV
SRS Oeu  mono-jet EMS 440 |7 0.55 m(E,2)-m(¥})=5 GeV
ffy, [ =S, ooz W) 12eu 14b  EMS 440 |7 0.067-1.18 m(EY)=500 GeV.
hiy, h—h +Z e 1b EPss 140 | § Forbidden 0.86 m(E})=360 GeV, m(f, )-m(¥})= 40 GeV
XX viawz Multiple ¢/jets BT 140 ,v?i e 0.96 m(E2)=0, wino-bino
ee, uu >ljet EP™ 140 | X; /;zﬁ 0.205 m(ET)-m(¥})=5 GeV, wino-bino
XX viaww 2e,pu E%‘f“ 140 | &7 0.42 m(#})=0, wino-bino
TR via Wh Multiple £/jets EPS 140 | H/%, Forbidden 1.06 m(¥})=70 GeV, wino-bigo
L W vial/y 2epu EPS 140 | Xy 1.0 m(7,7)=0.5(m(¥i)+m(¥}))
Sl 2 EPS 140 [0S 05 miEf)=0
ot -’g ZL,RZL,R, Z—)(?\_/(l) 2e,u 0 jets E;’fss 140 7 0.7 mLf?):O
ee, jiu >1jet EMS 140 |Z 0.26 m(@)-m(¥)=10 GeV
AA, H>hG |76 Oe,pu >3p  EPS 140 | A& 0.94 BR(Y) — hG)=1
dep Ojets EMS 140 | 0.55 BR(Y] — zG)=1
Oe,;p > 2large jets E%‘SS 140 H 0.45-0.93 BR(Y] — ZG)=1
2e.pu >2jets  ENS 440 | @ 0.77 BR(¥ — ZG)=BR(¥! — hG)=0.5
YiH7, long-lived ¥F Disapp. trk ~ 1jet  Ems 437 )?z 0.67 Pure Wino
o )21 0.225 Pure higgsino
S 8 stable g R-hadron pixel dE/dx EPS 440 |2 2.2
= .g Metastable g R-hadron pixel dE/dx EPS 140 | & [® =10ns] 2.2 m(F?)=100 GeV
5 = 7, P—>tG Displ. lep EPS 140456 | &t 0.8 w7y =0.1ns
~ ) & 0.39 () =0.1ns
pixeldE/dx  ditrk  EP 140 |* 0.56 @ =10ns
/?lt)?:f//\?? Xzt e ) 140 Pure Wino
YEXT 08 > WWjztetevy dep Ojets BN 140 m(¥1)=200 GeV
3, 2941, ¥ - gaq >8 jets 140 0 e 20,
N 7ol X o s Multiple 36.1 m(¥1)=200 GeV, bino-like
&- i, iob¥y, T — bbs >4b 140 Forbidden m(¥7)=500 GeV
fify, fi—bs 2jets+2h 36.7 0.61
hi, h—ql 2e.u 2b 140 0.4-1.85 BR(f, —be/bu)>20%
1u DV 136 1.6 BR(f1—g1)=100%, cosf,=1
TR, 0 i, KT —bbs  1-2e,u >6ets 140 |00 0.2-0.32 Pure higgsino
*Only a selection of the available mass limits on new states or ) . R ) . .
phenomena is shown. Many of the limits are based on ) ]
simplified models, c.f. refs. for the assumptions made. 10

Mass scale [TeV]

André Lessa | IFUSP
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Direct Searches

 Direct searches “exclude”...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATL-PHYS-PUB-2026-003
ATLAS Preliminary 5=13,13.6TeV,36-196 b~ M

Model Signature  [£dr[7'] Mass limit Vs=13TeV  +5=13,13.6 TeV
4, G-9% Oepp  26jets  Ep™ 140 m(¥))<400 GeV
@ monojet  1-3jets EF 140 |4 [8xDegenl] 0.9 m(g)-m(¥})=5 GeV
S 2 g—qat) Oe,p 26jets EM 140 | m(¥1)=0 GeV
& z Forbidden m(¥7)=1000 GeV
B 1 z—ggWh® 1ep 2-6 jets _ 140 | % m(¥})<600 GeV
Q 3 goqa(tOR, ee, i 2jets  EP™ 140 | mﬁ? )<700 GeV
B 32 g—oqqWZE Oep  7-11jets EP™ 140 |Z m(tY) <600 GeV
= SSeu  Bjets 140 |z 1.15 m(z)-m(¥1)=200 GeV
S 5 gont) 0-1e,u 3b ETS 140 4 m(¥})<500 GeV
SSeu 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV
biby Oe.p 2b EPS 140 | B 1.255 \/ m(¥})<400 GeV
b 0.68 10 GeV<Am(b;,F4)<20 GeV
o5 bbb —bYS — bIYY Oe.p 6b  EMS 140 B Forbidden 0.23-1.35 Am(P, 79)=130 GeV, m(¥})=100 GeV
s % 27 2h EMsS 140 | By 0.13-0.85 AmETS,7))=130 GeV, m(¥)=0 GeV
&3 hf, o) 0-1eu  >=ljet EMS 440 |7 1.25 m(¥))=1 GeV
@ E B, Wb Tep  Bjetsib EPS 140 | Forbidden 1.05 m(¥})=500 GeV
@g {11, h=7by, 1151G 120 2jetstb E¥S 140 | Forbidden 1.4 m(71)=800 GeV
= © AR, Aot e oot Oe.pt 2¢ EDms 139 |& 0.9 m(¥})=0 GeV
5] Oe,p.  mono-jet EMS 140 | 0.55 m(f,)-m(¥])=5 GeV
B, o, Bz h? 1-2ep 14b  EPS 140 | 0.067-1.18 m(¥3)=500 GeV
hiy, h—h +Z e 1b EPss 140 | § Forbidden 0.86 m(E})=360 GeV, m(f, )-m(¥})= 40 GeV
XX viawz Multiple ¢/jets BT 140 ,v?i e 0.96 m(E2)=0, wino-bino
ee, uu >ljet EP™ 140 | X; /;zﬁ 0.205 m(ET)-m(¥})=5 GeV, wino-bino
}T}T via WW 2e,pu E?SS 140 ilt 0.42 mp\"?):o, wino-bino
YEXS via Wh Multiple ¢/jets EPS 140 | H/%, Forbidden 1.06 m(¥})=70 GeV, vino-bino
. X vialy/v 2e,p EPs 440 | XY 1.0 m(@,7)=0.5(m(¥s)+m(Ed))
= g ol 27 EPS 140 [ENEERERIDIomss) 0.5 m(¥)=0
ot -’g ZL,RZL,R, Z—)(?\_/(l) 2e,u 0 jets E;’fss 140 7 0.7 mLf?):O
ee, it >1ljet EPM 140 |7 0.26 m(@)-m(¥})=10 GeV
AA, H>hG |76 Oe,pu >3p  EPS 140 | A& 0.94 BR(Y) — hG)=1
dep Ojets EMS 140 | 0.55 BR(Y] — zG)=1
Oe,;p > 2large jets E%‘SS 140 H 0.45-0.93 BR(Y] — ZG)=1
2e.pu >2jets  ENS 440 | @ 0.77 BR(¥ — ZG)=BR(¥! — hG)=0.5
YiH7, long-lived ¥F Disapp. trk ~ 1jet  Ems 437 )?z 0.67 Pure Wino
o )21 0.225 Pure higgsino
S 8 stable g R-hadron pixel dE/dx EPS 440 |2 2.2
= .g Metastable g R-hadron pixel dE/dx EPS 140 | & [® =10ns] 2.2 m(F?)=100 GeV
5 = 7, P—>tG Displ. lep EPS 140456 | &t 0.8 w7y =0.1ns
~ ) & 0.39 () =0.1ns
pixeldE/dx  ditrk  EP 140 |* 0.56 @ =10ns
/?lt)?:f//\?? Xzt e ) 140 Pure Wino
TR 10 — Wzttt dep Ojets BN 140 m(¥1)=200 GeV
3, 2941, ¥ - gaq >8 jets 140 0 e 20,
N 7ol X o s Multiple 36.1 m(¥1)=200 GeV, bino-like
&- i, iob¥y, T — bbs >4b 140 Forbidden m(¥7)=500 GeV
fify, fi—bs 2jets +2b 36.7 0.61
hi, h—ql 2e.u 2b 140 0.4-1.85 BR(f, —be/bu)>20%
1u DV 136 1.6 BR(f1—g1)=100%, cosf,=1
TR, 0 i, KT —bbs  1-2e,u >6ets 140 |0 0.2-0.32 Pure higgsino
*Only a selection of the available mass limits on new states or ) . R ) . .
phenomena is shown. Many of the limits are based on ) ]
simplified models, c.f. refs. for the assumptions made. 10

Mass scale [TeV]

André Lessa | IFUSP

Strongly produced:
M 2> 1.5—25TeV
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Direct Searches

 Direct searches “exclude”...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATL-PHYS-PUB-2026-003

ATLAS Preliminary s=13,13.6 TeV,36-196 fb"!

