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Dark Glueballs Model

Zofia Borowska: Semivisible Jets from Dark Glueballs 

“Dark Sector Glueballs at the LHC”
(Batz, Cohen, Curtin, Gemmell, Kribs. arXiv:2310.13731)

SU(N) gauge group
Pure-glue model with infinite dark colours
Higgs and Z’ portals

Implemented a glueball hadronization model 
based on Lund string dynamics

Slide 2 

(taken from “DS Glueballs...”)

https://arxiv.org/pdf/2310.13731


Higgs Portal Event Generation

Added decay channels for all dark 
glueball species
Branching ratios and lifetimes 
based on dimension-6 Higgs 

(Juknevich. arXiv:0911.5616)

HiddenGlue Pythia8 module for 
dark glueball hadronization into 
species

Decay channel Branching 
ratio

0++ → 𝑏ത𝑏 0.326

0++ → 𝑐 ҧ𝑐 0.269

0++ → 𝑔𝑔 0.247

0++ → 𝜏′−𝜏′− 0.155

0++ → 𝜇−𝜇−, 𝑠 ҧ𝑠, 𝛾𝛾 0.003
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HiddenValley:FSR = on
HiddenValley:alphaOrder = 1
HiddenValley:nFlav = 0
HiddenValley:fragment = on

HiddenGlue:fragmentationFunction = 2
HiddenGlue:m0 = 10.
HiddenGlue:pTminFactor = 1.8
HiddenGlue:fragmentationFunction = 2
HiddenGlue:aBeta = 90.
HiddenGlue:kBeta = 810

HiddenValley:aLund = 0.00019
HiddenValley:bmqv2 = 0.26

Pythia8 settings

https://arxiv.org/pdf/0911.5616


Z’ Portal Event Generation

Generated SM p p > Z’ > g g g [QCD]
in MadGraph5 using “SM + W’ and Z’ at NLO 
in QCD” model (Fuks, Ruiz. arXiv:1701.05263)

Issue #1: MG5 colour flow not conserved in 
a loop-induced process (Bug report)

Issue #2: Pythia HiddenValley dark colour 
reassignment 
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2𝑝 ⟶ 𝑍′ ⟶ 3𝑔

https://arxiv.org/abs/1701.05263v2
https://bugs.launchpad.net/mg5amcnlo/+bug/2073272


Higgs Portal Analysis

Anti-kt jets radius = 0.4
Transverse momenta 𝑝𝑇 > 30 GeV
Visible final states with pseudorapidity
|𝜂| < 4.5
Smeared in Rivet

Background: SM QCD dijet
Normalisation: weighted sum of events

Boosted Higgs mass to 1 TeV
➝ decrease in cross-section from 10-6 to 10-9 pb

Type equation here.
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Semivisible Jet Signature: 𝜙𝑚𝑖𝑛, 𝐸𝑇
𝑚𝑖𝑠𝑠

Alignment of MET and jet indicating SVJ but because of low MET (< 600 
GeV), signature not excluded by SVJ search (EXOT-2022-37)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-37/


SVJ Observables: 𝑁𝑗𝑒𝑡𝑠, 𝑝𝑇
𝑏𝑎𝑙
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𝑝𝑇
𝑏𝑎𝑙 =

𝑝𝑇 𝑗1 + 𝑝𝑇 𝑗2

𝑝𝑇 𝑗1 + 𝑝𝑇 𝑗2



SVJ Observables: 𝑟𝑖𝑛𝑣
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𝑟𝑖𝑛𝑣 = 1 −
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 0++ 𝑔𝑙𝑢𝑒𝑏𝑎𝑙𝑙𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑔𝑙𝑢𝑒𝑏𝑎𝑙𝑙𝑠



Constraining Parameter Space
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Reinterpretation: 
• ATLAS SUSY (SUSY-2018-22) and SVJ (EXOT-2022-37) – not sensitive to our 

signal
• ATLAS Mono-jet (STDM-2018-55) – has some sensitivity to our signal but 

minimal due to the low cross-section
• Artificially boosted cross-section to 106 pb (increase by order 15)

Z’ more promising? ➝ can boost energy without sacrificing cross-
section

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-37/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-55/


Thank you!



Issue #1: MG5 colour flow not conserved in a loop-induced process
➝ Inconsistency with origin of gluon in ~20% of events

Issue #2: Pythia Hidden Valley dark colour reassignment 
➝HV assumes partons come in pairs, third gluon assigned same colour as first, 
infinite loop during hadronization

More on Z’ Portal Issues
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Fig. 1: Example Feynman diagrams 



More on Z’ Portal Issues
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More on Lifetimes
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5900001:all = fGS(0++) void 1 0 0 10  1.e-18 0. 0. 3.001312378846069e8
5900002:all = fGS(2++) void 5 0 0 14.  1.e-18 0. 0. 1.5862465870679062e14
5900003:all = fGS(0-+) void 1 0 0 15.  1.e-18 0. 0. 1e18
5900004:all = fGS(1+-) void 3 0 0 17.5  1.e-18 0. 0. 1e18
5900005:all = fGS(2-+) void 5 0 0 17.8  1.e-18 0. 0. 2.150275020542972e16
5900006:all = fGS(3+-) void 7 0 0 21.1  1.e-18 0. 0. 4.193713743490581e15
5900007:all = fGS(3++) void 7 0 0 21.5  1.e-18 0. 0. 2.1249152066469e11
5900008:all = fGS(1--) void 3 0 0 22.5  1.e-18 0. 0. 1.594926887756735e11
5900009:all = fGS(2--) void 5 0 0 23.5  1.e-18 0. 0. 1.6608417495887217e12
5900010:all = fGS(3--) void 7 0 0 24.6  1.e-18 0. 0. 2.2958898060798477e12
5900011:all = fGS(2+-) void 5 0 0 24.8  1.e-18 0. 0. 4.8629493857846954e11
5900012:all = fGS(0+-) void 1 0 0 28.  1.e-18 0. 0. 2.227848124243123e12

Last column: lifetimes in mm/c



and a lot more plots…



Glueballs
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Momenta and MET
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Angular Separations
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Leptons and charged particles
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Jets
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