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Dark Matter Freeze-out: WIMPs and wiMPS

Comoving Number Density
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“WIMP Miracle”

BUT, this doesn’t work for y < ~ 2 GeV

...y annihilation too small for weak-scale mediators



Kinetic Mixing and the Dark Photon

link between SM and
hidden sector is weak...
good place for DM to
hide!
SM WIMP miracle=wiMP miracle
£=£SM+£HS+£portal
1o (€ ) 2
— | = 224 _
Loy = =7V =5V F" |+ [Duol* = V(9)
y
vector portal mixing with SM photon \
is very generic...if there is another U(1) Kinetic Mixing
in nature, mixing must occur. term
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Dark Photon Production and Decay (at Fixed Target)

Production is analogous to bremsstrahlung:

A
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e —— do 8Z%a3€?x T
€ dz m2, ( T :1:)) Log

’Y:ﬁfﬁ
A Vi eprefers x~1 (i.e. Ex = Ebeam)

esmall angle emission dominates

Z

A' decays back to charged SM fermions
with BFs taken from

R(e*e—hadrons/e*e™—p*u) Decay Branching Fractions:
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The decay length depends on ma and €:
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Branching Ratios
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1 AR assumes mA'<my i.e. can’t decay to hidden sector particles
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Visibly-Decaying Dark Photon Parameter Space

Minimal A’ scenario (interactive)
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Visibly-Decaying Dark Photon Parameter Space

Minimal A’ scenario (interactive)
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Visibly-Decaying Dark Photon Parameter Space

Minimal A’ scenario (interactive)
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Visibly-Decaying Dark Photon Parameter Space

Minimal A’ scenario (interactive)
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HPS (as a template)

7 module (uv-stereo) Si Strip

tracking detector in magnet
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PbW crystal calorimeter
for triggering etc.




HPS Searches and Reach (it's a long story)

Large signal, HUGE background

Minimal A’ scenario (interactive)
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bump-hunt is projection for combined 2015, 2016, 2019 10

and 2021 data sets



What limits HPS?

The A’ is produced very forward — silicon has to be very close to beam
e we sit at ~15mrad around beam, at closer layers (5/10cm) it's very hot!
e the 15mrad set’s our lower-mass acceptance at a give beam energy
* requiring ~1% max per/strip occupancy (so we can vertex cleanly) sets the max lumi
® at e.g. 4 GeV we ran at 200nA on 20um W target

Old Layer | e- exposure Hits/cm30days

8x 10

0.1 |

Y (mm)

0.01 | o

8 ns occupancy @ 400 nA

-1 -0.8 -06 -04 -0.2 0 02 04 06 038 1
X (mm)
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Pushing the bump-hunts down

To get the bump-hunt reach to
lower coupling need more

lumi...that's it.
Improves at sqrt(£).

To do that, need to get away
from the beam (and give up

vertexing)
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Minimal A’ scenario (interactive)
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Y

Electron, P = Eb/2

) APEX @JLab  mRs-en Ry Dot
ldea #1: Two-Armed HPS

DN

Beam/%i ffffff },,,mﬂ .
- . - - . . e o - Ta target / :////////////
S 2 )
13%1cm 15L72cm 17%:3:m 19L7tm ECal HRS-rig
3 O _ Positron,P:Eb/Z //
B=1T field region
. - @~ ref. track
g 20 - —— % ref, track
'43 - 4 GeV beam
@ -=«+ photons
T 10 - B Si sensor
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x
magnet extent
0.0 0.5 1.0 1.5 2.0
z [m] (beam direction, target at z=0)
Removes all detectors from magnet ~130cm downstream of target
Large separation between electrons & positrons;
Stay off the nominal beam line and photon trajectories at only small efficiency loss
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Dead zone for TA-HPS

: : . Beam Backgrounds 10 LA @ 6.6 GeV on 2.5% X, target
* Being off the beam trajectory lets _ o -
us get away with a much smaller b coig | SV Sensor I
vertical gap b s i 22
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® carlier studies say ~5Smrad is : s WH
safe (at T0UA & 2.5% target) o  ' \§ | |

® since production cross section LR S
X (cm) Y (cm)

falls as 1/m2this improves low-

Note: ~4 GeV
prompt A" (MadGraph)

mass reach significantly

e Note: early studies were done
using 6.6 GeV beam...l switched g oos

to 4 GeV for this talk.
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Estimated reach for TA-HPS

e Even with low current (100nA), this Minimal A’ scenario (interactive)
107¢

30 days @ 4 GeV on 1% W target

(includes lifetime smearing)

