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- Citation Summary Most Recent '
. Date of paper i
i A seawebrfor R-parity-violating supersymmetry in final states containing many jets in pp collisions !
il at /s = 13 TeV with the ATLAS detector ;
g ATLAS Collaboration « Georges Aad (Marseille, CPPM) et al. (Jan 29, 2024) :
i Published in: JHEP 05 (2024) 003 - e-Print: 2401.16333 [hep-ex] '
; 2003 2024 pdf & DOI [= cite B reference search %) 2 citations l
l Search for new phenomena with top-quark pairs and large missing transverse momentum using l
[ Number of authors 140 fb~! of pp collision data at /5 = 13 TeV with the ATLAS detector B
i Single author 1 ATLAS Collaboration - Georges Aad (Marseille, CPPM) et al. (Jan 24, 2024) l
i 10 authors or less 1 Published in: JHEP 03 (2024) 139 - e-Print: 2401.13430 [hep-ex] '
= pdf & DOI [= cite [@ reference search %) 2 citations !
Exclude RPP . . . S by
l_ Search for Long-Lived Heavy Neutral Leptons with Lepton Flavour Conserving or Violating Decays .
l Exclude Review of Particle Physics toaJetand a Charged Lepton 5
B 1,158 4
i CMS Collaboration « Aram Hayrapetyan (Yerevan Phys. Inst.) et al. (Dec 12, 2023) l
l Published in: JHEP 03 (2024) 105 « e-Print: 2312.07484 [hep-ex] L]
i Document Type pdf 2 DOI [ cite H datasets [@ reference search %) 6 citations !
E published ® 1,158 i
| article T Search for flavor changing neutral current interactions of the top quark in final states with a !
l note ) photon and additional jets in proton-proton collisions at Vs = 13 TeV
5 CMS Collaboration - Aram Hayrapetyan (Yerevan Phys. Inst.) et al. (Dec 11, 2023) !
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Standard Model Production Cross Section Measurements 3" . Jcd

-1
rrreprrerrrerepe [7]
pp A 50107 F‘LB 761 ;2015\ 54

8
. Phys. B, 486- 548 rzma:
xi *R PnLﬂ? 182002(
0x10-8 PLB 761(2016) 158

R 8 Nucl. Phys. B, 486-548 (2014)
e+ > 100 Ge ;%% JHEP 05 (2018} 195

Jets R=0.4 pr>T70 (/voA JHEP 09 (2017) 020
pr > 100 GeV

o JHEP 02, 153 (2015)
Dijets R=0.4 b 100G O pr >75 GeV

JHEP 05 (2018) 195
JHEP 05 059 (2014)

E; > 125 GeV n

. E=25GV A

E}>100GeV 1O

PLB 2017
' n}

04072
JHEP 06 w2016\ 005

Reference

pp inelastic

=0

NS
==

PRD 89, 052004 (2014)
PLB 759 (2016) 601
EPJC 79 (2019) 760
EPJC 77 (2017) 367
EPJC 79 (2019) 128
JHEP 02 (2017) 117
JHEP 02 (2017) 117
JHEP 02 (2017} 117
EPJC 79 (2019) 128
EPJC 80 (2020) 528
EPJC 74 (2014) 3109
EFJC 74 (2014) 3109

O

Ei—chan

ts—chan

$
7

i

v
d
OA (=]

[m]

Theory

LHC pp Vs=13 TeV

Data
_ stat

(=] (=]
N, NG
S ARLO RS AN

)
(=)

LAS- CONF 2021 003

LB 756, 228-246 (20186)
JHEP 01 t2018] 63
JHEP 01, 064

PLB 718, 142- 159 ‘2012)
JHEP 07 (2020) 124
EPJC 79 (2019) EBA

F‘LB 763, 114 (2016
ys. Rev. D 87 L201GJ 112001
EFJC 79 (2019) 535
PRD 93, 092004 (2016)
EPJC 72 (2012) 2173

gm stat & syst

§ LHC pp Vs =8 TeV

Data
E; ammgcev (m] - stat

EZ>40 (30) GeV
Em,25(c22)GA o
'0

LEATY

OO

JHEP 08, 128 (201 3)
JHEP 11 (2021) 169
PRD 95 (2017) 112005
JHEP 01, 08 )

s p, NGO

LHC pp Vs=7 TeV

Data
W L e

ttZ stat & syst

PRD 93, 112002 (2016)
PRD 87, 112003 (2013)
EPJC 77 (2017) 563
JHEP 01, 049 (2015)
PRD 99, 072009

(=

tt JHEP 11 (2017) 086
4 PRD 91, 072007 czmm
arXiv:2201.13
BlB'7o8 (2019) Taa013
EFJC 77 (2017} 474
PJC 77 (2017) 474
EPJC 81 (2021) 163
JHEP 04, 031 (2014)