M

Model Signature  [£dr[7'] Mass limit Vs=13TeV  +5=13,13.6 TeV
ai, 4% Oepp  26jets  Ep™ 140 m(¥)<400 GeV
@ monojet  1-3jets EF 140 |4 [8xDegenl] 0.9 m(g)-m(¥})=5 GeV
S | 55 sogat’ Oe,u 26jets EMS 140 z m()=0GeV
G 88, 8—qaxi T : A
& z Forbidden m(¥})=1000 GeV
B 22 3oagWE lep 26jts 140 |z m(E)<600 GeV
O 27 Foq(OX) ee; 2jets  EP™ 140 (2 m(¥))<700 GeV
‘B 3B, soqqWZO Oe,u  7-11jets EM™S 140 |z m(&?) <600 GeV
88, 8oqqWZX, ! T )
2 SSe.u 6 jets 140 |z 1.15 m(@)-m(7})=200 GeV
ST, 0-1eu 3b  EFS 140 |2 m(¥))<500 GeV
SSeu 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV
bib Oe, 26 EMS 140 |by 1.255 \/ m(¥})<400 GeV
b 0.68 10 GeV<Am(b; ¥1)<20 GeV
biby, by—bXY - bREY Oe,p 6b EMss 140 |5, Forbidden 0.23-1.35 Am(Y,73)=130 GeV, m(¥))=100 GeV
9 s 161, b1 2 1 . Y i 2
s % 27 2b ERSS 140 | B 0.13-0.85 Am(B3, %) =130 GeV, m(t})=0 GeV
g._éi Bf, i) 0-1e,pu >ljet EPS 140 |7 1.25 m(P})=1 GeV
29 i, Wbt Tep  Bjetsib EPS 140 | Forbidden 1.05 m(¥})=500 GeV
@g fif, i —%1by, #1576 120 2jetstb E¥S 140 | Forbidden 1.4 m(71)=800 GeV
= © AR, Aot e oot Oe.pt 2¢ EMs 439 |z 0.9 m(E})=0 GeV
5] Oe,p.  mono-jet EMS 140 | 0.55 m(f,)-m(¥])=5 GeV
fif1, fi—t0y, Bo—z/nt) 1-2e,p 14b  EPS 140 | 0.067-1.18 m(¥3)=500 GeV
hiy, h—h +Z e 1b EFs 140 | h Forbidden 0.86 m(E})=360 GeV, m(f, )-m(¥})= 40 GeV
T
P viawz Multiple ¢/jets EMss 140 | &R m(E2)=0, wino-bino
X2 ) T st ig JT—
ee, jipl >1jet EX 140 Xl 0.205 m(X7)-m(¥;)=5 GeV, wino-bino
T X 1 2
}T}T via WW 2e,pu E?SS 140 ilt 0.42 mp\"?):o, wino-bino
TR via Wh Multiple £/jets EPs 40 | Forbidden m(¥})=70 GeV, wino-bino
.. XX viali/v 2e.p EP™ 140 | A m(Z7)=0.5(m(¥i)+m(¥1)
=8 el 2r g0 | ERWS 0 05 mif%-0
W -’g ZL,RZL,R, Z—)(?\_/(l) 2e,u 0 jets E;’fss 140 7 mW?)=0
ee, jiu >1jet EMS 140 |Z 0.26 m(@)-m(¥)=10 GeV
HH, H-hG|ZC Oe,p >3p  EPS 140 | A& BR(Y} — hG)=1
dep Ojets EMS 140 | 0.55 BR(Y] — zG)=1
Oe,u  >2large jets E%‘SS 140 H BR(Y| — ZG)=1
2e,p1 >2jets EPS 140 | @ BR(¥) — ZG)=BR(¥} — hG)=0.5
YiH7, long-lived ¥F Disapp. trk ~ 1jet  Ems 437 )?z 0.67 Pure Wino
o . )21 0.225 Pure higgsino
£ @ stable z R-hadron pixel dE/dx EPS 440 | 2.2
= .g Metastable g R-hadron pixel dE/dx Eps 140 |z [ =10ns] 22 m(E%)=100 GeV
5 = 7, P—>tG Displ. lep EPS 140456 | &t 0.8 w7y =0.1ns
~ ) & 0.39 () =0.1ns
pixel dE/dx  ditrk  Ef™ 140 |7 0.56 ) =10ns
T I W —ze—tee e, 140 Pure Wino
YEXT 08 > WWjztetevy dep Ojets  EMS 140 m(¥1)=200 GeV
3, 2941, ¥ - gaq >8 jets 140 0 e 20,
N 7ol X o s Multiple 36.1 m(¥1)=200 GeV, bino-like
&. if, i—b¥7, X7 — bbs > 4b 140 Forbidden m(¥T)=500 GeV
fify, fi—bs 2jets+2h 36.7 0.61
hi, h—ql 2e.u 2b 140 0.4-1.85 BR(f, —be/bu)>20%
1u DV 136 1.6 BR(7 —qu)=100%, cos6,=1
XEIRS 1, 70 —ths, Vi —bbs 1-2eu  >6jets 140 | 0.2-0.32 Pure higgsino
12 1
*Only a selection of the available mass limits on new states or ) . R ) . .
phenomena is shown. Many of the limits are based on ) ]
simplified models, c.f. refs. for the assumptions made. 10

