NAG64 project: «Search for the dark sectors in

missing energy events»
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\ﬂ JINR participation in the NA64 project
Collaboration: Univ. of Bonn (Bonn), JINR(Dubna), INFN (Genova), LPI, INR, SINP
MSU (Moscow), IHEP (Protvino), TPU(Tomsk), SAPHIR(Chile), IFIC(Valencia),
ETH(Zurich)

VBLHEP: G.Kekelidze, V.Kramarenko, V.Lysan, I. Zhukov, T.Enik, K.Salamatin,
[.Kambar, P.Volkov, D.Peshekhonov, E.Kasianova, S.Gertsenberger, A.Ivanov

BLTP: V.A.Matveev, A.Zhevlakov

DLNP: V.Frolov

FTE:
Detector operation & support - 3,0;
Analysis and MC simulation - 3,0;
Theory - 0,5

Management and support
V.A.Matveev - JINR team leader
D.Peshekhonov - JINR team co-leader

K.Salamatin — experiment DAQ experts
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\;7& NA64 experiment in brief
= Proposed as P3481in 2014
* Feasibility run in 2015
= Approvedin March 2016.
= Proposal to run with M2 muon beam (NA64u) in 2019.
* Runs taken
2016 — 5 weeks at H4 (NA64e) ~4,5x10%¢ot,
2017 — 5 weeks at H4 (NA64e) ~5,5x10'%ot,
2018 — 6 weeks at H4 (NA64e) ~2,0x10'eot,
2017-18 in visible mode ~ 8,4x10%¢ot,
2021 - 5 weeks at H4 (NA64e) ~ 5,2x101%ot,
2022 —-10weeks at H4 (NA64e) ~ 6,4x10!eot,
et ~5,0x101%o0t
Total accumulated ~10'%eot, analyzed ~3,4x10eot
2021 — 3 weeks pilot-run at M2 (NA64u)
2022 — 3 weeks pilot-run at M2 (NA64u)

Total accumulated ~4x10'°uot

2023 — 8 weeks NA64e & 3weeks NA64p



\/\ Dark Sector the vector portal

Dark ,
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DARK SECTOR (DS) charged under a new U(1)' gauge symmetry and interacts with SM
through kinetic mixing (¢) of a MASSIVE VECTOR MEDIATOR (A") with our photon.

Dark matter with mass (my), part of DS.
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In this framework DM can be produced thermally in the early Universe
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Dark Matter (y,m,) parameter space

From https://arxiv.org/pdf/1707.04591.pdf

Thermal and Asymmetric Targets at Accelerators
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ENERGY DEPOSITED IN THE HCAL
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ENERGY DEPOSITED IN THE ECAL

NA64 approach
5
X
Reconstruction of the Electromagnetic MU2
incoming calorimeter (active target) ,, "}

Hadronic calorimeter

* Regionl: e-Z — e-Zy; y — ytu-
— benchmark for MC

*Region ll: SM events
EecaL+ ExcaL = 100 GeV

*Region lll —> pile-up events
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ELECTROMAGNETIC
CALORIMETER (ECAL)

NA64 approach

Requested ECAL ENERGY < 50 GeV
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A’— MISSING ENERGY:
ECAL <50 GeV
HCAL < 2 GeV
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Muon (g-2): additional motivation to search for A’
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\(A\ NAG64 invisible mode current status
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Current status of NA64 experiment 90% C.L. exclusion limits on A’ invisible decays including
both the Bremsstrahlung and the resonant A’ production channeks (left), LDM searches (right)



NA64 ALP search

Closing the gap between beam

~dump and colliders
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\ﬂ NA64 semivisible mode

SEMIVISIBLE DECAY MODE
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VISIBLE DECAY MODE ™ < 2mx NA64 visible mode

SM MU4
Addition of "B A

MU2

W calorimeter M1 HCALS

v3 HCAL2
HCAL1

ECAL

e, 100 GeVv

Zooming

WCAL: 30-40 Xo
Sandwich W-Sc

Signature:

