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Reasons for more particles

» We love Standard Model but we are not totally satisfied

......................................................................................................................................................................................................................................................
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> One Beyond SM possibility:
an entirely new “dark” sector of new particles?
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One important example

» QCD axion: fix the strong CP problem.
» why strong interactions are CP invariant while theory can develop a
CP-odd term ? (see neutron EDM)

» In the ‘70s a ~10 MeV axion a was proposed to be searched in

nuclear de-excitations: 2C* decay (rate predicted from 2B 3 decay)
S. B. Treiman and F. Wilczek, Phys. Lett. 74B, 381 (1978)

» However, visible (i.e. through its decay products) a mostly excluded by
» quarkonia radiative decay: J/ — va (a — ete)
» beam dump experiments,

b (g-2)u limit.... Today,
>~ an invisible ultra-light (ueV - meV)
» pion and kaon decays, ... 2is searched

L.M. Capparelli et al, Phys. Dark Univ. 12 (2016) 37-44



https://www.sciencedirect.com/science/article/abs/pii/S2212686416300085
https://doi.org/10.1016/0370-2693(78)90684-6
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Room for a “heavy” axion??

However, an a with m,~10 MeV still viable IF:
» Coupling only to u and d quark (no heavy quark)
» Very fast decay (no beam dump exp.)

» No coupling to mu - only to electron

» Avoiding mixing with pion! (pion-phobia)

2
cos“ 6
L'(rt — eTvea) = 334 5 Gim? 02,
a — ete- n

SINDRUM, PLB 175 1 (1986) 101-104
| 0ar| < (0.5 —0.7) x 1074,

» Chiral pert. theory (u, d, e and a only)

D. S.M. Alves Phys. Rev. D 103, 055018

U(1) charge for u quark



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.055018
https://doi.org/10.1016/0370-2693(86)90339-4

Internal Pair conversion (IPC) <B

» Nuclei can emit ete-

instead of a photon in a nuclear de-excitation.
M.E. Rose, Phys. Rev. 76, 678 (1949)
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.76.678

Relative rate IPC

Experimental signature for IPC

J.Gulyas et al. NIMA 808 (2016)21-28
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» Smooth decrease

» Different shape
according to multipole
transition type

» M/: magnetic [(-1)/7]
M1 no parity change

» E/: electric [(-1)]
E1 parity change


https://doi.org/10.1016/j.nima.2015.11.009

A.J. Krasznahorkay et al Phys. Rev. Lett. 116, 042501 (2016).
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An unexpected(?) anomaly in 8Be
» In 2016 at ATOMKI (Debrecen) an anomalous
distribution of @¢e Was observed in “Li (p, ete-)8Be
o Pacticociotiotor  — S aroiett «Transverse-only” detector
o . No magnetic field
E ER - / r LiF and LiO targets
é’ “y NE R silicon strips 7 f
£ EO g E \ ’ / Proton energy
: T Ep =0.5-1.2 MeV
o,
» Inv. mass m ~ 16.7 MeV

O (deg.)

» Rate (wrty) =6 106



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501

More evidence

» At ATOMKI with tritium target
same anomaly in 4He
transitions at different E;

» Kinematically consistent with
8Be (same ~17 MeV inv. mass)

» Same anomaly in

11B(p, e+e')12C Phys. Rev. C 106, L061601

» No evidence from
NA64 and NA48

Phys. Rev. D, 101:071101 Phys. Lett. B 746, 178
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8Be levels @
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The MEG I detector at nE5 (PSI) (N

v

Designed for cLFV search BR(u— ey)—»6 x 107"

Eur.Phys.J.C 84 (2024) 2, 190

Gradient Magnetic Field

Max 1.3

( T) Liquid xenon photon detector 1000L LXe tank r eadm.lt by
COBRA (LXe) 668 PMTs and 4092 SiPMs
superciducting magne y

