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Physics Refresher

X17 in 4He and 8Be
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Anomalies could be resolved with a new interaction:

Kinetic Mixing couples to SM electric charge

but Generic new force could have flavor-dependent coupling:

Parameterized by coupling (€ ) and mass
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s kinetic mixing model exclusions W|th Belle-ll (and other) projections

I

\ I
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Mixing Strength

10-‘_11111

-102}

u- and d-quark coupling constraints

Ed [
102}

e X17 region can be reached with low beam energy
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Direct Searches and Protophobia

visible w/ leptonic coupling

5th force (*Be)

m 4! [MeV]

* Kinetic mixing disfavored by existing searches via hadronic production of A’
* Flavor-dependent couplings allows ‘protophobic’ solution
* Purely leptonic production key aspect of expanded search for this new particle

102
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onr oot You Are Here

Energy = E

(Borrowed from APEX)

* Radiative production:

e +Ta—e +Ta+A

A et +e

* |rreducible QED background
similar, but no mass peak:

S

+  FOM~ ——
VB

e Want to maximize integrated luminosity
e stop gaining when gquadratic background dominates:
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o X17 12C (https://arxiv.org/abs/2209.10795)
* King Plot SM combined analysis (https://arxiv.org/abs/2111.01429)
e g-2 combined result (https://arxiv.org/abs/2107.02021)
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X17

_ X17 in 4He and 8Be
 ATOMKI group sees anomly in 8Be, 4He,

w100 |
and now 2C too g i e
80 F- E = 900 keV
* Persists in original 5-fold and new 6-fold o H
geometry (but most detector angles are the O l -
S0
same) ol N At
30 s L { ’ {
20 F + _:—_’ﬁ +_'_*_’_0____
» Very incompatible with simple kinetic ol 3
mixing model I e T
" " FIG. 3. Invariant mass distrnibulion derwed for the 20.49 MeV
* would have been seen In pion decay etc G- 3. Insariant
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* Very rarely, p+Li produces very = @
' 8
eXCIted Be State O @ ATOMKI PAIR
« Rarely, 8Be will de-excite through ot T )

o

photon/ internal pair creation (IPC)

* Detect e+e- pairs, construct
spectra, verify against nuclear
model.

dN/db

mM=16.6 MeV

e ...and find an anomaly consistent
with massive particle

Counts, Nee [per 0.5 MeV]

Opening Angle [Deg] Invariant Mass, mee [MeV]

\ : :
q\\\\ Stony Brook Unlver81ty https://arxiv.org/abs/1707.09749
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e Seen in 5- and 6-fold detectors

e Seen in 3 different nuclei

* Could be nuclear effects, maybe
Intermediate state, interference,
anomalous form factor... but no clear
explanation yet.

E, B. Mass Confidence
(MeV) x10~% (MeV/c?)

1.50 1.1(6) 16.81(15) 30

1.70 3.3(7) 16.93(8) 7o

1.88 3.9(7) 17.13(10) 8o

2.10 4.9(21) 17.06(10) 3o

Averages 3.6(3) 17.03(11)
Previous (14] 5.8 16.70(30)
Previous [28] 5.1 16.94(12)
Predicted [30] 3.0
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King Plots

20— F""" "7 """

e \arious ratio | Ref. [30] ; 04| I original only
differences combined, -_ _- all results

plotted as ¢

10+
10 -

o Still prefers new
physics, but newer
results reduce overall
significance at

Ma>1MeV d b

lllllllllllllll

(_x 10°¢
onp/ @

10° +

This work

10-10 L

Ref. [21]
-15 -10 5 0 5
(,x 106 my(keV)

10

\ : :
q\\\\ Stony Brook Unlver81ty https://arxiv.org/abs/2111.01429
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Y. Y Y.
U
Average

. NLO eﬁeCtS In ”Ily Vertex drlve . ' -’_‘J *- A s ’:\." " ‘ ‘_ ;; 175 180 185 190 195 200 205 210 215
‘anomalous' magnetic moment o\ i e 2

e Measured anomalous moment is
anomalously large.