V2 T3 1) EwcaL+EecaL = 100 GeV
S2 2) No activity in V23 and
HCAL
3) Signal in S3, S4
WCAL

4) e-m shower in ECAL
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<", NAG64 in muon mode (approved & started in 2021)

HCAL Signature:
0 WSt oA MS2 = ?1)gTagged 160 GeV
r ' incoming muon
2) Scattered muon
with <80 GeV
TRIGGER = §,X §, X VX §, X §, - 3) No activity in HCAL

BMS1

~80m

CERN SPS M2 160 GeV muon beam offers unique opportunities to further

searches for DS of particles predominantly weakly-coupled to 2nd second and

possibly 319 generations of the SM. .  https://arxiv.org/abs/2003.07257
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Search for Dark photons complementary to NA64e in mass region ma > 0.1 GeV

NA64 in muon mode LDM search
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JINR in NA64

muon setup

JINR group activities in 2020-2022

- 12 double layer 6mm straw tube chambers with 200x200 mm? (used for electron & muon
setups); 7 doublelayer 6mm straw chambers with a size 1200x600 mm? (used for u setup);

full support of the DAQ, straw chamber online-monitor;
active participation in theoretical investigations, M-C simulation, data taking and analysis
2 PhDs in progress

JINR Encouraging Prizes in 2020, 6 conference reports, papers in PEPAN Letters & JINR
news



Financial request

Schedule proposal and resources required for the implementation
of the Project / Sub-project of the LRIP

Cost,
distributi
Cost (thousands istribution by year
Names of costs, resources, of dollars)
sources of funding resource Tt Jnd 3rd Zh 5t
requirements
year | year | year | year | year

International cooperation (IC) 70+35 | 70+35 | 40+35
Materials 15 15 15
Equ1pmeqt ar'1d third-party services 20 20 20
(commissioning)
Commissioning work
Services of research organisations 10 10 10




\;/ Outlook & conclusions
A

NAG64 just reached a major milestone of accumulating ~ 1012 EOT which allows one to start probing
very interesting LDM benchmark models. The analysis is ongoing and with the increased statistics we
expect to improve the sensitivity also of our searches for ALPs, Lu-Lt and B-L Z' bosons, inelastic
DM and generic X bosons. The plan until LS3 is to accumulate as many as possible electrons on target
(up to 5 10'?) and also use the positron mode to enhance the sensitivity in the higher A’ mass region.

NAG64 also started its program at the M2 beam-line providing unique high intensity 160 GeV muons to
explore dark sectors weakly coupled to muons. The results of the pilot runs show that with an
optimized setup, one could collect > 10! MOT before LS3 in order to check if an Lu-Lt Z’ boson is
the explanation of the g-2 muon anomaly and complement the searches with electrons. After LS3 the
experiment would then continue data taking to accumulate ~ 103 MOT to explore the A’ higher mass
region and p — tand p — e LFV processes.

In the 2022 beam-time, we also accumulated ~ 2 x 107 pions on target in order to understand the
potential of NA64 to explore dark sectors coupled predominantly to quarks using the missing energy
technique. This will be further investigated and, if the feasibility would be demonstrated, a dedicated
search will be performed after LS3.

To conclude the exploration of the NA64 physics potential has just begun. Our proposed searches with
leptonic and hadronic beams provide unique sensitivities highly complementary to similar projects.



VA Dark sector is very interesting candidate for D M.
N NAG64 approachis very powerful

y rare processes: & precision frontier: energy frontier: high-energy colliders
B-factories, fixed target experiments
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NAG64 future prospects

y lated electrons on target is required to be around n.,~ 5x10'2 eot before LS3
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A‘y- Future prospects: NA64, physics goals "
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3. Scalar, ALPs coupled to the muon, millicharged particles, .... 'B;B, A =
4. Lepton Flavour Violation in pZ -> TZ conversion in flight. j
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