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Description of hadronic currents
for Vector Particles

 Data-driven approach based on e
 Theory:

olete” = H)
o(ete” = ptu~)

o low-energy data R}Y[exp] =

» ChPT, valid up to /s < 500 MeV

* Hidden Local Symmetry =% inserts vector meson fields

Decay to all sorts of hadrons
through mixing with vector mesons
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Description of hadronic currents
for Vector Particles

» Data-driven approach based on e™

 Theory:
e ChPT, valid up to v/s < 500 MeV

* Hidden Local Symmetry =% inserts vector meson fields

e -low-energy data  Rilexn] =

Vector Meson Dominance (VMD) approach = vector mesons

dominate hadronic currents
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Description of hadronic currents
for Vector Particles
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Workilow

Individual hadronic channels have the form:

Tt = —(p1 — p2)* Ficc () Rscie 3 o

avm%/ g4y

eTe~ data to describe the
SM current J“,

Separate »,w;¢
contributions

Put together pieces for
hadronic current of model
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Status and Improvements

= z_’;‘.’;; » DarkCast only considers the
R_rr ground-state w peak

¢ PDG data

» We also include higher w
resonances, as well asa P and a

¢ (second peak) contribution

» This channel is very important

since it is the only one below the
two-pion threshold.




Status and Improvements
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KK=K'K'" KTK~

KEkn=K'K-n K doa & 'K

« We fit every separate component of
each channel to recent data

« DarkCast considers channels as a ¢
contributions only



Status and Improvements
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A lot of additional hadronic
modes considered!
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e Sum of all hadronic contributions close to

data up to higher energies
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ctors Revised
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B model = fan

B Model s

arXiv 2201.01788

Ana Foguel, Renata
Zukanovich, PR

arXiv 2203.05090

FPF Whitepaper

In blue: leptonic decays
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Indirect Detection with Vector DM
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Indirect Detection with Vector DM
or Vector Mediator Models

Detection of stable particles d N

6—:7 V? p/ﬁ? V,S dEkln

So far: « HEP tools: Herwig, Pythia

» Tabulated values: DarkSUSY, micrOmegas,
PPPC4DMID, MadDM

energy scale:

S

to a few GeV

7 A Vs 25 GeV

perturbative QCD g

non-perturbative QCD
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Update E

arXiv 2104.06168

Adam Coogan, Logan Morrison, Stefano Profumo

go""
00"
. Including error estimate! '.,
Herwig 7 *

IR BEEEYR Tilman Plehn, PR, Peter Richardson
arXiv 2102.00041 &4l

e computing spectra using ChPT
* Constraints from existing gamma-ray data + CMB
* Prospects for upcoming telescopes

Z O - Adam Coogan, Logan Morrison,
Lt Tilman Plehn, Stefano Profumo, PR

Tabulated values
Limited to kinetic mixing, B-

arXiv 2203.07439 coupled models

Torsten Bringmann, Joakim Edsjo

Extension to GeV range!
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Gamma rays

Sources: 1 Monochromatic «y rays from WOV and 7y
2F¢ m.

—> Line-like spectrum at £, = ) with P =m,n
2. Decays of unstable particles, e.g. T g =y

—» box spectrum in 770% more complicated in consecutive decays, e.g. K 2 S 47, or

d/N 1 0
3. Final State Radiation (FSR): goes like X — =2 om 5 by
dE., i
10—1-§ MV — 1 Gev 2‘
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Positron

Sources: 1. Line-like spectrum from i S5 e / )
2. Decay from unstable particles:
A. Muon decay spectrum: analytic form including bounds of
integration from boost into lab frame
B. Pion decay spectrum is boosted version

C. Others more round
=

Kinetic Mixing
VvVs=1GeV ete”

dN /dz




Limits:

Yx =V — SM

my — Smx
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Conclusions

« Robust description of decays into various hadronic final states for vector particles with arbitrary couplings

» Improvements compared to previous calculations of widths, branching ratios, lifetime

« DEcays of LIght VEctors Revised (DELIVER) Code available on Github

» Forward physics Facility: Important for experiments like FASER?2

e Indirect Detection: Energy spectra can now be calculated for models with vector particles in the GeV and sub-

GeV region \\
1. with Herwig (MC generation), DarkSUSY (tabulated spectra) o /é/@ Z

2. with Hazma: Full Indirect Detection pipeline from process to limit \/%4*

2.0
‘Pubt&ctv available socon'
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