« BSM physics would also appear
here too (and generally have larger
effect than for electron)

q\\\\ Stony Brook University
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IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIlIIIIIII
WP 2020 (DD) ——i Fermilab 21
-251+43 (4.20) + BNL '02-'06
f 0 + 41
o Data-driven calculations suggest DHMZ 2019 (DD) 1
. . . —242 + 43  (4.10)
smaller hadronic contribution to
magnetic anomaly KNT 2019 (OD) ——
o Lattice QCD suggests larger, but WP 2020 (LO)
caveats. Hence not used in PDG
BMW 2021 (LQ) o
average 107558 (150
IIII|IIIIllllllllllllllllllllllllIII|IIII|II

|
-600 -500 400 -300 -200 -100 0 100 200
a

X -11
c—ant [x107]
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mews  Revised g-2 region

107°

(gu — 2)—preferred

 Fermilab+BNL reduces preferred

band somewhat: no longer a
touches X17 N
e Some increase from LQCD would 107 ), [IlucToarel

—— 13@31 1000h
—— 17@31 1000h
—— 17@45 1000h
—— 17055 1000h

move this substantially (or all the
way to zero)

10t 102
mal [MeV]

(from our tdr october 18, 2022 version)
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* Dark-Photon Specific:
« MAGIX - operates 2024+

» LDMX - operates 2024+, closes
from below. data hungry

* Beryllium;

e Montreal - results in 2023

* NA64 - modified to close the gap

* General-Purpose Accelerator: « APEX - probably can't reach
* LHCDb - improved trigger. stats * HPS - probably can't reach
by end of run 3 « PADME - modified to close the gap
 Belle Il - stats in 2025 or later » PRad - modified to close the gap
® ctal

q\\\‘ Stony Brook University
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e protons on 7LiF target, similar to ATOMKI

« MWPC surrounded by scintillators provides 95% solid angle

e 9 X17 per hour, if it matches ATOMKI prediction.

Substantial signal in ~2 weeks
 Data taking in 2023

q\\\\ Stony Brook University
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Montreal MWPC
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..... [ w107 E
............... 107 & S
L e
. i ’T\f\O’}.‘HCb(C’TZ 14 pm) -
» Upgrade for next run allows softer final states to 107 g ‘ =
be recorded - . -
| | ] ] 10—6 Lol 1 Lol ] 1 ||||‘—|'||~ ~ L ool
* 'recent advances' in trigger enable e+e- final states 1072 10-! 1 10 Gev
ey ev |
 Can exhaust parameter space even with
protophobic with sufficient data, (solid blue line, arXiv-2203.07048
2022-2026)
(P. llten paper (arXiv:1801.04847) allows to recast simple
dark photon measurements in more complex models)
\ : :
q\\\\ Stony Brook University
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KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

-caps , inner 2 barrel layers)

— — "
| =

EM Calorimeter 7
Csl(T1), waveform sampling electronics

electrons (7 GeV) g ‘
=~
Vertex Detector &  ~

2 layers Si Pixels (DEPFET) + "ii"'»‘:r .
oVl N
”/ \

4 layers Si double sided strip DSSD ;
R B

f positrons (4 GeV)
’é.::
o ¥

* Direct measurements won't reach down far enough
even with full dataset. arxiv.:2012.04190

» X17-specific search (right) uses displaced vertices
in J/W decay

« ~200fb-1 collected already, but no published result

yet. Full 50ab-1, expected by ~2025 May barely
exhaust X17 region with full lumi.

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Central Drift Chamber

Smaller cell size, long lever arm

q\\\\ Stony Brook University
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Belle-ll

102

103

I
= ~

= //ﬁ
5 ag -2
- ///
L /’/agb
— ////
>&
= ~
= ~
L N
= N\
B \ LHCb
= \ BaBar
E ) KLOE
- 50ab ! - NA64
3 E141
C NA48
- NuCal
| | 1 1| lI | | | | 1 1 | II | | 1 1L 11
—2 101 1
M A’ [GeV]

arxiv.:2203.03280
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10
10°°
; 10°°
.
;§1°'7 E774
=
 Twin spectrometer, gas target @ MESA ’
* Projects to reach X17 anomaly region 10" T 100
w/ ~6mo at design luminosity

Dark Photon Mass m, (MeV/cz)

e MESA first beam ~2024, MAGIX start-
up "shortly after”

https://magix.uni-mainz.de/physics.php
\ https:// www.mesa.uni-mainz.de
q\\\\ Stony Brook University
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Dipole Magnet

Recoil Tracker

H ||

\w

HCAL

i LI siw Forward ECAL

Tagging
Tracker

W Target

LDMXS g,bgoncept

1T %
..."*X

/l

Thin Recoil Electromagnetic
or target tracker

Calorimeter

 LCLS-II (SLAC) produces low-current, parasitic multi-GeV e- beam

e Reconstruct e- and recoll nucleus to detect invisible final states

q\\\\ Stony Brook University
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a Dipole Magnet

