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A GROWING FIELD

JHEP02(2019)179 JHEP06(2022)156 JHEP07(2024)142 
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A GROWING FIELD

I will be brief on this 

given the time constraint
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EMERGING JETS
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SIGNAL MODELLING

▪ Based on JHEP05(2015)059

▪ SM gauge group is extended by new QCD-like force → 

𝐺SM × SU 𝑁𝑑 𝐷𝑆

▪ Assume dark sector (DS) contains 𝑁𝑓 dark quark states

▪ Dark QCD confines in the infrared at a scale Λ𝑑 ∼ 𝑚𝑝𝑑

▪ The lightest dark baryon is stable → DM candidate

▪ Mesons may decay back to the SM

▪ Scalar mediator XDK living in the fundamental 

representation of both SU 3 𝑆𝑀 and SU 𝑁𝑑 𝐷𝑆
JHEP05(2015)059

JHEP07(2024)142 
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SIGNAL MODELLING

▪ Mediator XDK is a color triplet and carries electric charge 

of 1/3 or 2/3

▪ Can be produced in pairs via ggF or 𝑞 ത𝑞 annihilation and 

decay to a dark quark and a SM quark

▪ “Unflavored” model: assume simple flavor structure of 𝑘𝑖𝑗 

+ FCNC constraints → assume only decays to 𝑑 quarks 

non-negligible

Yukawas

𝜋𝐷𝐾 decay constant

JHEP07(2024)142 
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SIGNAL MODELLING

▪ Mediator XDK is a color triplet and carries electric charge 

of 1/3 or 2/3

▪ Can be produced in pairs via ggF or 𝑞 ത𝑞 annihilation and 

decay to a dark quark and a SM quark

▪ More involved flavor structures can also be considered, 

e.g. JHEP08(2018)052

JHEP07(2024)142 

JHEP08(2018)052

Focus on “flavor aligned” scenario with 

3 dark flavors that couple to 𝑑-type 

quarks via couplings 𝑘𝛼𝑖 = 𝑘0𝛿𝛼𝑖
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SIMULATION

▪ Signals generated with the hidden valley module in PYTHIA 8.212

▪ Free parameters: 𝑚𝑋𝐷𝐾, Γ𝑋𝐷𝐾, 𝑁𝑑, 𝑁𝑓, 𝜅𝑖𝑗 , Λ𝑑, 𝑚𝑄𝑑,𝑖
, 𝑚𝜋𝑑

, 𝑚𝜌𝑑
, 𝑐𝜏𝜋𝐷𝐾

▪ Assume 𝑚𝑄𝑑,𝑖
= 𝑚𝑄𝑑

= Λ𝑑 = 2𝑚𝜋𝐷𝐾
= Τ𝑚𝜌𝑑

2 ∀ 𝑖

JHEP07(2024)142 

“Unflavored” “Falvor-aligned”

𝑁𝑑 3 3

𝑁𝑓 7 3

𝑚𝑋𝐷𝐾
 [GeV] 1000, 1200, 1400, 1500, 1600, 1800, 2000, 

2200, 2400, 2500

1000, 1200, 1400, 1500, 1600, 1800, 2000, 

2200, 2400, 2500

Γ𝑋𝐷𝐾
 [GeV] 10 10

𝑚𝜋𝑑
 [GeV] 10, 20 6, 10, 20

𝑐𝜏𝑚𝑎𝑥 [mm] 1, 2, 5, 25, 45, 60, 100, 150, 225, 300, 500, 100 5, 25, 45, 100, 500
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ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

▪ High jet 𝑝𝑇 and 𝐻𝑇 triggers

▪ At least 4 AK4 jets with 𝑝𝑇 > 100 GeV, 𝜂 < 2

▪ Tracks associated to jets via Δ𝑅 matching

▪ At least 2 jets tagged as EJs

JHEP07(2024)142 

Model independent Model specific



1/21/2025 Searches for semivisible jets 10

ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

JHEP07(2024)142 

Model independent

▪ Unflavored:

Median transverse displacement 𝑑𝑥𝑦

𝛼3𝐷 =
σ

𝐷𝑁<𝐷𝑁
𝑚𝑎𝑥 𝑝𝑇

𝑡𝑟𝑎𝑐𝑘

σ 𝑝𝑇
𝑡𝑟𝑎𝑐𝑘 , with

𝐷𝑁 =
𝑑𝑧

0.01 cm

2
+

𝑑𝑥𝑦

𝜎 𝑑𝑥𝑦

2
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ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

JHEP07(2024)142 

Model independent

▪ Flavor-aligned:

𝑛
track

𝑑𝑥𝑦>𝑑𝑥𝑦
min

, explots heavy-flavor content

Jet girth =
σ𝑖 𝑝𝑇

𝑖 Δ𝑅(𝑖,jet)

σ𝑖 𝑝𝑇
𝑖
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ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

▪ High jet 𝑝𝑇 and 𝐻𝑇 triggers

▪ At least 4 AK4 jets with 𝑝𝑇 > 100 GeV, 𝜂 < 2

▪ Tracks associated to jets via Δ𝑅 matching

▪ At least 2 jets tagged as EJs

JHEP07(2024)142 

Model independent Model specific
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ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

JHEP07(2024)142 

Model specific

▪ GNN tagger, separately trained on unflavored 

and flavor-aligned signals

▪ Inputs are matched tracks represented with 5 

coordinates:

▪ Δ𝑅 track, jet

▪ ln( Τ𝑝𝑇
track 1 GeV), ln( ൗ𝑝𝑇

track σ 𝑝𝑇
track)