Cd
"
"

setup can reach new parameter space. -

o L
- o

] a_e 95% upper bound " Y
e |arge lever-arm and constraining 1074 e PPt
....... - - - ----..-..-...-u-"" APEX
vertex to beam spot @ target gives ..................:::I::.-,_,...?:.T.Lf.?.5.?{‘3.5‘.?.?.‘?&'?99.!’!%»-4 ---------- BaBar
. 10 . -7 NA48/2
extremely good mass resolution! 3 e 1 —

. . 10—7 LHCb prompt
e BUT, atlow epsilon, these A" will travel

significant distances!!! ~ 8] - ~ .
9 W 10 _‘ .- ~ - E Thermal relic targets
- S
e |'ve tried to account for this by: 3 RN
-9 ~KEK
10773
. ~
 simulating correct gammactau T N b displaced
T . . -10 SRR s
distribution/epsilon for decays in 107 1 m (4 GeV)
. ~
o . ’ ~
efficiency L0-11. ~ |
N
e degrading the mass resolution . 1y o - :
| o 10" — - — W, B
depending on expected distortion 1 10 102 103
we'd see for a given m/epsilon ma [MeV]

SI AR Contours are from very simplified MC, for entertainment purposes only 15



Pulling the beam dumps up

Minimal A’ scenario (interactive)

beam dump experiment’s
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To push up, need a stumpy -

dump with detector right after. :
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...this is a crowded space...
NA62, FASER, DAMSA Pathfinder (CDR) are on trail
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http://arxiv.org/pdf/2601.15255

Dump HPS

20-30 cm

Tungsten
Dump

fancy diagram of hps floating in space with W dump instead of thin target

(plus muon detector)
17



About that dump...

Dump will have to be actively cooled

e kK\Ws of power to go somewhere
For a W-only target:

* | ots of fast neutrons!
® note the units on y-axis here (/8ns/100 uA)

* these are not great for silicon

® assume running at TuA, still have handful of p/
/| per 8ns

* photons from hadronic reactions at back of
dump?

Forward-going A’ only produced in first few
radiation lengths

ol ARy
L | NNy g \ W4

Particles in 8 ns of 100 microA

i

1T 11y
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\ Ebeam = 6.6 GeY - gamma

\ —— neutron —
\ 1 1 — et/e- -
\\ FLUKA simulation proton :
\ assuming just W — plp- 1

—— mu+/mu-

v dump (circa 2014) — K+/K;

| 10!3/day @ | uA
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10 20 30 40 50
Target Thickness (cm)
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Better(?) schematic of beam-dump-HPS

L1 L2 L3 L4 L5
20cm 30cm 50cm 70cm 90cm

Charged tracks in 8 ns @ [0uA 6.6 GeV

——--———————q-——————--————

_—— e ———
W ——————— T —————— il ————
——————— —

7

magnet extent

0.4 ~0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
z [m] (beam direction, target/dump center at z=0)

Let's assume we get beam dump sorted out

* The beam will be ~gone after the dump, charged particles exiting dump will be softer and more spread

out = reduce gap to Smrad

e | ook for pairs of charged tracks that give vertex downstream of the dump

o1 AN
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Estimated reach for dump-HPS

Looks like a beam-dump exclusion:

Minimal A’ scenario (interactive)

30 days @ 4 GeV
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Summary & Extras

There is still unexplored parameter space for visible dark photon decays
...particularly in the very interesting thermal-treeze-out parameter space

e HPS, X17, NA64, FASER, DAMSA(tbd), SHIP (looming), BELLE Il should take some serious bites

e \We shouldn't be scared off by these huge future experiments with their claims of covering swaths of

parameter space
* “No battle plan survives contact with the eremy data”
e of course, this goes for any estimated exclusions in this talk too

e \We've presented two relatively small, quick (in beam-time...design?) experimental concepts that

should give significant new reach. Who will pick up and run with them?

e \We didn't talk about the m(A')>2m( ) case: decays to invisibles

e BDX (JLAB), LDMX(SLAC), NA64, SHIP etc

ol ARy
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What about high-lump CLAS?

Yeah, what about CLAS?

e Nominal dark photon — f+t-is too forward for most (all?) parameter space
® at very high current maybe higher mass A’ where opening angle is large?

* There are some really interesting non-minimal dark sector models that give signatures that are not

dead-tforward

e SIMPs (Strongly Interacting Massive Particles: Prompt
e A' decays to Vp(—ete )mp(invisible) V \

e iDM (interacting Dark Matter): D'Sp'aced
e A' decaysto yx'(—xyete) : ] 'E”,',Z?L;‘y‘*’

® There are more that could benefit from CLAS' larger angular acceptance, and probably from higher

luminosity too (acceptance would still probably be small).
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