N S N I N RIS e S R T il - S SR S NGH SRS SN SR B

PO~Ls NG NG 1, I 1, NG

OO

WW\WWZ
Wijj EWK -
ZjjEWK

»wy
Lttt

Z
Wyy Yy

Zyiiewe " ATLAS Preliminary

yyr=WW

O :
WS EWK o Vs =5,7,8,13 TeV
WZjjEWK
ZZjji EWK

P
5~

PRL 115, 031802 (2015)
EPJC 77 (2017) 646
ATLAS-CONF-. 2I]21 038
JHEP 07 (2017) 1

PLE 816 (2021\ 1361‘30

PRD 93, ﬁ92004 (2018)
arXiv:2004.10612

- PIGINIGINT NIt PN NI .
WOMOMOLIOLICOOLOO

R - 8 - RO 1. ROR 1

saaalossalasanle,

107 107 1072 107! 102 10° 10* 10° 10° 10! 0510152025
o [pb] data/theory




2
LA

VT

£, S T O T

' . ] ]
:

Introducing Rivet =D
y S

g e . . .

i “Robust Independent Validation of Experiment
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: and Theory
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P HERA legacy (1990s, HZTOOL) -

d Transverse N density vs. p‘i”“

_ %:‘- 1.8 : T ‘|\/§|:| 7|Te|VI T T | T T T ]
. . T 1.6 | e , -
! Developed by MCnet for tuning and > ,, " ™™"" " Z,_—dess =
. validation of new MC event T ] .
i generators T T e aasaw E
2| ’ = —— HERWIG AUET2 (CTEQ6L1

, * e.g. What does the underlying o6 | HERWIG AUET: (MSTWogl)
i . . 0.4 ¥ — — — HERWIG AUETz (CTogMC2) 8
e event look like in 7 TeV pp “E - -~ HERWIG AUET2 (MRSTLO®)
11. . ,? . g | | - |— — HERWIG AUE'|T1 (MRST LO%) ]
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! Vast library of measurements of finals s :
. state particles produced in collisions, **=-i i | -
i . . 2 4 6 8 10 12 14
¥ and variables derived from them p. Geading partcle) [GeV]
: Buckley et al, Bierlich et al arXiv:1003.0694 (CPC), From ATL-PHYS-PUB-2011-008

l arXiv:1912.05451 (SciPost), arXiv:2404.15984
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Introducing Contur “%
“Constraints On New Theories Using Rivet” |
Extend the power of .
Rivet beyond the R ) ;
Standard Model — b
3 ) '

Signal-injection of ; i 1 .l
final-state particles ] _“LLFH‘%L;M A s = |
from BSM physics f '

events on to measured L ]MB] L hb @
. . o rom akacri, , ]€Z0, asemn, scriienovein
Cross SeCtIOHS 1n Rlvet arXiv:2111.15406 (SciPost Core)

Increasingly precise measurements and SM calculations
together extend the reach

JMB, Grellscheid, Krimer, Sarrazin, Yallup;, Buckley et al
arXiv:1606.05296 (JHEP), arXiv:2102.04377 (SciPost)
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A Contur-friendly measurement -&@- )

Is unfolded to particle-level

Is defined in terms of the final state, not
production process

Has a fiducial phase space which is as
inclusive as possible and reflects the actual
selection

— No hidden vetos
— Minimal extrapolations

For example:
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Unleashing the power of high W%
luminosity LHC data

(selected example case studies)
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» Composite Dark § | Smotficdommode CONTUR
Z + g=0.25, g=0, gDM=1
Matter o s
1000~ N5 161604 07775 <
 Dark Matter from |
Anomaly so0f
Cancellation

------ CONTUR + ATLAS
MET +Jets Measurement
 Vector-like o

o e L T

3.2fb "' (1707.03263)

— ATLAS
tt Resonance Search
36.1 fb~ (1804.10823)

------ CONTUR + ATLAS
Hadronic it Measurement
36.1 fb™ (1801.02052)

| | | |
4000 m,, [GeV]
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* What if Dark Matter is a composite particle arising
from e.g. an SU(4) symmetry which confines at
some scale Ay, ?