▪ 𝑇 𝑑𝑥𝑦 , 𝑇 𝑑𝑧  where 𝑇 𝑥 =

sign 𝑥 ln
𝑥

1 cm
+ 1
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RESULTS JHEP07(2024)142 

Unflavored, agnostic Unflavored, GNN Aligned, agnostic Aligned, GNN
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A GROWING FIELD

JHEP02(2019)179 JHEP06(2022)156 JHEP07(2024)142 
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SEMIVISIBLE JETS JHEP06(2022)156 

▪ Again, DS with new SU(𝑁𝑑) confining force

▪ Connected to SM via a leptophobic vector 𝑍′

▪ 𝜒 shower in the DS producing scalar and vector dark mesons 

𝜋dark and 𝜌dark

▪ Some dark hadrons may be stable (DM candidates) while 

others may decay back to the SM

arXiv:1707.05326
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SIGNAL MODELLING JHEP06(2022)156 

▪ Dark quark production follows LHC DM recommendations:

▪ 𝑔𝑞 = 0.25, 𝑔𝜒 = ൗ1.0 𝑁𝑐
𝑑𝑁𝑓

𝑑 = 0.5, ΤΓ𝑍′ 𝑚𝑍′ = 5.6%

▪ DS dynamics:

▪ 𝑁𝑐
𝑑 = 2, 𝑁𝑓

𝑑 = 2, 2𝑚𝜒 = 𝑚𝜋𝑑𝑎𝑟𝑘
= 𝑚𝜌𝑑𝑎𝑟𝑘

≡ 𝑚𝑑𝑎𝑟𝑘

▪ 𝜌dark decay democratically to all allowed flavors

▪ 𝜋dark decay through mass insertion → favor heavy flavor

𝑟𝑖𝑛𝑣 ≡
#stable dark hadrons

#dark hadrons
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SIMULATION JHEP06(2022)156 

▪ Pythia 8.230 (8.226 for 2016 data) with HV module

▪ With assumptions above, 4 free parameters remain: 𝑚𝑍′ , 𝑚𝑑𝑎𝑟𝑘 , 𝑟𝑖𝑛𝑣, 𝛼𝑑𝑎𝑟𝑘

▪ Define 𝛼𝑑𝑎𝑟𝑘
𝑝𝑒𝑎𝑘

 that maximizes dark hadron multiplicity, 𝛼𝑑𝑎𝑟𝑘
ℎ𝑖𝑔ℎ

= 1.5𝛼𝑑𝑎𝑟𝑘
𝑝𝑒𝑎𝑘

, and 

𝛼𝑑𝑎𝑟𝑘
𝑙𝑜𝑤 = 0.5𝛼𝑑𝑎𝑟𝑘

𝑝𝑒𝑎𝑘

▪ Perform 3 2D scans in parameter space:

Courtesy of Kevin Pedro



1/21/2025 Searches for semivisible jets 19

ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

▪ High jet 𝑝𝑇 and 𝐻𝑇 triggers

▪ At least 2 AK8 jets with 𝑝𝑇 > 200 GeV and 𝜂 < 2.4

▪ 𝑅𝑇 = Τ𝑝𝑇
𝑚𝑖𝑠𝑠 𝑚𝑇 > 0.15

▪ Δ𝜂 𝐽1, 𝐽2 < 1.5

▪ 𝑚𝑇 > 1.5 TeV

▪ No isolated electrons or muons

▪ 𝚫𝝓𝐦𝐢𝐧
Ԧ𝑱𝒊, 𝒑𝑻

𝒎𝒊𝒔𝒔 < 𝟎. 𝟖 → SVJ topology

▪ Tag SVJs

Model agnostic

Model specific

JHEP06(2022)156 
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ANALYSIS STRATEGY (IN A 
TINY T INY NUTSHELL)

Model specific

JHEP06(2022)156 

▪ Exploit a DBT trained on jet substructure:

▪ Heavy object tagging: mSD, τ21, τ32, N2
(1)

, N3
(1)

▪ Quark-gluon discrimination: DpT
, σmajor, σminor, girth

▪ Flavor (energy fractions): fγ, fh±, fh0, fe, f
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RESULTS JHEP06(2022)156 

Agnostic BDT

10.1007/JHEP06(2022)156



1/21/2025 Searches for semivisible jets 22

ONE WORD ON SUEPS

▪ Scalar mediator S decaying to dark quarks, in turn showering to 

dark mesons 𝜙 with a thermal 𝑝𝑇 distribution controlled by 𝑇𝐷

▪ Trigger on hadronic activity 𝐻𝑇

▪ Extended ABCD fit in the sfericity-𝑛𝑐𝑜𝑛𝑠𝑡𝑖𝑡𝑢𝑒𝑛𝑡𝑠 plane



SUMMARY 
• CMS has star ted exploring the novel 

signatures arising from strongly -

coupled dark sectors

• The breadth of  possible models 

makes comparing experimental 

techniques very challenging → focus 

of  this workshop!

• Many more interesting results to 

come in the near future

21.01.2025 Anomaly detection to search for semivisible jets 23



« C e  q u i  e s t  a d m i r a b l e ,  c e  n ’e s t  p a s  q u e  
l e  c h a m p  d e s  é t o i l e s  s o i t  s i  v a s t e ,
c ’e s t  q u e  l ’ h omme  l ’ a i t  m e s u r é . »

J a c q u e s  A n a t o l e  F r a n ç o i s  T h i b a u l t

THANK YOU
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