X17: Interpretations and Other
Searches
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_ X17 in 4He and 8Be
e Seen in 8Be and 4He . 10 |

§ 90 | "H(p.e'e) He
e Persists in original 5-fold and new s0 b E,= 900 keV
6-fold geometry (but most o
detector angles are the same) i l -
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 Heavily incompatible with simple 2 | +TL 7 =
kinetic mixing model al: 3
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* would have been seen in pion ranintmass (HEHET
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* Dark-Photon Specific:

* Beryllium: « MAGIX - operates 2023+
« 8BeP@Purdue - proposed, did e LDMX - operates 2024+. data
not proceed hungry

* NAG4 - probably can't close the
gap. data hungry

* APEX - can't reach
* HPS - probably can't reach

e ?77@Toronto - rumored...

 General-Purpose Accelerator:

* LHCDb - stats by ~2023 » PADME - studying visibles reach,

» Belle Il - stats in 2025 or later needs modifications
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 Upgrade for next run allows softer
final states to be recorded

 Can exhaust parameter space even
with protophobic with sufficient data,
~20237? (green bands)
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(P. llten paper (arXiv:1801.04847) allows to recast simple
dark photon measurements in more complex models)



https://arxiv.org/abs/1801.04847
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KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

T

EM Calorimeter Y

Csl(T1), waveform sampling electronics

\

electrons (7 GeV)

N Particle Identification
Vertex Detector

D 2 / Time-of-Propagation counter (barrel)
2 layers Si Pixels (DEPFET) + / -

Prox. focusing Aerogel RICH (forward)
\ o
4 layers Si double sided strip DSSD /

&

positrons (4 GeV)

Central Drift Chamber
Smaller cell size, long lever arm

* First results expected soon, but direct
measurements won't reach down far
enough (horizontal lines) even with full

dataset.

o X17-specific search uses displaced vertices
in J/W decay, 50ab-1, expected by ~2025

e Won't exhaust X17 even so.
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Belle-ll

Belle II, 50 ab™!
Belle I1, 200 ab™!

0.010
0.005

3ESIIL, o5 = 5 MeV
- BESIIL op =1 MeV

NA48

0.001
5.x107%
1.x10™ -
e 105 3 E141
' 0.005 0.010 0.050
mx [GeV]
arxiv.:2012.04190

0.100



\\

Center for Frontiers M A I X
in Nuclear Science

107
107
;:_», 10
z -
;%3)10-7 E774
_ 108
* Twin spectrometer, gas target
* Projects to reach X17 anomaly T T 2
region w/ ~6mo at design luminosity et tess e TS
e MESA first beam ~2023, MAGIX
Start_up "Shortly after" https://magIx.unI-malnz.de/phySICS.php
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Van Dipole Magnet

| Recoil Tracker o
- Minimal Dark Photon
](] T T T | T T 7T T T ¥ T T T T T=

» ; I "HCAL 10-2 BaBai LHCh :
T, ' :
TECEEELELELELELE | 1
LI SiW Forward ECAL 10" »
Tagging | L2
Tracker W Target LDMX Concept ! i
September 2016 () :
* Primarily missing-momentum experiment. : R Lh i
C e e 107" &
* Model-dependent search via invisibles. 2137 . 1018 RO
e Can do displaced vertices, but doesn't 10 l’“_;, T o
expect to reach useful range -- even in high |
integrated luminosity assumption ma (GeV]
 Potentially runs in 2024
arxiv:1807.01730
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« 2020 combined analysis covers
much of original 8Be coupling range

 Remaining space "very challenging”,
requires detector upgrade. Timeline

unclear
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\:‘, ( Reminder: NA48 is pion-based

,,’!} https://doi.org/10.1016/j.physletb.2015.04.068
" and does not apply in X17)

10 !

https://doi.org/10.1103/PhysRevD.101.071101


https://doi.org/10.1016/j.physletb.2015.04.068
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Silicon Vertex
é’ . | meter TraCker 10-10 4 Weeks @ 2.2 GeV
- 4 Weeks @ 4.4 GeV
" 2015 Engineering Run - 1.7 PAC Days
* [racking very close to target+beam 10-11 55 5 - -
A’ mass (GeV)

 Prompt and displaced vertices for SM
decay

e Can't reach <20 MeV without modification.

| ower energy? Haven't seen this proposed
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Small-angle calorimeter
* Veto Bremsstrahlung (hard)
Si pixel detector * Recover 3 photons events acceptance

* Veto Bremsstrahlung (very soft) * Fast (Cherenkov) i nVi S i b I e d e c ay re a c h
= Be it ’ . O : calde
. I;fé: Z:gi' l?rl;xing (TimePIX3) 1] 4 NGtk 1 o.‘ -

Scintillators

* Veto Bremsstrahlung (soft)

* WLS fiber + SiPM

Scintillators (e* side) Main calorimeter 10.5 .
: P It * Very good energy resolution '
= WILS fiber + SiPM ’,,’ y " r = [hgh])- segmcnted
// * Compact
4 * BGO crystals, readout by PMT’s

* Veto Bremsstrahlung (hard)

o Magnetic field
” (dipole)
g * Large gap
e" beam - « Uniformity w

i | === 410"

» Positron beam, missing mass 107 It
teChnique ARREEEHT f f i i3iiif t 38§

Scintilators (e ~ side)
* Beam-induced background rejection
Active target * Detect visible decays: A" < e'e

= 100 um diamond

* Graphitic strips

» Studying visible decays, but 100 3 ,o ,o
requires modification to reach M, (GeV/c?)
X17
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Electron, P = E0/2

...............

Beam

W target

........

* e+e- mass resonance, very low
opening angles

 Plot includes 2020 data and future
proposed settings -- current design
can't reach X17
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* | ots of interest, but difficult region to reach

* On similar time scale, mixed-hadronic (LHCb etc) + pure-leptonic

(DL@ARIEL, MAGIX) would be complementary coverage for broad model-
iIndependence

 Most aggressive reach/schedule from LHCDb, data taking done in 2023

e Opportunity exists if we move quickly!
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