* Leads to bound states “dark” mesons and baryons.
— Kribs et al. arXiv:1809.10183 (JHEP)

 Dark fermions transform under electroweak part of
the Standard Model: communication with S

* Dynamics of the theory depend on n=m(m,)/m(p))

— 1>0.5, pp, decays to SM fermions = resonant Drell Yan
searches (also in Contur)

— 1<0.5, p, decays to m, 2 many different decays to SM
particles, depending on mass. No searches®, look at the
measurements in Contur
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JMB, Corpe, Kong, Kulkarni, Thomas. arXiv:2105.08494 (PRD)
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Composite
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0 1D
N\
0o .t .
PD>PD 70"~..
2. ¥
p %)

Large areas excluded:

When pion mass is close to
Higgs mass, H->vy analysis
contributes

Boosted hadron “top”
measurements contribute when
pion mass ~200 GeV: Pions
decay to tb and are boosted
from heavy p.

Other sensitivity from Z-pole
dileptons, and lsgtorwmissing
energy (Z, top, W production
in decay chains)

0.5

0.4 1

0.3

=

0.2

0.1

100

[ CMS ee+jet
[ ATLAS #f+jet

200

e

300 400
my, (GeV)
3@ CMS pptijet
@ ATLAS pp+jet

B ATLAS p+EXStjet @ ATLAS e+ERS4jet

() ATLAS Hadronic tt

T 1
500 600
[ ATLAS ee+jet
B ATLAS /+ERss4jet
[ CMS £+ ERisstjet

Dark Matter Models “#-
|

0 ATLAS £ f5+E554jet @ ATLAS high-mass DY #¢

@@ CMS high-mass DY £/ @ ATLAS 4¢

@ ATLAS £y

JMB, Corpe, Kong, Kulkarni, Thomas. arXiv:2105.08494 (PRD)
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* Dedicated ATLAS
search for same model:

* Focused on top and
bottom final states

* Extends the region
already excluded by
measurements, but
doesn’t (so far) cover
it all

A
i
:O.SSEIII TTT TTT E III|IIII[IIII[IIIIIIIIT'III_
0 36:— ATLAS Preliminary -
L Vs=13 TeV,JLdt:MOfb" N
0_34: SU(2), gaugephabic _:
L Limits at 95% CL:
0.32[ Phys.Rev.D 105
C (2022) 1 .
0.30_ Excluded region ]
5 - =--- Expected +1c
0. 8: — Observed B
0.26F -
0.24F ]
0.22F ]
0.20F ]

L N e T e W T Y R

Composite Dark Matter Models -

_III\|III\|III\|IIII|IIII|IIII‘IIII‘IIII'III\'III\_
250 300 350 400 450 500 550 600 650 700 750
Mass of dark pions [GeV]

ATLAS-CONF-2023-021
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Cancellation

Anomaly
Y
@ = \/\/\/\A/\M<j\:::0anceaton

My = 100 GeV

1.0 1 1.0

0.8 0.8
o 0.6 1 « 06 1
) >

0.4 - 0.4 -

0.2 0.2

100 200 300 400 500 100 200 300 400 500
MZB MZE
(a) (b)

O £16o+pRiss+jet [48,49] 3 [50, 51] O v+ [52] 3 jets
B pTisS+Het [28, 29] mm ey B hadronic # [31, 32] [ £*/*+piss [53]

@ ¢4 +jet [48, 54] 0D fibo+p2s [55] @ 4¢ [56, 57 W P et [36]

FIG. 6: (a) Results from CONTUR, as in Fig. 5b, but now zooming in on the low Mz, region. (b) as in (a),
but now with M, = 10TeV. Citations are for the most significant measurements giving an exclusion
significance of 68% or above anywhere in the plain.

= oo

Mass of DM
candidate switches
on/off Z; = yx
And changes other
branchings

JMB, H. Debnath, P.

Fileviez Perez, Y. Yeh,

axrXiv:2405.03749
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Vector- hke Quarks

Experimental searches
of have focusses on
couplings ot 3
generation
Coupling to 1%t
generation.
Region above line

—

excluded by non-
collider constraints

No LHC search analyses -
exist

Measurements exclude
most of the plane.

Single VLQ production
very important at
highest masses

0.150

0.125

0.100

0.075

0.050

0.025

500 1000

MQ (GGV)

0.150

0.125

0.100

0.075

0.050

0.025

500 1000

MQ (GGV)

()

I ATLAS WW
3 ATLAS pp+jet
[J ATLAS jets

0.150
0.125 i
0.100
0.075
0.050 i

0.025

1500 2000 2500 500 1000 1500

Mg (GeV)

2000 2500

1500 2000 2500 500 1000 1500

Mg (GeV)
(d)
Bl ATLAS p+ER+jet @ ATLAS e+ER554jet

I ATLAS ee+jet 3 ATLAS #4+jet
I CMS jets

2000

[ CMS e+EP*+jet @ ATLAS 4¢
- Buckley, ]MB Corpe Huang, Sun aerv 2006 07172

2500 |
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Vector-1 uarks -}

 Coupling to 2nd
generation.
* Region above line

excluded by non-
collider constraints

 No LHC search W e TR e e T
1 a) bs
analyses exist | ®

e Measurements

exclude significant
part of the plane.

0.3

%
02

+ Single VLQ
prOdUCtlon agaln B0 1000 HJ-?:JWJ 2000 00 500 1000 .u;:ﬂ:-.w w00 2500
very important at @ @
highest masses 8 ATIAS cevjt @B ATIAS jipt  EIATLAS et
Bl ATLAS 4 [ ATLAS jets Bl CMS5 jets




: '
Vector-like Quarks =&}
I il 1.0 :
i i - i | :
!« Coupling to 3 7y . oo
1 generation. o o
: * No exclusion from “ '
" non-collider, but “1 :

there are several i o

i  LHC searches ; o

: e Measurements also ..}

" exclude significant ..}

1 partof the plane. .| "

i 1 0.2 4| 0.2

Single VLQ . ; B

" production still w0 e e e w0 oo lw e s
s significant at @ @ ’
highest masses D et EATEAS e T AT T

l 3 ATLAS jets Bl CMS jets [ ATLAS it hadronic
: Buckley, JMB, Corpe, Huang, Sun arXiv:2006.07172

| - - -




* ... for each generational coupling scenario and for
four different decay branching benchmarks to W,
Z, H.

* 1.e.7 x 3 x4 two dimensional parameter scans
* Hmm. A challenge for Contur?

Vector-like Quarks  ~&p-
. During journal review, it was pointed out that j
: we’d missed some of the most compelling :
r scenarios, and should instead consider: i
’ — B, T singlets :
i  — BT, XT, TY doublets
i — BYX, BTY triplets

o O L -
-

Buckley, JMB, Corpe, Huang, Sun arXiv:2006.07172
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Vector-like Quark

1st Generation

LOW EXERGY HIGH ENERGY

2nd Generation 3'9 Generation

(a) BTX 0:0:1

(e) BTY 0:0:1

(G) BTXY 0:1:0 (k) BTXY 1:0:0

(i) BTXY 0:0:1
B0 ATLAS WW W ATLAS p+E24jet @ ATLAS e+E2=+jet
B ATLAS cetjet B3 ATLAS pyitiet [ ATLAS £f+jet
[ ATLAS jets B CMS jets

(i) BIXY 001 (k) BTXY 100 (1) BTXY L:i:t
ED ATLAS WW S ATLAS p+EY™-+tjet [0 ATLAS e+ B jet
@0 ATLAS eetjet [ ATLAS pu+jet [0 ATLAS £f+jet

[0 ATLAS jets B CMS jets [J ATLAS vy & v+ X

(G) BTXY 0:1:0

Buckley, ]MB Corpe Huang, Sun arX1V 2006 07172

(i) BTXY 0:0:1 (i) BTXY

B ATLAS £+MET+jet [ ATLAS {4+MET +jet
@ ATLAS WW W ATLAS pt EF*4jet
@ ATLAS ee+jet @@ ATLAS pp+jet

@ ATLAS 4f [0 ATLAS jets

(k) BTXY 1:0:0 () BTXY §

I ATLAS # hadr

B ATLAS e+ B fjet
1 ATLAS £f-+jet

B CMS jets
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j' Vector-like Quarks

1st Generation 2nd Generation 3'9 Generation

(c) BT 1:0:0

(c) BT 1:0:0 (a) BT 0:0:1

ETRESD
g 16V

(e) XT 0:0:1

o - e s om0 mo oz - v - o0 o we £ Y
g 10e¥) g (o) g 1GeY) g (G s g 1G] Mg (V)
(i) BY 0:0:1 () BY 0:1:0 (k) BY L0 BT (i) BY 0:0:1 j BE k 0 3

(i) BY 0:0:1 (k) BY 1:0:0

[ . 200 oo » w2z L . T 0 1300 s e
st wyen Pt - 2 ) o

(m) BTXY 0:0:1 (n) BTXY 0:1:0 (o) BTXY 1:0:0 e (m) BTXY 0:0:1 (n) BTXY 0:1:0 (o) BTXY 1:0:0 (p) BTXY }:}: (m) BTXY 0:0:1 (n) BTXY 0:1:0 (o) BTXY 1:0:0

