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Introduction to Hidden Valleys (HV)
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Hidden Valleys: A Beyond Standard Model \

(BSM) framework proposing a weakly coupled \
hidden sector. ”\

Predicts the existence of long-lived particles |
(LLPs) that are challenging to detect in
conventional searches. |

Provides insights into unexplored phenomena "\
such as dark matter and exotic Higgs decays.
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Strongly Coupled Hidden Sector

“Safe” regime
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Semi-Visible Jets Signatures

HIDDEN VALLEYS PROVIDE NEW UNEXPLORED SIGNATURES DEPENDING ON
BOUND STATES LIFE-TIMES AND DECAY MODES
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Model Building for FCCee

pseudo-scalar
meson 1, vector

mesons pY, p

and pions w+?°
et

pf, m¥° are detector

stable (DM candidates) Decay SM Decay to SM
leptons and photons
quarks
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Main Higgs boson production processes at the LHC

uher Institt fur Technologie

a) Gluon fusion
b) Vector-boson fusion

c) Associated
production of a Higgs
boson and a vector
boson

d) Simultaneous
production with a top-
quark pair
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Model Building for LHC

Only pro_duct/on pseudo-scalar
mechanism meson 7, vector
changes! 0 .+
g mesons pg, p;
and pions 7?0
/ /

q q

Decay to SM Decay to
leptons and SM
pL, m+° are detector quarks photons

stable (DM candidates)
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Main Higgs boson production processes at the LHC
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Implementation of model to LHC

Signature that is still uncovered: partially visible jets (SVJ)

enriched in photons and leptons, possible with displaced decay

Such signatures are challenging! A mixed one with photons and
leptons inside is even more complex and could require specific
reconstruction and identification algorithms ad hoc search

needed!
Plan to port the model to LHC, different production mechanism

Higgs to b quarks can be both an important background, and a

search putting some constraints

jets might fail the standard identification criteria for LHC

signatures, thus these events might have been discarded
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Higgs coupling to DS

Higgs coupling to P(n): Probability factor of
dark quarks ny meson production over
(Yukawa) dark pions 7 (0-1)

Spin-0 P(p): Fraction of dark vector
dark mesons to dark pseudo-scalar
quarks mesons (0-1)
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p-Decay
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N¢: Number of QCD colors
k: The mixing parameter

qr: The fermion charge

mg: SM Quark mass

m;: SM Lepton mass
. A0

My: g Mass

e: Electric charge
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e n : Fine structure constant

~ * m, : Mass of 17

* fy, : 1y decay constant

o
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Model Prediction on FCCee signatures

AST

Branc‘hing fra;tions for dark pg, meson S’ecay Branching fractions for dark pJ meson decay
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Average Fraction

Model Prediction on FCCee SVJ signatures
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Model Prediction on FCCee SVJ signatures

Average Fractions vs my, at mp =1 GeV
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Signatures for LHC

Leptons enriched SVJ

£-enriched SV]J event
example

¥ E,  ALIGNEDTO JETS

+ PROMPT LEPTON PAIRS PRODUCED
INSIDE HADRONIC JETS
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Photons enriched SVJ

y-enriched SV] event
example

Er ALIGNED TO JETS

X + PROMPT NON-ISOLATED PHOTON
PAIRS PRODUCED INSIDE HADRONIC

JETS
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Signatures for LHC: Investigating Low-Mass Regimes for SVJ Searches

« Current Status
« High-mass Z' searches at TeV scale: Ongoing work.
* No current searches at low mass (~100 GeV, Higgs scale).
* Proposed Focus
« Exploring Higgs portal to dark sector (DS) for access to low-mass regime.
* Investigating photon-enriched SV J:
« Standard selection criteria fail; requires a targeted analysis.
» Exploring lepton-enriched SVJ:
« Challenges with CMS hadronic vetoes and lepton-jet overlaps.
« Higgs as Mediator
» Higgs-mediated processes with H — bb vs SVJ:
« Dark bound states decay to SM particles with distinct jet signatures.

« Enables potential for targeted analyses
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Signatures for LHC: Example of photons-enriched SVJ
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NEMF = Neutral ElectroMagnetic Fraction

Jet Definition:
+ "Good jets" are identified with features similar to
QCD for H — bb
Challenge:
« Standard Higgs analyses (e.g., 0.9 NEMF criteria)
reject potential signal.
Solution:
« Develop targeted analyses for Higgs-specific jets
(e.g., Higgs decays to photons).
» Extend similar approaches for lepton-enriched SVJ
cases.
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Signatures for LHC

Run 2: 138 fb™! (13 TeV)
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Mediator Independence:

« Photon-enriched jets impact
analysis regardless of mediator
type.

Challenges:

» Classical jet analysis (blue line)
is inefficient.

« Removing Neutral
Electromagnetic Fraction (NEMF)
improves efficiency.

