AHOManua BHyTpEeHHen napHoin KoHsepcumn ( X17 ).
HoBble uamepeHuns B Atomki n apyrme nnaHnpyemble sKCNepUMEHTbI

Atomki (MHcTUTYT apgepHbIX ncchepgosaHuit), Debrecen, Hungary

1. A. J. Krasznahorkay et al., PRL 116, 042501 (2016)
(cm. TakKe M.B HKanos, cemmnHap OPB3 20.06.2017)
p + ’Li > 2Be’(18.15MeV) > 8Be +y (=1.5x10%)
>8%Be +e*+e (=5.5x108)
Hosble uamepeHmna nocne moaepHmM3auum YCTAaHOBKMU

2. A.J. Krasznahorkay et al., Acta Phys. Pol. B 50, 0675 (2019) _
p+ 7Li -> 8Be +et+e 10 E

IPCC

3. A. J. Krasznahorkay et al., PRC 104, 044003 (2021)
p+3H94He+e++e- I"- é_uu|I|||I|||I...I...I...I...I...I...
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B (deoree)

4. A. J. Krasznahorkay et al., PRC 106, L061601 (2022) Yron pa3nerta ( e*, e )

p+ 118 5 12C 4 et + - Based on M.E. Rose, Physical Review 76 (1949) 678
M.E. Rose, Physical Review 78 (1950) 184




JKcnepumeHTa/ibHble YCTaHOBKU Atomki

AkcenTaHc + 3PPeKTUBHOCTb

“ctapas” ( po 2016)

5 MV Van de Graaff accelerator
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A. J. Krasznahorkay et al., PRL 116, 042501 (2016)
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U3amepenuna Li(p,e e~ )Be
A. J. Krasznahorkay et al., PRL 116, 042501 (2016) 107 T
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Usmepenua ’Li(p,e e )2Be
A. J. Krasznahorkay et al., Acta Phys. Pol. B 50, 0675 (2019)
CpaBHeEHME N3MepPeHNIN Ha CTapo N MOAEPHU3UPOBAHHOWM YCTAaHOBKAX

A. J. Krasznahorkay et al., PRL 116, 042501 (2016)
A. J. Krasznahorkay et al., Acta Phys. Pol. B 50, 0675 (2019

z I KuHemaTtuka pacnaga
P Ay X(17 £ 0.2M3B) -> e* + e
5 oy o p.r) Be - 150} (from D. Barducci, C.Toni,
B —— E_=1100 keV
3 | ’ ™ JHEP 02 (2023) 154. )
@ - = < b *
s 10 I | 'C,E =17.23 MaB
' _ S 120 .
= : e - | %Be, E"=18.15 M>3B
= - 1 “He, E" =20.21 M3B
~ Y0 s 00 05 o
— e —.||—_+_ ‘ - -
4= 4 i Previous res. [1| Expl Exp2 / Average \
w3l T mee? [MeV] | 16.70(51) 16.86(6) 17.17(7) 17.01(16)
L B, 5.8%107° 6.8(10) x 107% 4.7(21) x 1075\ 6(1) x 105
4@ 6 8 100 120 140 160 Significance | 6.80 7.370 4.900
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TEOpETVI‘-IECKVIe UHTepnpetTaumm aHOMaainu

AnepnHas pusmka:

1. X. Zhang and G. A. Miller, Phys. Lett. B 773, 159 (2017).

( Be-8. M1-E1-E2 interferences + M1 form factor. ABtopsl: TpeOyembiii hopM-pakTop HE peaTucTUIEH. )

2. M. Viviani et al., Phys. Rev. C 105, 014001 (2022)
( He-4. “We first analyze the process as a purely electromagnetic one in the context of a state-of-the-art

approach to nuclear strong-interaction dynamics and nuclear electromagnetic currents, derived from chiral

effective field theory (YEFT).” ABTOpbl: AHOMAaJIMsI HE BOCIIPOU3BOIUTCS. )

3. A. Aleksejevs et al., arXiv:2102.01127 (He onybanKoBaHO)

( Be-8. “We show that the observed experimental structure can be reproduced within the Standard Model

by adding the full set of second-order corrections and the interference terms to the Born-level decay

amplitudes...”)
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OpbutanbHbit mMmOoMmeHT B cucteme X17-N
(from D. Barducci, C.Toni, JHEP 02 (2023) 154.)

TeopeTnyeckne MHTEpNperTaumum aHomanumum
HoBas nerkasa maccuBHana Yactmua (6o3oH BHe CM)

Process X boson spin parity

N* 5N ST=1" ST=1F §7"=0" S" =07
*Be(18.15) — "Be 1 0, 2 1 X
"Be(17.64) — *Be 1 0, 2 1 X
4He(21.01) — *He ¥ 1 0 X
4He(20.21) — *He 1 X X 0
12C(17.23) — 12C 0, 2 1 %X 1

2. An axial vector boson (57 =1%)
J. Kozaczuk, D. E. Morrissey, S. R. Stroberg, PRD 95, 115024 (2017)

1074 F <
UV model 0 , 7 Meller
= 4 Fa
( Pacuer MaTpu4HBIX 3JIEMEHTOB, YUET SKCIIEPUMEHTAIBHBIX OTPAHUYEHUM ) = LN
i Allowed >\ *Be” excluded

3. A pseudoscalar particle (7 =07 )
U. Ellwanger, S. Moretti, JHEP 11 (2016) 039; C.-Y. Wong, JHEP 08 (2020) 165
A variant of QCD axion model (“Piophobic” axion)
D. S. M. Alves, N. J.Weiner, JHEP 07 (2018) 092;
D. S. M. Alves, PRD 103, 055018 (2021); J. Liu et al, JHEP 05 (2021) 138

1. A protophobic vector boson (S* =17 )
J. L. Feng et al, PRL 117, 071803 (2016);
PRD 95, 035017 (2017); PRD 102, 036016 (2020)

By ~>|€e,+¢€,[=0.01 >> g (dark photon,NA48/2) < 810,

max

HO BEKTOPHbIN 6030H C | €,/ €,]< 0.08 Bo3MOXKEH.
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IPCC(exp), IPCC(simu)

X17 B nepexoae Be*(17.64) > Be + et + e
2 MV Van de Graaff , apyroi 3an, ycraHoBKa (5 (AE-E) + DSSD), ToHKaa muweHb (15 pg/cm?)
MNpeackasauua : By, = 2.6°10°° («protophobicy eexmop, J. L. Feng et al, PRL 117, 071803 (2016) )

B, ~ 0.6°10°° ( ncesoocransp, U. Ellwanger, S. Moretti, JHEP 11 (2016) 039 )
B, < 1.0°10°° ( ncecoosexmop, J. Kozaczuk et al, PRD 95, 115024 (2017) )

A.J. Krasznahorkay et al, A.). Krasznahorkay et al,
EPJ Web Conf. 142, 01019 (2017) POS(BORMIO2017)036, https://pos.sissa.it
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U3amepeHua 3H(p,ete )*He
A. J. Krasznahorkay et al., PRC 104, 044003 (2021)

[MpOTOHHbIN Ny4yoK 1uA oT 2MV Tandetron
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Uamepenuna 3H(p,ete™)*He
A. J. Krasznahorkay et al., PRC 104, 044003 (2021)

TABLE 1. Internal Pair Creation Coeflicients (IPCC), X17

Boson branching ratios (B ), masses of the X17 particle, and
confidences derived from the fits.

Focam (Me) _E'p IPCC B, Mass Confidence AM, (sys)
(keV) x10™* x10~° (MeV/c?)
510 253) 6.2(7) 17.01(12)  7.30
610 1.0(7) 4.1(6) 16.88(16)  6.60
900 1.1(11) 6.5(20) 16.68(30)  8.90
Averages 5.1(13) 16.94(12) +0.21
*Be values 6 16.70(35) 6.86 +0.50

At —m=a0 “As shown, the branching ratios of the X17 particle are identical
E (MeV) within uncertainties, for the three beam energies proving
that the X17 particle was most likely formed in direct proton
capture, which has a dominant multipolarity of £1.”
[ as predicted by X. Zhang and G. A. Miller, PLB 813, 136061(2021) ]
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12C*(17.23 M3B; 1-;1) — 12C(0*;0)

Evants /( 3 dagreas )

Mot = 1150 K3B (y, a, p)
Mumens: !B (2 mg/cm?)
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UamepeHuna 11B(p,ete™)12C
A. J. Krasznahorkay et al., PRC 106, L061601 (2022)
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“The present observation of the X17 particle in
an E1 transition supports its vector character,

as suggested by Feng et al.”

TABLE L. X17 branching ratios (B;). masses, and confidences

denved from the fits.

Ep B Wass Confidence
(MeV) x 107% (MeV/c®)
|50 1. 1(6) 16.81(15) i
|70 3.3T) 16.93(8) T
| .88 3.9(T) 17.13(10) BT
2.10 421 17.06(10) X
Averages 3603) 17.03(11)
Previous [14] 5.8 16.70( 30
Previous [31] 5.1 16.94(12)
Predicted [33] 30
[33] J.L. Feng et al, PRD 102, 036016 (2020)
Prediction for a “protophobic” vector boson
13



Counts/(5 degree)

YBennyeHue CTaTUCTUKMU:

Nounck X17 npu npamom 3axsaTte nNpoToHa B ’Li(p,e e ~)Be

A. J. Krasznahorkay, koHg. 06-08.09.2021, Rome, Italy
https .//agenda.infn.it/event/26303/sessions/20094
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N.J. Sas et al., arXiv:2205.07744 (ATOMKI)

X. Zhang, G.A. Miller, PLB 813 (2021) 136061

TLi ¥.X ~JLi y,X:
Jf‘ iBe* "Be _(" ’Be
‘p “p

Fig. 2. The Feynman diagrams for the M1 and M1¥ (left), and E1 and E1* (right)
transitions. In the left diagram, the intermediate BBe* states are the two 1 reso-

Nances.
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Nounck X17 npu npamom 3axsaTte nNpoToHa B ’Li(p,e e ~)Be

N.J. Sas et al., arXiv:2205.07744 (ATOMKI, 2022) X. Zhang, G.A. Miller, PLB 813 (2021) 136061
E ;ﬁg 3 B, =450 keV — Paipor 10~ 1
g 1400 B--! ---- Background PDF — 1073 ]
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s ME e 2 Sanar £ 107} e
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R e S
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B (degrees)

I[[(X17), I{E1) and I(M1) of the X17 and the E1 and the

£ 700 A M1 contributions. The ratio of I(X17)/I{El) 1= also lsted
] e s R [B(X17)].
I E, m(X17) IL(X17) [[E1} I(MI1) B(X17)
R I T e Ty (keV) (MeV/c?)
) O (ceoreee 50 16.6(3)  43(40) 30(25) W* 1.4(16)
1 650 16.04(14) 24(16) 46(5) 32(4) 0.5(3)
g 200 16.81(9) 33(10) 62(4) :.9[4 0.53(14)
1100 17.11(12) 28(8) 66(2) 15(1) 0.41(13)
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CoBpemeHHOe coCcToAHUe

1. dkcnepumeHTbl B ATOMKI.

AHomanus IPC obHapy»XeHa npu pa3page Bo36y»KaeHHbIX COCTOAHUM B 3-X agpax: Be-8, He-4, C-12.
CraTucTnyeckas 3HaYMMOCTb B KaXKAOM C/ly4ae - OKONO 7 CTaHAAPTHbIX OTKJIOHEHUA.

KuHemaTHKa XOpoLLo cornacyeTca ¢ poXAeHuem 4actuubl ¢ maccoii okono 17 MaB/c2 (X17),
6bICTPO pacnagalowenca Ha 3NEeKTPOH-NO3UTPOHHYIO Napy.

B agpe Be-8 Habnlopaertca (?) ykasaHue Ha poxaeHue X17 B npouecce Hepe30HaHCHOro 3axBaTa NPOTOHaA.
2. B pamkax CM ﬂp,e[iHOﬁ $dn3nMKN 06BACHEHUA JAHHOMY ABNEHUIO MOKA He HAaUAEHO.
3. B pamkax pU3MKU anemMeHTapHbIX YacTuy, npupoaa X17 oaHO3HAYHO He YCTaHOB/IeHa.
TeopeTtuyeckue uccnepgosaHuma npogonxKatotca. (cm., Hanpumep, D. Barducci, C.Toni, JHEP 02 (2023) 154)

4. MoparteepxaeHue/onposepxeHue X17 co CTOPOHbI APYrux 3KCNepUMeEHTOB OTCYTCTBYeT.
HamepeHus: > 20 (cm., Hanpumep, A.J. Krasznahorkay et al, POS(BORMI0O2017)036, https://pos.sissa.it)
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Beryllium anomaly search with the MEGII experiment at PSI

A. Papa (INFN-Pisa), https://agenda.infn.it/event/26303/sessions/20094 (2021)

5 Signal+Bk
f-"' e —rj Lt
s =t
: C
% e =
. E
‘ 100
q-l”I1Ii|““1!I””1|5.I”“1:3I””1I'|'I”I1:3I ™ i

C. Voena (INFN-Roma), “Not Only p—ey: X17 search”, DIS2022. https://indico.cern.ch/event/1072533

Status:

- Preliminary feasibility studies show that ~5¢ sensitivity could be reached in few days data
taking

- First tests done during 2021 and 2022 shutdowns (stability of the setup, trigger...)

- Measurement foreseen in late 2022
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https://agenda.infn.it/event/26303/sessions/20094
https://indico.cern.ch/event/1072533

Status of the X17 search in Montreal

G. Azuelos et al 2022 J. Phys.: Conf. Ser. 2391 012008; https://meetings.triumf.ca/event/262
( May, 25,2022 )

Yacte DAPHNE (MWPC + scintillators) Peakuuu: ‘Li(p,e e~ )®Be ; "Li(*He,eTe™)1B

y

M1+ 0.23 E1 IPC

Opening angle AB

Craryc:
1. YcTaHOBKa rotoBa, nAeT HaslagKa SNeKTPOHUKMN.
2. U3amepeHua (nnaH-rpaduk) :
11.2022 —03.2023 — namepeHue n aHanns Be-8
03.2023 — Ha4ano namepeHun B-10

18


https://meetings.triumf.ca/event/262

Institute of Experimental and Applied Physics, Czech Technical University in Prague
A.FV. Cortez, Nuclear Inst. and Methods in Physics Research, A 1047 (2023) 167858

Drift cathode

Drifting

electrons ™

Ar/C = 5

Readout plane

Timepix 3

Vacuum tube
— [lyyoK: Van de Graaff accelerator in IEAP

[MpoBepKa namepeHunn Atomki.
1. TpaccmpoBKa M BOCCTAaHOBNEHUE BEPLUUHDI.
2. 3HaK 3apAaaa 4YacTull.

Crartyc: “ A spectrometric system integrating
TPX3, MWPC and TPC detectors
is under construction...”

H* beam

[MoKa3aHbl 2 ceKumm n3 6 19



X17 @ nToF

Conference «Shedding light on X17», Sep, 2021, Centro Ricerche Enrico Fermi, Rome, Italy
(https://agenda.infn.it/event/26303/sessions/20094/#20210908)

*He(n,X17)%He (new!)

ete-
Measurements:
2022-24 (CERN Lol approved)

3He(n,X17)*He, "Be(n,X17)%Be, H(n,X17)°H @ n_ToF, Demokritos...

beam
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>

target

B
—

tracker (RICH/MPGD)

Ecal (Ej-200 or LYSO)

\ /'f

@ e

tracker (RICH/MPGD)

SIDE

FRONT

3H(p,e+e-)*He, ’Li(p,X17)%Be, H(p,X17)*He @ LUNA, ENEA/Frascati...
Setup is in preparation. Most of the concerns will be clarified at the end of this year with beam tests at
n_ToF (backgrounds) and ENEA/Frascati (detector performance)

I~3 A
n=20 loops/cm
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Cnacunbo 3a BHMMaHue!



Backup



derfdM _dens 8

X. Zhang, G.A. Miller, Physics Letters B 773 (2017) 159
Can nuclear physics explain the anomaly observed in the internal pair production in the Beryllium-8 nucleus?

In this work, we improve the nuclear physics modeling of the reaction by studying the pair emission
anisotropy and the interferences between different multipoles in an effective field theory inspired framework.
We then explore the nuclear transition form factor as a possible origin of the anomaly, and find the required
form factor to be unrealistic for the 8Be nucleus.

M1-E1-E2 interferences M1-E1 enterference +M1 form factor
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MC - background simulations from Atomki



A. Aleksejevs, S. Barkanova, Yu.G. Kolomensky, B. Sheff,
A Standard Model Explanation for the “ATOMKI Anomaly“, arXiv:2102.01127
We use this model to demonstrate that an interference between the Born-level IPC amplitude and a subleading
nonresonant component (an amplitude with a broad phase-space structure) could produce effects observed by
ATOMKI. ( PacueTbl 1 MC mogenvpoBaHue caenaHbl ToNbKo ana peakumm ‘Li(p,ete™)%Be)

e r:%, o .d’:ﬁ./‘/ FIG. 1: Higher order QED contributions in decay of 8Be. Grey
TS g S § E R bubble corresponds to spin 1 — 0 transition, black bubble for
, ; : ROl . . . -
é _ @ spin 0 — 0 and white bubble for spin 1 — 1 transitions.
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X. Zhang, G.A. Miller, PLB 813 (2021) 136061
Can a protophobic vector boson explain the ATOMKI anomaly?

“We study this hypothesis by deriving an isospin relation between photon and X couplings to nucleons. ... The
net result is that X production is dominated by direct transitions induced by £1¥ and L1* (transverse and
longitudinal electric dipoles) and C1* (charge dipole) without going through any nuclear resonance | i.e.
Bremsstrahlung radiation) with a smooth energy dependence that occurs for all proton beam energies above
threshold. This contradicts the experimental observations and invalidates the protophobic vector boson

explanation.”

Li

Fig. 2. The Feynman diagrams for the M1 and M1¥ (left), and E1 and F1X (right)
transitions. In the left diagram, the intermediate 8Be* states are the two 17 reso-
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