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Observation of Anomalous Internal Pair creation in éBe:
A Possible Indication of a Light Neutral Boson

Evidence for a Protophobic Fifth Force from *Be Nuclear Transitions
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Has a Hungarian physics lab found a fifth force of nature?
Radinactive decay anomaly could imply a new fundamantal force, theorists say.

Extwin Cartlidge

25 May 2018

AT e

Physicists al the Instituie Tor Mucles Resaarch in Debrecen, Hungary, say this apparatus — an ekaclon
posinon spectromatar = has found avidence for a new pariicla

Print

A laboratory experiment in Hungary has spotied an anomaly in radioactve decay that could be the signature of a praviously unknown fifth fendarmental

foroe of nafure, physicsts say = i the finding bolds up

Attila Kraszrnahorkay af the Hungarian Academy of soenoes s Instinde for Nuclear Research in Debrecen, Hungary, and his oolleagues reported their

surprising rosuf in 2015 on the arkiv praprint sarver, and this January in the journal Physical Review Letiers’. But the report — which posited the

existence of a naw, light boson only 34 fimes heavier than theo aleciron - was [argely overlocked

Than, on 25 April, a growg of UG theoretical physicists brought the finding be wider atiention by publshing is own analyss of
tha result on arive . The theorists showed that the data didnt conflict with any previous experimants — and concluded that it
could be evidence for a fifth fundamentat force. “We brought it out from refative ohecurity,” says Jonathan Feng, at the
University of California, Irvine, the lead author of the arXv report.

Four days later, iwo of Feng's colleagues discussed the fimding at 8 workshop af the SLAC Nabonal Accelerator Laboratory in
Menlo Park, Caldornia. Researchers there were sceptical but excited about the ides, says Bogdan Wojtsekhowskl, 8 physicst
gt the Thomas Jefferson Mational Accelerator Faciity m Mewport Mews. Wirginia, “Many participanis in the workshop are

X17 boson Kra@ﬁ'H‘&H‘ﬁF%’?’*"* WayS 1o chesd 11" he 2ays. Groups in Eurepe and (he Unaed Stalas say hat they should be ablé 1o

Phys. Rev. Lett. 117, 071803

confirm or rebad the Hungarian experimantal results within abowd a year
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The creation and decay of éBe*
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Proton decay: B(p + “Li) = 100%
* y-decay: B(®Be +y) = 1.5 x 10
Internal pair creation: B(Be + e* e’) = 5.5 x 10

Ejection of a new particle: B(®3Be + X) = 5.5 x 10°1¢
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Study the 8Be M1 transitions

Excitation with the
’Li(p,y)®Be reaction
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v-ray spectrum measured with a 100% HpGe
detector
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Study the 8Be M1 transitions
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Excitation with the
’Li(p,y)®Be reaction
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Geometrical arrangement of the scintillator
telescopes (NIM, A808 (2016) 21)




Results

e* - e sum energy spectra and angular correlations
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* Can it be some artificial effect caused by y-rays?
* Can it be some nuclear physics effect?
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How can we understand the peak like deviation? Fitting
the angular correlations
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Repeating the experiments at a new Medium-
Current Tandetron Accelerator in Atomki
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Main specifications:

* TVripple: 25 Vgys TV
stability: 200 V (GVM), 30
V (SLITS)

* Beam current capability
at 2 MV: 200 pA proton,
40 pA He



The new e*e” pair spectrometer with six
telescopes equipped with Si DSSD’s

2017/09/22




Background from cosmic rays in the setups
with 5 and 6 telescopes
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Efficiency curves for the setups with 5 and 6 telescopes

5 telescopes
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The results of the present experiment can be considered independent from the one we published in PRL in 2016.
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Recent (preliminary) results for the 18.15 MeV
transition
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Study of the 21 MeV MO transition in *He excited

. by °’H+p, and *He+n reactions
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y-ray production with direct proton capture.
The main source of background produced by
external pair creation on the backing of the
target and on the other surrounding
materials. GEANT simulations.
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[ —
Results for the e*e- decay measured in Debrecen
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Details of the fit performed by RooFit
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| Invariant mass distribution

100 Gated invariant mass
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Study the yy-decay of X(17) in “He

* Vector particle (1+) or axialvector (0-)? If axialvector than it can decay by
vy emission.

« yy-decay only known in a special case: 0* — 0* (°°Zr, 4°Ca, °0) “He
» J. Schirmer et al., PRL 63, 1897 (1984)
* J. Kramp et al., NPA 474, 412 (1987)

* Walz, N. Pietrala et al., Competitive Double-Gamma
(Decay Nature 526, 406 (2015)

2

mx
O)=1-
cos(0) 2E.E,

Study the angular correlation with state of the art 3”x3” LaBr; detectors!

X17 boson Krasznahorkay
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Promising outlook

J£112h Resolution Magnetic.-Spectrometer

Design driven by energy and
angular resolution, particle
ID, equipment availability and
expertise

S1 strip cker —g

plastic scintillator=

HPGe calorimeter '
Helmholtz coil —_ ////

X17 boso Krasznahorkay




A NEW EXPERIMENT SEARCHING FOR DARK MATTER AT
CERN ...

'\/;’ The Dark Sector Experiment
| A N NA64 Analysis Note

The *Be excess and search for the X — eTe™ decay of a

new light boson with NA64 NA64-17-02-v2
March 20, 2017

S.V. Donskov, S.N. Gninenko, M.M. Kirsanov, D.V. Kirpichnkov

7 boson Krasznahorkay 21
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https://www.youtube.com/watch?v=J1P5r3IvVrM
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Search for a new X (16.7) boson and dark photons in the NA64 experiment at CERN 10
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We report the first results on a direct search for a new 16.7 MeV boson (X) which could explain the FIG. 3: The 90% C.L. exclusion areas in the (mx;e€) plane
anomalous excess of e*e™ pairs observed in the excited *Be* nucleus decays. Due to its coupling to from the NAG4 experiment (blue area). For the mass of
electrons, the X could be produced in the bremsstrahlung reaction e~ Z — e~ ZX by a 100 GeV e~ 16.7 MeV, the X — e coupling region excluded by NA64 is
beam incident on an active target in the NAG4 experiment at the CERN 5PS and observed through 1.3 x lﬂ_q.{ €e < 4.2 x 10~%, The full allowed range of ¢, ex-
the subsequent decay into a eTe™ pair. With 5.4x10'° electrons on target no evidence for such decays plaining the ERe* anomaly, 2.0 x 10~ < < ldx 10-3 Elﬂn

- imits BN ing i = —4 ! : S
was found, allowing to set first limits on the X —e™ coupling in the range 1.3x 107" < e, < 4.2x10 is also shown (red area). The constraints on the ng € from

excluding part of the allowed parameter space. We also set new bounds on the mixing strength of i : z y
photons with dark photons (A") from non-observation of the decay A" — et e of the bremsstrahlung :-IIEE; lénﬁﬁn;fl{%?;i}{%? ;?iﬂl;mﬁ}g .a:inas iLfi} E'm%é

A’ with a mass < 23 MeV.
electron anomalous magnetic moment (g — 2). [G7] are also

PACS numbers: 14.80.-j, 12.60.-i, 13.20.-v, 13.35.Hb shown.



Resonant production of X17 in positron beam

dump experiments
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Figure 2. The number of DP decaying outside the dump as
a function of the beam energy for € = 107", The vertical
line corresponds to the energy for resonant production of a
17MeV DP. A dump length zp = 10cm and a background
free measurement have been assumed.

X17 boson Krasznahorkay

PADME
experiment
in Frascati

It is running
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ForwArd Search ExpeRiment (FASER) at the LHC

SP5

FASER can discover
=  ALPs with masses

Point 1

T m,~10-400 MeV
A1E8 I' T

AT wapy UALLA | ..l-l_'g. '-l:ul-'l RE

h‘r—ﬁ-;{ﬁaﬁ .I'. HEIT EXp. Starts at 2023.
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A few other planned experiments to study X(17)

* Mu3e is a particle physics * VEPP-3 is planned experiment
experiment at the Paul in Vladivostok, Russia. They are
Scherrer Institute, searching planning to use intense
for decays of anti-muons (Mu) positron beams.

to an electron and two

positrons (3e). * DarkLight is an experiment at

the JLAB in USA using
electron—proton collisions.



L Conclusion

* The 8Be anomaly has been reproduced with an independent spectrometer.

* The effect can not be explained within nuclear physics.
* The anomaly can be successfully described by a new particle called X17.

* The effect of X17 was observed also in *He in a 20.6 MeV 0" = 0" transition
at a correspondingly smaller angle. The significance of the peak is 7.6 o.

* We are planning to study the yy-decay of X17 to determine their spin.
* Promising outlook.
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To 8Be continued...

Thank pou bery much for your
attention



Backup slides



Searching for new particles created in nuclear
transitions has a very long history...

 The axion particle was proposed by Weinberg and by Wilczek as one
mechanism for preserving CP invariance of strong interactions in the presence
of instantons almost 40 years ago.

 The search for axions in nuclear transitions culminated in 1982.

* It turned out that nuclear transitions provide a useful laboratory to search for
light particles which couple to quarks and/or gluons. The spin and parity of a
particle emitted in nuclear decay can be constrained by an appropriate choice
of the nuclear transition.

* The atomic nucleus can be considered as a femto-laboratory including
probably all of the interactions in Nature. A real discovery machine like
LHC, but at low energy.



Introduction of

(J. Feng et al.P

" the protophobic fifth force

RL 117, 071803, (2016))

| 1L 5 o o i
L= — XXM + §mi- X, X — X",
'Ep — 2511 €4
; ] ] B(®*Be* — ®Be X) , ox | - et
£, = Eu+22,4 Branchingratio:  BEBe 5 Bes) — rT ) E ®O0x 10
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Promising Outlook

IBC:
o verify ®Be Se
e B: 19.3 MeV
o ¥Be: 17.79 MeV 107

More Exp:

L

@ TUNL (HIGS facility ~ Nuc)

1

TREK@JPARC: K Decays
SHIP 10 *
SeaQuest (Gardner & Holt)
VdG UK

I B 1 1s
L L L 11

I
1

BESIII (arXiv:1607.03970)

1
1

Prob UV
@ ATLAS, CMS

10 SL 1 1 1 [ I .
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The experimental setup in Debrecen including
both the e*e” and the v—ray spectrometers
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The 3He(n,yy)*He experiment in Garching with
the FRM Il High Flux Reactor (101° cold n/cm?2)

Coincidence y-ray spectrometer with twelve 3”x3” LaBr3 detectors. The pressurized (2 bar) 3He target located in
The angle between the detectors is 30 degree, anc; the detector elain the middle of the spectrometer, and,the active

boson Krasznahorka

Is perpendicular to the beam. cosmic-ray shield (above).
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The first motivation to search for the dark matter

e Study of the rotational curves
e Dark matter should be introduced
* Modified Newtonian Dynamics ?

e At (kpe)

Andromeda galaxies
Mass: 370 milliard M

Distance: 2.5 million Light year

M33 rotation curve

In grammar school we learned
that the movements of planets
around the Sun can be
interpreted precisely with the
Newton's laws

Census in the Universe
Stars and galaxies: 0.5 %
Visible matter: 5 %
Dark matter: = 30 %
Dark energy: = 65 %

Gravitational
lensing

Dark galaxies ' " X17*bbson Kraszr@ﬁorkay :



https://hu.wikipedia.org/wiki/Napt%C3%B6meg

What do we know and what we do not
about the dark matter?

* WWe observe its gravitational effect on the visible stars. Their contribution to
the mass of the Universe is huge (95%)

* We are searching diligently for the associated particles with more and more
sensitive detectors.

« What particle (s) are they consist of?
« What (new) interactions affect these particles?

* Very recently, a distant galaxy that appears completely devoid of dark matter has
baffled astronomers: P. van Dokkum et al., Nature volume 555, 629 (29 March
2018). The general validity of Modified Newtonian Dynamics as an alternative to
dark matter is now disproved, thus further supporting the idea of dark matter.



Searching from the basement to the attic
already for 30 years, every corner with
tremendous strength ...

» With state-of-the-art underground detectors,

with high-sensitivity spectrometers built in space



In the early years, as an example, the investi-
illsmki. Tandetron gation of nuclear decay led to an indirect proof
of the existence of the neutrino. Recently, this
achievement was the basis for an award from
the European Physical Society (EPS), which
designated MTA Atomki as one of the Historic
Sites in Europe.
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Can nuclear physics explain the anomaly observed in the internal pair @rmmm
production in the Beryllium-8 nucleus?