Proposed Solution:

« Develop a jet tagger using a
DNN trained on jet substructure
features.

« Technique can generalize to
Higgs portal scenarios.
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Summary

Our model can be easiliy adapted to LHC

» |t enables investigation of low mass
mediators like Higgs

» Chanllenges arising can be targeted
by using specific analysis methods
(DNN tagger)

* End state signatures are the very
similar for FCCee and LHC!

Qnly progduction pseudo-scalar
mechanism meson 1, vector
changes! mesons p, p
/ \ and pions 0
’ /
q q
H qd
0 £+ 50 ,= ./
w/z S T T3 1 PgrPg Mg
qa
q q

SM leptons and SM
quarks photons
pZ, m+0 are detector

stable (DM candidates)
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Sensitivity Studies with FCCee
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Effective Lagrangian for ALP Effective Lagrangian for Darkl

Phopton
In the IR limit, the ALP couples to SM photons via
d « gLNL — 'q e FyH
LR D —=m2a® — 8L L abl ) 194G47Y594- Lmed O — KeAy qff7 f
2 471' M lon W
— SxAu X7'X
Effectively this leads to
e« 1 , . . _a, .
Lr D — _”dPF' ¢ ¥ = 1.0 x 10™*: the mixing parameter.
87t f']:i e m, = 40: the ALP mass.
where ® my = 700: the VLL (Vector-Like Lepton) mass.
1 29184 N; AFE, e gr=1 ie couplling off ::e :LI; and tl?e AZP}C.h R
= ® g; = 1: the coupling of the dark quarks and the ALP.

* fu= ’; ;"L the decay constant.
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Model Prediction on FCCee SVJ signatures

Decay width for n; meson
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Model Prediction on FCCee SVJ signatures

To understand what particles are expected in which fractions in the FCCee

signatures simulations, we compute the average fractions. For this we set

the fraction of vector mesons p), p;t to the pseudo-scalar mesons 1), n;t, 1

HiddenValley:probVector = 0.75. Also we set the production ratio of 7
to all of the pseudo-scalar mesons HiddenValley:probKeepEtal = 0.25 .
First, we calculate the total photon, quark and lepton branching fractions:

Br(n; — vy) =1
T(og = 1)
(0% — qq) + T (p§ — 1I)
T(oy) — q9)
05 — q9) +T (0§ — 1)

Br(p) — II) =

Br(ps = 47) = 1
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Model Prediction on FCCee SVJ signatures

Weighted fractions are obtained by considering HiddenValley:probVector = 0.75
and HiddenValley:probKeepEtal = 0.25:

Bry,(7; — vy) =1 x0.25 x 0.25
Bry (o) — 1) = Br(p) — II) x 0.75
Bry, (03 — q4) = Br(py — 47) x 0.75
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Model Prediction on FCCee SVJ signatures

To normalize we introduce the sum of weighted fractions:

% = Bry(n) — 77Y) + Bro(p — 1I) + Bry, (0] — 49)

We obtain for the average fractions:

Bry, (77{1 — 77)

Brao (17 — 7Y) = >
Bry, (0% — 11
B () — 1) = refd = 1)
\ _ Bru(pg — 47)
Brao (0§ — 47) = — L1
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Events

Lepton Multiplicities revisited

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Events

Lepton Multiplicities revisited

FCCAnalyses: FCC-ee Simulation (Delphes)

FCCAnalyses: FCC-ee Simulation (Delphes)
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Events

Photon Multiplicities revisited

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)
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Photon Multiplicities revisited

Events

FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes)

1020_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _.(LJ 1020_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
o[ P(n)=0.25, ct=0.001mm [ JZHbb g o[ P(n)=0.25, ct=0.001mm [CJZHbb
107 Vs =240.0 GeV — A=0.5GeVH w107 Vs =240.0 GeV — A=0.5GeVH
] 16i L=5ab-1 — A=1GeV _— 1016i L=5ab-1 — A=1GeV __
O P(p)=0.75, e*6— ZH— Ff+X — A=10GeV - [ P(p)=0.75, e*e’— ZH— ff+x — A=10GeV ]
10" — 10" = —
1012:: - :: 1012:—:. e ::
1010:; N A - - | :: 10'° ;: Tl m - L 1 n ::
10°H IiRE 10°H 1 - -
10°F = 1000 =
10¢F = 1040 -
1021 —~ 1021 -

-IollII1IIII2|III:3IIII4IIII5IIII6|III7IIII8|III9|III10 10 III1 III2 III:3 III4 III5IIII6IIII7IIII8IIII9II 10
Photon Multiplicities (Event) Photon Multiplicities (Jet)

E""ZUI“ICh A\‘(IT Emre Sitti, Cesare Cazzaniga, Annapaola de Cosa, Felix Kahlhoefer 06.12.24

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘



