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1974: Brookhaven & SLAC

Beyond the Standard Model

Dark Matter
26%

e Dark Matter: Massive + 7?77 Dar%g{;@rgy

e Dark Energy: 77?7

e Large parameter space even for
simple models

e Evidence at smaller scales?
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Anomalies as Lampposts

 May see hints of connection between Dark Matter and
SM at lower energy
e ...0r other BSM physics

 Anomalies in particle, nuclear, and atomic physics:

Muon g-2 Discrepancy X17 in 4He and 8Be .. Nonlinearities in Atomic Isotope Shifts
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arxiv:2104.03281
PRL.126.141801 (2021)
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https://arxiv.org/abs/2104.03281

Muon g-2 Anomaly

Earlier uncertaintly in
Hadronic Light-by-Light
calculations now well
constrained

Consensus 'SM' point
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New particle would add
new QED-like term
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Beryllium Anomaly

* Multiple narrow,
high-E states --
excellent place to
search for new
MeV-scale physics

* p-beam produces
8Be*, de-excitation
through e+e-
recorded in 5-tfold
spectrometer set
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3" 0" 1924 227
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(graphics from arxiv:1707.09749)
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Beryllium Anomaly

m=15.6 MeV
6;,/0) m=16.6 MeV
m=17.6 MeV

dN/dB 3

m=16.6 MeV

Counts, Nee [per 0.5 MeV]

10 °}

o g;éﬁri; :ro\g;; Elsjoeg(; - Invariant Mass, mee [MeV]
« Anomaly appears in mass and angular spectra
 No clear SM interpretation:

* Intermediate poles in nuclear propagator?

e interaction of LO-NLO interference effects with detector
acceptance?

 Anomalous nuclear form factor?
(graphics from arxiv:1707.09749)
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S

 ATOMKI group re-
measured in 2019 with
improved 6-fold detector,
also consistent peak in
“He™ decay

* No independent/similar
measurements vyet, but
some interest (Montreal?)
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https://doi.org/10.1051/epjconf/202023204005

Beryllium Anomaly

T:

*Hip.e'e) ' He

E,= 900 keV

——

*.

+ -

. 1—{’1_1_’”‘%‘ 4#4_{ -

—_-

——

A Lol P el L P |
10 11 12 13 14 15 16 17 18 19

Invariant mass ( McV/cz)

arxiv:1910.10459

Apr 22, 2021

TRIUMF PP-EEC S2134

8



|sotope Shift Anomaly

* King Plot: super-ratios of isotope transition frequencies should be
inear

* Nonlinearities can be interpreted as new electron-neutron
iInteractions
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A New Interaction?

e Simplest coupling via Kinetic Mixing:

—) _[MF

/
2 HY

kinetic mixing model exclusions with Belle-ll (and other) projections

~

« Parameterized by one | i
coupling and mass P e

* Disfavored for X17 and : \ i
g-2 areas of interest 10° ERRPIR

e Hadronic (#°) probes
strongest constraint
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Protophobia”

* (Generalized new force coulo L 3
have flavor-dependent coupling: X (Zfeeffvuf)

* Moderately protophobic coupling combinations evades
existing particle constraints, would generate an IS nonlinearity

u- and d-quark coupling constraints 10-3 visible w/ leptonic coupling
N N T

Ed ARNAAN\\W
- \\\

102p, N

10-6

B 5th force (®Be)
1077

[ NN
'102._\
mx = 17 MeV

10-8

10! 102
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arXiv:1604.07411

* |ep/en| < 8% -- similar scale as for Z0
Purely leptonic production provides an efficient way to probe
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Searching at an e- Accelerator

[

mA) (narrow)

Energy = F

(Borrowed from APEX)

 Radiative production:
e —+ Ta — e -+ Ta —I—A/ A /(Llﬁ A/Z‘Jﬁ

p p

* [rreducible QED background

similar, but no mass peak:

* Spectrometer pair: i % é

detect e+e- In coincidence

o FOMNi

VB
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Combinatoric Background

* Limited acceptance: singles
et rate >> ete- pair rate
mm) clastic e from same
bunch acts as missing

partner! -+

—/, . D
S~ L S

FOM ~ ——
B ~ [? vB

Irreducible QED  Singles e* Singles e- Random coin.