Minimal Dark Photon

I I LI I D B B | | | L L L

I

L L iy

|l 10-3 NA48/2 Ba]:Bar i LHCb
e HCA'— ,' : g
UW””“” H 10~ 4 - ’::;QEII:;J::—:::—/—/;/ ””” ; |
— H I siw Forward ECAL pg h----. Belle 112
agging C SRR | -
ot Jo—-—— \(’(‘ / -
dlcieker LDMX Concept 10-5 L ST Q08 o
T . F LDMX Vis. _% " e N e
* Primarily missing-momentum experiment. @ SLAC i ,=2” LHCb A
.. . . 10_6 = ‘ff" =
» Model-dependent search via invisibles. 5,6\({ o =
* Can do displaced vertices, but doesn't expect to reach 0T Ny ..
useful range -- even in high integrated luminosity 102 10~ 1 10°
assumption
. . ma: |GeV
* Potentially starts in 2025, several year run to reach full 1 Al |
e.o.t. shown in plot
arxiv:2203.08192

q\\\\ Stony Brook University
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* e and mu fixed target experiment (SPS)

e 2020 combined analysis covers much of
original 8Be coupling range

( Reminder: NA48 is pion-based

https://doi.org/10.1016/j.physletb.2015.04.068
and does not apply in X17)

 Upgrade of WCAL and magnet makes :
remaining X17 accessible(arxiv:2009.02756) .

102 101

* Visible search planned for 2023 (as of 2022) m 4, GeV

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

q\\\\ Stony Brook University
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1073
Small-angle calorimeter :
. * Veto Bremsstrahlung (hard) | KLOE, 2015
Si pixel detector * Recover 3 photons events acceptance =
* Veto Bremsstrahlung (very soft) * Fast (Cherenkov) g
* Beam monitor / * Good light yield: PbF m =
* Large area, timing (TimePIX3) // ’ > Spln'1
~
Scintillators
- 7
yCLO DIremmnssiraniung of Q _4
* WLS fiber + SiPM Q>0 10
intillators (e side) - Main calorimeter
"\ » ‘ff'rf_ ing (hard) { * Very good energy resolution
* WILS fiber + SiPM y rrr : E!lif]}l];\;;cgln(‘lll(:d E141
Magnetic field * BGO crystals, readout by PMT’s \ORSAY’ KEK
: p (dipole)
* Large gap 107> |
e” beam g " Uniformity 15 16 17 18 19 20
/I Scintilators (e~ side) MX [MeV]
* Beam-induced background rejection .
Active target * Detect visible decays: A" < e*e '
= 100 um diamond . :
* Graphitic strips | : KLOE, 2015
10°- B IBE
- >
] n ] ] ’ O
B Z |
e Positron beam, missing mass techniqgue (DAD®NE) spin-0
I =
Vi) ~

 New ETag detector to separate e*/y

g [GEV]

 Run 3 (2022-) dedicated to X17: scan across mass range

10bue) Lix

* "few weeks" of data to cover remaining vector X17 | -~

space, if systematics favorable. 12 | Lepton coupiings ony._ | |
15 16 17 18 19 20

q\\\\ Stony Brook University Mx [MeV
21 arxiv.:2209.09261
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PRad

GEM GEM
plane 1 plane 2 _4
?:tfr;?table ?: tF?gzic??aFr);]F:; chamber 1 O
Halo blockers A bellows bellows i 5
S o 107
Tagger 10"6_
PADME
107" ¢
W
. 107
 Detect full e-e-e+ in fixed target e- (JLab) | L)
10_9'_ This Propos i
- : Updated 3
* Add y-tagger, um Ta targets, GEM tracker planes (Updateg) iGraphs -
 Projection of 50 coverage with 60 day run 10-198 :
i Orsay/E137/CHARM/U70 Pre_2021
* Approved for 60 days, PACS50 10-11 I > . |
o 105 102 10 1
[
‘ Timeline unclear Ma [GeV]
q\\\\ Stony Brook University
22 arxiv.:2108.13276
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 Anomalies persist, and a conclusive explanation does not yet exist.
 Many experiments are retooling to reach this region in the near future.

* In some cases, these will provide complementary coverage with
DL@ARIEL

 "This [area] is exciting and timely. The measurement/search is needed, and
it will receive significant attention if completed before their competitors.”

q\\\‘ Stony Brook University
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Beam

NN NN
W target NNNNNNN .

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

e Plot includes 2020 data and future
proposed settings -- current design
can't reach X17

q\\\‘ Stony Brook University
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1074,

103

107°

10~7

10°%

1079

Silicon Vertex

Tracker

~| meter 10-10 4 Weeks @ 2.2 GeV

— 4 Weeks @ 4.4 GeV

2015 Engineering Run - 1.7 PAC Days

* Tracking very close to target+beam 10-11 b o - a8

A’ mass (GeV)

 Prompt and displaced vertices for SM
decay

e Can't reach <20 MeV without modification.

 Lower energy? Haven't seen this proposed

40 60 80 100 120 140 160 180 200
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