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Which Dark Sector?

OpsOqg
SHTH VeV-GeV DI

For High Intensity exp. constraints:

/ 1%
FMV F'LL Batell, Pospelov, Ritz 0906.5614

deNiverville, McKeen, Ritz 1205.3499
deNiverville, Chen, Pospelov, Ritz 1609.01770
Buonocuore, Frugiuele, deNiverville 1912.09346
and many many more!
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https://arxiv.org/abs/2110.10691

Model independent approach

—] —» ¢

AIR << AU\/’ Heav;;g:—:-ediator
¥ Os\MOps

Lightest Dark Sector Particle
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Model independent approach

—] —» ¢

AIR << AU\/’ Heavy mediator

scale

17/) Conformal regime OSl\I ODS

Lightest Dark Sector Particle

e weakly coupled states
ODS |Q> — <O e dark “gluons”
o ...
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A v perspective

Contino, Max, Mishra 2012.08537

e 1956: Cowan-Reines discover v CC
e 1973: v NC discovery at Gargamelle

e 1983 : Z discovered
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A v perspective

Contino, Max, Mishra 2012.08537

A

e 1956: Cowan-Reines discover v CC

2
e 1973: v NC discovery at Gargamelle AU\/’ — MZ,W 1 107 GeV
e 1983 :Z discovered By & 450 GeV
Vs =30 GeV
AlR=my~0 |
®
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A v perspective

Contino, Max, Mishra 2012.08537

A
2
e 1973: v NC discovery at Gargamelle AU\/’ — MZ,W 1 107 GeV

e 1956: Cowan-Reines discover v CC

e 1983 : Z discovered Eyoam = 450 GeV

N Vs = 30 GeV
Ops = vy'Prv - Ogy = J g,p

j — 5y AR =my ~0 |
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Bounding the models: production

Contino, Max, Mishra 2012.08537

Inclusive Production

o x /Z [(DS|Ops| )| /: 2i Im [(Q| Ops Ops|Q)]

optical theorem
DS “internal phase space” at

fixed PDS
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Bounding the models: production

Contino, Max, Mishra 2012.08537

Inclusive Production . N Model independent

o x /Z [(DS|Ops| )| /: 2i Im [(Q| Ops Ops|Q)]
n \_\/_/

optical theorem

DS “internal phase space” at

fixed PDS Cop%% Conformality

Rest: fixed by OSI\-’I | Integrate PDS
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Bounding the models: detection

Contino, Max, Mishra 2012.08537

Detection: depend on w properties

Decay  (¥[Opg[Q) ~ AP T

BR inherited

f ~/ COAIR/47T by Ogq)\[p :
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Bounding the models: detection

Contino, Max, Mishra 2012.08537

Detection: depend on w properties

Decay | ($]Ops[Q) ~ AR T

BR inherited

f ~/ COAIR/47T by Ogq)\[p :

Scattering depend on

Scatter <¢ J (p f) | ODS | ?,/Jz(qz» splittings, extra form

factors,...
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Bounding the models

Contino, Max, Mishra 2012.08537

ﬁ e Prompt decays

e Displaced Vertex @ LHC

e Beam dumps (E137)

e Missing energy @ LEP/LHC
e Z/H invisible width

e Missing energy (NAG4)

¢ e Rare hadron decays (BESSIII, BaBar, ...)
long CT
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Bounding the models

Contino, Max, Mishra 2012.08537 10* Strongly coupled DS
ShOI’t CT : [’rudlm.tinu: dl portal .5 b&
: resonant prod. | 4 —
ﬁ e Prompt decays ! > - Decay:
Z portal
e Displaced Vertex @ LHC

|

e Beam dumps (E137)

e Missing energy @ LEP/LHC

Avy (GeV

e Z/Hinvisible width

B D =8 portal

e Missing energy (NAG4)

¢ e Rare hadron decays (BESSIII, BaBar, ...)
long CT

-4 -3 2

Logyo(Ar/Auvvy)
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High intensity experiments

Dump
Target DS shell
(direct prod.)
/Eﬁ "
I Mesons
e/p beam DS
(meson decay) ’QL’
Npot
S~ ——=x oDS
g 2 N
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High intensity experiments

Dump

DS shell

(direct prod.) ‘
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Production modes at v experiments

Meson decay “Direct” production

4 q

| G S |
£ F Xig DS
18 Z

(target) p:

;"@ —
DS =g

(true for proton beam dumps in general, except for meson production)

Pbs = (])T«ZEbeanl)
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Production modes at v experiments
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Detection at v experiments

Isotropic LDSP decay
in the DS rest frame

%

Inciden
Proton beam fps Beam axis
Decay ’
Point
(to LDSPs) l
/
z=0
{ /
/
< >«
l : d
0.5-1 km 10 m
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Detection at v experiments

Isotropic LDSP decay
in the DS rest frame

. _ Epg
o BB FY/LDSP = A
ncident IR T NI DSPAIR.
nci
Proton beam @ Beam axis
. | LDSP spread
::?)iI:ItZ)SPs] E |
520 YDS = DS DS spread /
| PDS /
< l > (—d—’
0.5-1 km 10 m
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Detection at v experiments

. q Signature:
Isotropic LDSP decay two separated e+e- showers
in the DS rest frame ‘0‘
C or

single very energetic
electron signature

%

(Reducible) backgrounds:
NCQE pi0O->
misreconstructed photons
or
CC events
under control!

Batell, Berger, Ismail 1909.11670
Foroughi-Abari, Ritz 2004.14515

Berryman, de Gouvea, Fox, Kayser, Kelly, Raaf 1912.07622
and others
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Strongly coupled

10 events line
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Conclusions

e Many possible light DM models

e Can we study them in a model independent way at high intensity/v exp.?
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Conclusions

e Many possible light DM models
e Can we study them in a model independent way at high intensity/v exp.?
e Production: Yes for elusive DS models

e Decay signal: depends only on spin and magnitude of single form factor
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Conclusions

Many possible light DM models

Can we study them in a model independent way at high intensity/v exp.?
Production: Yes for elusive DS models

Decay signal: depends only on spin and magnitude of single form factor
Z portal/JJ portal can be probed at v exp. (assuming bkg under control)

Interesting region for masses in .1-1 GeV range.
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Thanks for the attention!
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Backup
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Cosmology
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Detection at v experiments

Isotropic LDSP decay \
in the DS rest frame
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Production through non-renormalizable portals

r T T v T T v T v T T v T T T T v T T v T

i From Contino, Max, Mishra
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Strongly coupled benchmark

C A=006 C=128
) . B=05 = 0.1 Mg

From Webber, Phys.Lett.B 143(1984)
501-504
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