« At high L, FOM scales with

9.1 Hz 30.2kHz 3.6 MHZz 168 Hz
wall clock. not L

* Optimize by moving e~ arm
to larger angle
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Proposed DeS|gn

* 1 um Tantalum foil target

* Adjustable twin-arm
spectrometer

* Asymmetric angles and
fields to optimize S//B of
e+te-against
combinatorics

* Final optimization still
being studied

* Likely 'stage O' placement
near High-Power Beam
Jump.
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larget Detalls

e 1 um Ta foll

* ~0.5% beam spread from scattering

* Calculated heating of target is 4W
ng should be suffici

 Radiative cooli
e Spin target dis

K -- additional stabi

ent
ty, spreads heat

* |nterlock with accelerator to protect beamline
* Pass-through configuration of target possible

Apr 22, 2021
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Spectrometers and Resolution

e Two single-dipole
spectrometers

o Elastic line in acceptance

e 2/3 Triple-GEM detectors +
Scintillators on each arm:

e [Layer O: Momentum, in-

plane angle
o Layer 1: Out-of-plane angle
« MC sim with MS effects in In-place acc.

target and detectors, Out-of-plane acc. +9°

- - Momentum acc. +20 %
magnetic oplics :

_ Min. central angle 16°

reconstruction . Max. central mom. 28 MeV
=P mass resolution 120keV Field strength 032 T

@ 31 MeV beam Nom. bend radius 30 cm
Pole gap 4 cm
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Focal Plane Detectors
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. 25x4OCm riple-GEM detector planes (mo
design) built through NSF MRI grant

 Readout via APV and MPD4
e Already built by Hampton group and in use
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Trigger

* [riggered via segmented
scintillator hodoscope

* Needs timing resolution
< 500 ps

e Achieved at MUSE:
e 2 mm thick scintillator,

SIPM readOUt 130§ar><iv:2007.12207 BH Plane A
o ReSOluthn < 100 pS ~ 1102 —RequiredResqutioné
* Jested up to 8mm wide, f I, I ' :
15 cm long. of 1 p ! y E 111y
7oi E E

2 4 6 8 10 12 14 16
BH Plane A Paddle Number
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Simulated Signal and Analysis

8 x 108 | |

Background —_— e,
Slgnal with €2 =1073% —— /
7 x 109 Total signal ] -

6 x 10 | ‘ -
5x 10% | -
4x10° | . |

3 x 108 -

Counts per 25 keV bin in 1000h

2% 105 |- .

1x10° j\ ~
0 | | | | | | |

8 9 10 11 12 13 14 15 16
ma [MeV]

* Combinatoric background smooth, estimated from mixed events
* |rreducible background smooth, calculated

e Signal significantly narrower

* Narrow, sliding fit region to seek excess
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Projected Reach

(g — 2)-preferred

8 10 12 14 16 18 20

* Showing limits with existing as well as upgraded ARIEL
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Timeline

» Stage 0O: Existing ARIEL Design
e GEMs+electronics can be commissioned and available

within 9-12 mo.

