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* WWhat would be the
phenomenological consequences
of “dark charged” dark matter

* How we can
check
whether dark matter is "dark charged” or not.



DM with dark charge

Dark matter may have a dark-U(1) charge
(good to have proper relic density)

dark-U(1) can mix with SM U(1)-hyper through a
Gauge-kinetic mixing : Gauge-invariant term

Yd Y

L > GFLVF#V AN

It dark-U(1) is massless (unbroken), then a dark
matter can have a milli-charged under SM U(1)

It dark-U(1) is massive, dark matter would be totally
neutral under SM U(1) (Holdom 1986)




How can we observe”

* Dark Showering ( Dark Bremsstrahlung )
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How can we observe”

* Dark Showering ( Dark Bremsstrahlung )
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Energetic DM @ Colliders
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* Radiations from Energetic “dark charged” particles will
acquire certain level of energy, enough to be “tagged”

(detectable ettect)
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Energetic DM @ Colliders

At Collider, we can BOOST dark matters
(1). Hard recoil from High PT ISR jet

High Energy Barrier from a Heavy mediator .
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A Collider can not produce a mediator directly =
(Effective operator)



Energetic DM @ Colliders

* At Collider, we can BOOST dark matters
(2). Hard back-to-back boost from a heavy mediator
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Collider can produce a massive mediator (here Z°) ™
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Can we do more than
tagging

More than observing
a dark charged particle
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Do dark matter and a dark-photon
share the same origin for their mass”
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dark matter and dark-photon
share the same origin for their mass

dark matter and dark-photon
have their own mass mechanism

Can we see difference @ LHC ?
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DM, dark gauge boson
and a Dark HIggs

A’M b XL XR

/ / /
QCP XL XR

Lomatter 2 —9' QA XY X — 9 Qa AL XY V5X

le~

) 1 B Q
QA — ( Q ) | L: D yXXL(I)*XR h.C.
Qv = 3(Qhn + Q) = F + @,
Thus we always have the axial coupling

between DM and a Dark photon
if a dark photon and dark matter share the origin of mass
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Additional Showering process

Differential probability of o 1..dt
a splitting process X wda; Px—>>< Vd (w, t)

Vd With @ = =

Err

Splitting function

PX—>X’Yd (5[37 t) = Q

X
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- In a chiral case, the longitudinal component of a dark photon
couples to a dark matter

1 + z2 m?
PX_>X’Yd(£E7t)2(Q + Q% ) . | ZQﬁm—QX



Benchmark points

* As dark matter and dark photon gets the mass from

dark Higgs
M~y = Q/Qébvs
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Different showering pattern 1@
@ collider

Benchmark Points (BP)| A B C Vector : (Q'L, QR) = (1,1)
a 0.3 | 0.15 [ 0.075 | chiral: (QL, QR) = (1,0)
my (GeV) 0.7 | 1.0 | 14
m~, (GeV) 0.4

(o' << 1) limits

2 2
2 m m
12 Ty / P Yd X 2
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Quantify the difference

* \We use the transverse energy deposits from leptonic

decay modes

Benchmark Points (BP)
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-Due to GBET, the energy spectrum
of leptons from a longitudinal mode

IS larger compared to the case of
leptons from a transverse mode
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Checking chirality@ Collider

e After triggering signal events by tagging a
collimated muon-jet (a jet only with muons)

2
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Conclusion

 High Energy Collider program is an active experiment
- to find dark sector ( dark matter ).

- to measure properties of a dark sector.

 The mass origin in dark sector (like SM-Higgs
mechanism) can strongly affect the dark photon
showering in "Energetic”’ dark matter.

* Collider can probe the nature of dark matter by examine
the pattern of dark photon showering
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Benchmark points

* WWe choose a bench mark point for
- the prompt decays of a dark photon
- Non-negligible decay mode into muons-pair to tag!
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Constraints from LHC

with Mz =15 TeV and m,, = 0.4 GeV

(a) Strong coupling limit as o’ = 0.5

Excluded by
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