Mass scale [TeV]

André Lessa | IFUSP

Strongly produced:
M 2> 1.5—25TeV

EW produced:
M =2 0.5—1TeV
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Direct Searches

 Direct searches “exclude”...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATL-PHYS-PUB-2026-003

ATLAS Preliminary +s=13,13.6 TeV, 36-196 fb™!

M

Model Signature  [£dr (7] Mass limit Vs=13TeV  +5=13,13.6 TeV
ai, 4% Oepp  26jets  Ep™ 140 m(¥)<400 GeV
@ monojet  1-3jets EF 140 |4 [8xDegenl] 0.9 m(g)-m(¥})=5 GeV
S @ goaat) Oep 26jets Ep™ 140 |% m()=0 GeV
& z Forbidden m(¥7)=1000 GeV
B 1 z—ggWh® 1ep 2-6 jets _ 140 | % m(¥})<600 GeV
O 27 Foq(OX) ee; 2jets  EP™ 140 (2 m(¥))<700 GeV
‘D 37 GoqqWZE) Oep 71jets  Ep™ 140 z m(tY) <600 GeV
2 SSe.u 6 jets 140 |z 1.15 m(@)-m(7})=200 GeV
ST, 0-1eu 3b  EFS 140 |2 m(¥))<500 GeV
SSe,u 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV
bib Oe, 26 EMS 140 |by 1.255 \/ m(¥})<400 GeV
b 0.68 10 GeV<Am(b; ¥1)<20 GeV
o5 bbb —bXs — bhi] Oe.p 6b  EMS 140 B Forbidden 0.23-1.35 Am(P, 79)=130 GeV, m(¥})=100 GeV
= = 27 2p  EMS 440 |5 0.13-0.85 Am(B, ¥)=130 GeV, m(¥})=0 GeV
S T
g§ Bf, i) Otep >liet EPS 140 [ 1.25 mer)=1GeV
2 g Ahi —Swpi? Tep 3jetsb EPS 140 & Forbidden 1.05 m(¥})=500 GeV
o8 hi, =T by, F1 16 1271 2jets/1 b EP'® 140 7 Forbidden 14 m(%)=800 GeV
= © AR, Aot e oot Oe.pt 2¢ Ems 439 |¢& 0.9 m(%)=0 GeV
SRS Oec,u  mono-jet EMS 140 |y 0.55 m(E,2)-m(¥})=5 GeV
ffy, [ =S, ooz W) 12eu 14b  EMS 440 |7 0.067-1.18 m(EY)=500 GeV.
hiy, h—h +Z 3epu 1h EPss 140 | § Forbidden 0.86 m(E})=360 GeV, m(f, )-m(¥})= 40 GeV
/ﬁt/{/g via WZ Multiple £/jets E?fss 140 iz/io m(¥})=0, wino-bino
ee, uu >ljet EP™ 140 | X; /;zﬁ 0.205 m(ET)-m(¥})=5 GeV, wino-bino
/?[i/f/:[; via WW 2e.p E?SS 140 ilt 0.42 mp\"?):o, wino-bino
YEXS via Wh Multiple ¢/jets EPS 140 | H/%, Forbidden m(¥})=70 GeV, wino-bino
L W vial/y 2e,p Ep 140 |y m(Z,7)=0.5(m(¥T)+m(i))
28 el 2 BSOS 05 m=0
W= frlir, I=6X 2ept Ojets  EX™ 140 |7 0. m(FY)=0
ee, jiu >1jet EMS 140 |Z 0.26 m(@)-m(¥)=10 GeV
HH, H-hG|ZC Oe,p >3p  EPS 140 | A& BR(Y} — hG)=1
dep Ojets EMS 140 | 0.55 BR(Y] — zG)=1
Oe,;p > 2large jets E%“SS 140 H BR(Y] — ZG)=1
2e,pt >2jets  ENS 440 | @ BR(¥] — ZG)=BR(¥) — hG)=0.5
YiH7, long-lived ¥F Disapp. trk ~ 1jet  Ems 437 )?z 0.67 Pure Wino
o . )21 0.225 Pure higgsino
£ @ stable z R-hadron pixel dE/dx EPS 440 | 2.2
E-, .g Metastable g R-hadron pixel dE/dx E;“_“ 140 g [r() =10ns] 2.2 m(’)=100 GeV
5 = 7, P—>tG Displ. lep EPS 140456 | &t 0.8 w7y =0.1ns
~ ) & 0.39 () =0.1ns
pixel dE/dx  ditrk  Ef™ 140 |7 0.56 ) =10ns
/?lt)?:f//\?? Xzt e ) 140 Pure Wino
TR 10 — Wzttt dep Ojets BN 140 m(¥1)=200 GeV
3, 2941, ¥ - gaq >8 jets 140 0 e 20,
N 7ol X o s Multiple 36.1 m(¥1)=200 GeV, bino-like
&. if, i—b¥7, X7 — bbs > 4b 140 Forbidden m(¥T)=500 GeV
fify, fi—bs 2jets+2b 36.7 0.61
hi, h—ql 2e.u 2b 140 0.4-1.85 BR(f, —be/bu)>20%
1u Y 136 1.6 BR(fi —q1)=100%, cosf,=1
X IR [0, Y ytbs, K —bbs 1-2e,u 26 jets 140 |00 0.2-0.32 Pure higgsino
*Only a selection of the available mass limits on new states or 0
phenomena is shown. Many of the limits are based on )
simplified models, c.f. refs. for the assumptions made. 10 1 Mass scale [TeV]