* Final design+construction of magnets possible in same
time frame (similar design used in DarkLight 1B)

e Can begin commissioning at TRIUMF in 2022, ~12 mo
after funding becomes available

e Stage 1: Recircu
possibly needed

ation to reach 50 MeV beam, chicane
0 separate 1st and 2nd pass beams

through DarkLigh

 target

e Stage 2: Additional cryo module added, DarkLight moved to
allow simultaneous 50 MeV operation with ARIEL

Apr 22, 2021
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Beamtime Reqguest

e 2300 hours starting in 2022:

* 1000h @ 31 MeV, 150 uA at 13 MeV spectrometer
setting

« 1000h @ 31 MeV, 150 uA at 17 MeV spectrometer
setting

* 300h for background studies and commissioning
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summary

* Several anomalies
(including new g-2) are ;-
compatible with low-
mass, nearly-
orotophobic force

* Purely leptonic (107 ‘\\‘

production key aspect
of expanded search

* Mixed-hadronic (LHCb
etc) + pure-leptonic PRSI S
(this proposal) provide mat [MeV]
complementary
coverage of X17 region

(g — 2)-preferred

5th force (°Be)

* g-2 preferred band does not include FNAL result
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Other Accelerator Experiments

LHCDb - stats by ~2023, hadronic suppression in [ow-
mass search

Belle Il - stats in 2025 or later

LDMX - no timeline. data hungry

\

Ab4 - probably can't close the gap. data hungry

PS - can't reach

PADME - very preliminary proposal to look for visible
decays, no timeline

e MAGIX - 2023+
e APEX - can't reach
 Mu3e - initial timeline delayed.
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| HCDb

* Run3 upgrades, expect dataset by 2023
 probes mx=100 MeV via D%* decay

e put additional model dependence

107° —r—rrrrr —— -
A '| | MAMI %
10-F\ | :
E774 [.H(Zb it prompt
107 . E
10°* : £
n )¢ (2S8)  Y(nS)
2
1077
10—“]
HCb pyt post—-module
= LHCb py assumes 15 fb~!
107" % LHCb D* assumes 15 fb-!
' Charm, Nu—Cal, E137, LSND K
10775005 001 002 005 01 02 05 1 2 5 10 20 50 -
muy [GCV] -
arxiv:1603.08926
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8Be Apparatus

gl
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Figure 1. Comparison between the old and new setups. The pre-
vious setup (a) used 5 telescopes, each with a MWPC to gather
the position of the particles and a thin scintillator in front of the
main one to differentiate electrons and positrons from gammas.
The new setup (b) consisted of 6 telescopes, and the MWPCs was
replaced by DSSDs, which can be used for the particle identifi-
cation, removing the need for the thin scintillators.

https://doi.org/10.1051/epjconf/202023204005
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Additional Intermediate State”

1

L
Bt Kaﬁ ( 3ﬂ — qz) Kaﬁ

K2g — (k2 + k%)
2k k4

* Angular
correlations natural ® =arccos[
for Intermediate

noles In the g w0
oropagator 3 s . 3
170 &) e = N
PR : EA -
* Not clear if thiscan - )
also match the <

observed mass
resonances R
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Fig. 1 The cp dependence (where p is momentum of the elec-
tron/positron) of © (given by (2)) of the expected peak in the coincident
€ ¢” pair counting rate in the case of an E2 transition of transition
energy heKay = 5.572 MeV of ® Be. cp is measured in MeV units and
() 15 given in degrees

arxiv:2005.10643
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L O+NLO Inteference

* Small charge sign i = (Mol + 2R [MioMs0l) @
asymmetry in

interference term ”3{ 1
* Interaction of e
_O+NLO assymetry

with 5-fold detector I
acceptance can
produce similar

resonanclzes . ATrgg’(';i:; . -

* Unclear if consistent = . ™%
approach can match | _ N
new detector, 4He - —-— T
result

arxiv:2102.01127
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Anomalous 8Be Form Factor?

e Careful treatment of
multipole
interferences

800

e [ntroduction of form <00l

factor to M1 transition % E
» Good fit to mass 5 o0 :

e b =

peak, but difficultto = 5

match angular - Y, 0

correlation 0 N

. 8 10 12 14 16 18 40 60 80 100 120 140 160

e Resulting FF has M (MeW) 6.

length scale O(10) fm
-- much larger than

charge radius
arxiv:1703.04588
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