Xilin Zhang *, Gerald A. Miller
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ARTICLE INMNFO ABSTRACT

Articie history: Recently the experimentalists in Krasznahorkay (2016) [1] announced observing an unexpected enhance-
Received 25 March 2017 ment of the e¥—¢~ pair production signal in one of the ®Be nuclear transitions. The subsequent studies
Received i revised form 7 August 2017 have been focused on possible explanations based on introducing new types of particle. In this work, we
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improve the nuclear physics medeling of the reaction by studying the pair emission anisotropy and the
interferences between different multipoles in an effective field theory inspired framework, and exam-
ine their possible relevance to the anomaly. The connection between the previously measured on-shell
photon production and the pair production in the same nuclear transitions is established. These im-
provements, absent in the onginal experimental analysis, should be included in exfracting new particle’s
properties from the experiment of this type. However, the improvements can not éxplain the anomaly.
We then explore the nuclear transition form factor as a possible origin of the anomaly, and find the re-
quired form factor o be unrealistic for the ®Be nucleus. The reduction of the anomaly’s significance by
simply rescaling our predicted event count is also investigated.

D 2017 The Authors. Published by Elsevier BV. This is an open access article under the CC BY license
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PHYSICAL REVIEW D 95, 115024 (2017)
Light axial vector bosons, nuclear transitions, and the *Be anomaly

Jonathan Kozaczuk,'*" David E. Morrissey,™ and S.R. Stroberg™"*
'Amherst Center for Fundamental Interactions, Depariment of Physics,
University of Massachusetts, Amherst, Massachusetis 01003, USA
“TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada
‘Reed College, 3203 SE Woodstock Bivd, Portland, Oregon 97202, USA
(Received 18 January 2017 published 22 June 2017)

New hidden particles could potentally be emitted and discovered 1n rare nuclear transitions. In this
work, we mvestigate the production of hidden vector bosons with pnimarily axial couplings to light quarks
in nuclear transitions, and we apply our results to the recent anomaly seen in *Be decays. The relevant
matrix elements for ®Be*(17) — ®Be(0%) transitions are calculated using ab initio methods with
internucleon forces derived from chiral effective field theory and the in-medium similarity renormalization

ikl mif it = Mt

free ultraviolet-complete theory that is consistent with current experimental data.

More generally, we also find that the Atomki measurements of the 8Be system
can provide the most sensitive model-independent probe of the interactions of
a light vector with quarks. This motivates future searches for light vector
bosons and other particles in rare nuclear transitions.
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A viable QCD axion in the MeV mass range

Daniele S.M. Alves!%3:* and Neal Weiner!:f

ICenter for Cosmology and Particle Physics.
Department of Physics, New York University, New York, NY 10003
“Department of Physics, Princeton University, Princeton, NJ 08544
Y Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
(Dated: October 12, 2017)

Most recently, the ATOMKI collaboration [102] has measured several ®Be nuclear transi-
tions via emission of ete™ pairs. The two relevant transitions for our discussion are the M1
de-excitations of the JF = 1% isospin doublet states, namely, *Be*(17.64) and ®*Be*(18.15),

to the J¥ = 0% isospin singlet ground state, *Be(0):

*Be*(17.64) — °Be(0) , AE=17.64MeV , AT =1, (5.36)
8Be*(18.15) — ®Be(0) , AE=18.15MeV , AT =0. (5.37)

The ATOMKI collaboration claimed a deviation in the e*e™ spectrum of the
®Be*(18.15) — ®Be(0) transition relative to the SM prediction of internal pair conversion
(v* — e*e™). According to [102], this deviation was consistent with the on-shell emission of
a narrow resonance X of mass mx = (16.6+0.9) MeV promptly decaying to e*e™. The best
fit for the relative de-excitation rate was I'x /T, =~ 5.8 x 107%, with a statistical significance
of 6.8. Moreover, in the original publication [102], no excess was observed in the ete~
spectrum of the ®Be*(17.64) — ®Be(0) transition. No error bars were quoted for either
measurement, neither were upper bounds on emission rates of generic new particles, such
as light vectors or pseudoscalars. Subsequent studies have attempted to understand these

results via nuclear physics model§ [103{o o reianefidskion of a new light resonance [104-111].
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Experimental searches for the X(17) boson