André Lessa | IFUSP

Strongly produced:
M =2 1.5—25 TeV

EW produced:
M =2 0.5—1TeV

e However...

these bounds
assume simplified
models
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Direct Searches

* How “reliable” are the current constraints from simplified models?
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Direct Searches

* How “reliable” are the current constraints from simplified models?

e Example: EW-Inos
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Direct Searches

* How “reliable” are the current constraints from simplified models?

e Example: EW-Inos

WW(HH)—>BB+XX (W: %%, H: i B: %,. X=W/Z/h)
;‘ 800:| I | L | T T | L | | L I | L] | I | L | L | LI | L 1__
(E. 200 f— TLAS Vs = 13 TeV, 129 ib'1, 95% CL Observed Iimit_f
— E B(%, — Z2)+B(X; — ZX,) = 100% for (H, B) -
= 600F —B(, - 73') = 100% =
- — B & zaz“) - 75% . .
500 2 ! —]
- Bz =S bl :
400 -~ B »Z3)=25% E
300F BT =% 3
200F- Z =
100F ,\ =
O :I 1 | L1 1 I i 1 '5/: ‘I | 1 1 1 1 | 1 1 1 I L1 11 | L1 1 1 "l 1 1 1 1 | 11 1 L %I 1 1 1 1 1_-

300 400 500 600 700 800 900 1000 1100 1200

m(x 1) [GeV]




Direct Searches

« However, if we consider a full model (pMSSM)...
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Direct Searches

« However, if we consider a full model (pMSSM)...

ATLAS

EWKino scan, /s=13TeV, 140fb™
ATLAS exclusion fraction after non-DM external constraints
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Direct Searches

« However, if we consider a full model (pMSSM)...

ATLAS

EWKino scan, /s=13TeV, 140fb™
ATLAS exclusion fraction after non-DM external constraints

|||||||||

=== ATLAS simpl. wino/bino model excl.
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Direct Searches

« However, if we consider a full model (pMSSM)...

ATLAS

EWKino scan, /s=13TeV, 140fb™
ATLAS exclusion fraction after non-DM external constraints

|||||||||

=== ATLAS simpl. wino/bino model excl.
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* Once more “full models™ are considered: M=+ 2 140 GeV
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* The simplified model results need to be carefully re-interpreted
within realistic scenarios » re-interpretation tools
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Obrigado!