0 ATLAS #f hadr [J ATLAS vy & v+ X 7 [ ATLAS ¢ hadr [ ATLAS vy & v+ X _ B ATLAS (+MET+jet [] ATLAS (+MET-+jet  [] ATLAS tf hadr

@@ ATLAS WW B ATLAS p+Ef*+jet @ ATLAS e+Ef"™+jet B8 ATLAS WW W ATLAS p+EP*+jet @ ATLAS e+ EP™S+jet @ ATLAS WW B ATLAS p+EP*+jet @ ATLAS e+EP®+jet

I ATLAS eetjet [ ATLAS ppu+jet [0 ATLAS £i+jet @8 ATLAS eetjet [ ATLAS ppu+jet [ ATLAS £f+jet I ATLAS eetjet [0 ATLAS putjet [0 ATLAS fé+jet

W ATLAS 4¢ [ ATLAS jets @B CMS jets @ ATLAS 4¢ [0 ATLAS jets Em CMS jets Bl ATLAS 4¢ [0 ATLAS jets [l CMS jets

(p) BTXY 1:1:l

Buckley, ]MB Corpe Huang, Sun arX1V 2006 07172




Ve Ctor—like Quarks

1st Generation 2nd Generation 3'9 Generation

P
(b) B 0:1:0

| :0: (s : 1 (g) T 1:0:0
() T 0:1:0 (8) T 1:0:0 ke :0: BE 0 3:kd

"o
" g ™ o ™ ‘ o O ’ : » ! ! v ) (i) BIXY 0:0:1 (3) BIXY 0:1:0 (k) BTXY 1:00 (1) BIXY
(i) BTXY 0:0:1 (5) BTXY 0:1.0 (k) BTXY 100 4 (i) BTXY 0:0:1 i :1: (k) BTXY 1:0:0 (1) BTXY 3:1:2 ) . -
B ATLAS £+MET+jet [] ATLAS {+MET-+jet [—] ATLAS ¢f hadr
1 ATLAS tf hadr 1 ATLAS vy & v+X [ ATLAS #f hadr [ ATLAS 7y & v+ X ATLAS WW B ATLAS ptEF™-tjet @ ATLAS e+ EP™tjet
B ATLAS WW B ATLAS p+EF=+jet B ATLAS e+EFtjet [0 ATLAS WW S ATLAS p+EFS4tjet [0 ATLAS e+EP™4jet B0 ATLAS ee-tjet 0 ATLAS pptjet 0 ATLAS #+jet
B ATLAS ee+jet B ATLAS pptjet [ ATLAS £é+jet [ ATLAS ee+jet [ ATLAS pp+jet [ ATLAS £0+4jet B ATLAS 4¢ 3 ATLAS jets Bl CMS jets
B ATLAS 4¢ [0 ATLAS jets B CMS jets B ATLAS 44 [ ATLAS jets Bl CMS jets

IV )

Buckley, ]MB Corpe Huang, un arXiv: 2006 07172
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Abstract Using the GAMBIT global fitting framework,
we constrain the MSSM with an eV-scale gravitino as
the lightest supersymmetric particle, and the six elec-
troweakinos (neutralinos and charginos) as the only

other light new states. We combine 15 ATLAS and 12

CMS searches at 13TeV, along with a large collection
of ATLAS and CMS measurements of Standard Model

signatures. This model, which we refer to as the G-

EWMSSM, exhibits quite varied collider phenomenology
due to its many permitted electroweakino production
processes and decay modes. Characteristic G-EWMSSM
signal events have two or more Standard Model bosons
and missing energy due to the escaping gravitinos. While
much of the G-EWMSSM parameter space is excluded,
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we find several viable parameter regions that predict
phenomenologically rich scenarios with multiple neu-
tralinos and charginos within the kinematic reach of the
LHC during Run 3, or the High Luminosity LHC. In par-
ticular, we identify scenarios with Higgsino-dominated
electroweakinos as light as 140 GeV that are consistent
with our combined set of collider searches and measure-
ments. The full set of G-EWMSSM parameter samples

and GAMBIT input files generated for this work is avail-

able via Zenodo.
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Nascent GUI and ML add-ons

Contur Software A9
Written in Python: :
https://gitlab.com/hepcedar/contur :
Heavy use of python interface to Rivet, Yoda, and !
of matplotlib, scipy, numpy and more (including
pyslhag) :
Rivet, Yoda mainly C++ (all on gitlab) '
Can steer event generators (currently Herwig, :

Madgraph, Pythia) but can also be run on any

existing Rivet (Yoda) output (and Rivet can run on |

any HepMC events)

Can also be invoked from inside the Madgraph
command-line environment (along with Rivet)
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