* The ATLAS Collaboration (ATLAS NOTE ATLAS-CONF-2016-042) presented results
of a search for long-lived neutral particles decaying into collimated jets of light
leptons and mesons, so-called “lepton-jets”, using a sample of 3.4 fb™! of proton-
proton collisions data at a center-of-mass energy of 1/s=13 TeV collected during
2015 with the ATLAS detector at the LHC. Assuming conventional production
cross section 0-BR to the dark sector of 5.0 pb for a 800 GeV heavy scalar boson,
dark photon ctis excluded in the range 0.6 mm <ct< 63 mm for the Higgs & 2y +
X model and in the range 0.8 mm <ct< 186 mm for the Higgs - 4y + X model.

(Ln ,>: 10 MeV
CTAN sete— = U0 MM
[ A

« 2x10* < g, <1,4x103 esetén > 2.5 pm <ct< 120 um
e Qur results are not affected.



The DarkLight experiment at JLAB

* The DarkLight experiment proposes to search for dark photon
through complete reconstruction of the final states of electron—
proton collisions. In order to accomplish this, the experiment requires

a moderate-density target and a very high intensity, low energy
electron beam.

* Projected reaches in mass and coupling for upcoming experiments
near the Beryllium-8 anomaly. Note that these are taken in the fully
protophobic limit, so the sensitivities of experiments that search for
the dark photon through hadronic probes are heavily suppressed. The
DarkLight projection marks the region where an anomaly yields a 50

with 1 ab™ of data, which is readily achievable with anticipated
luminosities.



Searching for the X(17) in particle decays

* Araki et al, (Phys. Rev. D 95, 055006 (2017)) discussed the feasibility of
detecting the gauge boson of the U(1) symmetry, which possesses a mass
in the range between MeV and GeV, at the Belle-ll experiment. They have
found that the Belle-Il experiment with the design luminosity can examine
a part of the parameter region that evades the current experimental
constraints and, at the same time, is favored by the observation of the
muon anomalous magnetic moment.

* Rare leptonic kaon and pion decays K*(t*) 2> u*v e*e” can also be used to
probe a dark photon of mass O(10)MeV. Cheng-Wei Chiang (Physics Letters
B 767 (2017) 289) evaluated the reach of future experiments for the dark
photon with vectorial couplings to the standard model fermions except for
the neutrinos, and show that a great portion of the preferred 16.7-MeV
dark photon parameter space can be decisively probed.



Data mining and new projects

* Long-Bin Chen et al., (arXiv:1607.03970v2) discussed, the production of this yet-
not-verified new boson in electron-positron collision, using BaBar, and the results
are encouraging. The data collected at BESIII and BaBar turn out to be enough to
)p((elrgo;r)n a decisive analysis and hence give a definite answer to the existence of

* Marin Benito et al., (IOP Conf. Series: Journal of Physics: Conf. Series 800 (2017)
012031) discussed the prospects for the search of K.° - n*rre*e  at LHCb. LHCb
has proved to be very competitive in the search for such rare strange decays.
The feasibility of observing such KO decay at LHCb is studied using simulated and
real data. During the Run [ of LHC (2012), the yield of events expected per fb! of
pp collisions at v/s= 8 TeV is found to be N ., =120+280-100. A dedicated trigger
selection has been developed for the 2016 c']ata-taking. A large signal yield,
Nypgrage= (5£0.3)-10% per fb™, is expected in the LHC u#ograde phase. Pseudo
experiments have been run to assess the feasibility of discovering evidence for
the observation of the signal already in the Run | data-set.
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Probing a dark photon using rare leptonic kaon and pion decays @Cmmrk
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Rare leptonic kaon and pion decays K™ (x ") — pu* v,e’e” can be used to probe a dark photon of
mass (10) MeV, with the background coming from the mediation of a virtual photon. This is most
relevant for the 16.7-MeV dark photon proposed to explain a 6.80 anomaly recently observed in ®Be
transitions by the Atomki Collaboration. We evaluate the reach of future experiments for the dark photon
with vectorial couplings to the standard model fermions except for the neutrinos, and show that a great
portion of the preferred 16.7-MeV dark photon parameter space can be decisively probed. We also show
the use of angular distributions to further distinguish the signal from the background.

© 2017 The Authors. Published bv Elsevier B.V. This is an open access article under the CC BY license
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