Detect g CDCH
52.8 MeV Single volume He:iC4H10
. 9 concentric layers of 192 drift cells each
pOSItrOn momentum resolution up to 90 keV
and photon

Pixelated timing counter
(pTO)

Muon stopping target

35 ps resolution

512 plastic tiles

Cylindrical drift chamber
(CDCH)

Current best limit:
B(p" —ety) <3.1x10

Radiative decay counter
(RDC)

Eur.Phys.J.C 84 (2024) 3,216
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~13 (90% CL)



https://link.springer.com/article/10.1140/epjc/s10052-024-12416-2
https://link.springer.com/article/10.1140/epjc/s10052-024-12415-3

MEG II for X17

CDCH

» Cockroft Walton
accelerator :

» up to ~1 MeV beam
» ~tens PUA current

4x4
crystals

COBRA

COBRA

target insertion system

C-W ! |vacuum —2m_,

Routinely uSed for
XEC calibration with
Li (p, v )éBe
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The Cockroft Walton beam @FN

|coBRra|
Beam imaging with a
quartz screen Spectrometer
center

» Steering of beam with dipoles TTE T
» Beamisa75% /25% H+/Hax+ -

» dedicated Faraday cup measurement K
» Protons inside (H2)* interact with energy Epecam/2
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The Li target <

» New custom target region SEM image

» LIPON(*) 2 um on 25 um Cu substrate (from PSI)
» More stable than LiO, easier to be handled
» However, irregular surface

» Carbon fiber to minimize multiple Coulomb scattering

Li target
at COBRA center Steel beam pipe
45° slant angle Al adapter
1 W proton beam
no cooling
Target arm

Cu for heat dissipation

Carbon fiber vacuum chamber
Thickness: 400 ym, Diameter: 98 mm
Length: 226 mm

LiF target

INFN L
(*) Lithium phosphorus oxynitride (LizxPOayNxsv) Fo(r BGO c?girg;c’gon
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The X17 signal in MEG 11 ER

» Different detection technique and larger angular
acceptance than ATOMKI (only Bx17 ~ 90°)

M. Viviani, et al. Phys. Rev. C 105, 014001
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https://doi.org/10.1103/PhysRevC.105.014001

» E1 (radiative
direct capture)
might be more

» Call for a detailed

https://arxiv.org/abs/2308.13751

Multipole decomposition of cross section

relevant at
1.030 MeV
resonance

model

>
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IPC events

at large angles
where signal is present
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https://arxiv.org/abs/2308.13751

Zhang Miller PL B 773 (2017) 159-165

Advanced Model for IPC

» Rose (1949) model
used at ATOMKI
missing
interference and
anisotropy of IPC

» Implementing in
our MC simulation
a more complete
model

(Zhang-Miller)
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Rose M1 (used by Atomki)

Rose E1 (used by Atomki)

ZM full model

Atomki best bkg fit
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Still not enough to explain the anomaly though...


https://journals.aps.org/pr/abstract/10.1103/PhysRev.76.678
https://www.sciencedirect.com/science/article/pii/S0370269317306342?via=ihub

External pair conversion (EPC) <G

» Real photon from more copious “Li (p, yY)8Be convert in the detector material
» Compton electrons and e+e- pairs
» Very detector-dependent.
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Normalized Counts

Trigger strategy <

» Based on pTC and CDCH hits to select pairs
» Reject single tracks, EPC, pairs asymmetric in momentum

) | SIS I 18 CDCH hits over 60 mV threshold
: —— Signal pairs I * P !
00818 L 16% efficient on signal X17
— Single tracks '

006 e - Background rejection x5 larger
i | | (than with 10 CDCH hits )
ool S S _
| i Leaves room to increase
00 e beam current
| EHi i (up to more than 10 pA)
% T 0 60

CDCH online multiplicity
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Track Reconstruction @

» Based on a Kalman Filter technique (from MEG Il)

T O ~ 40—
S i . 3 .
~ {  GOODPAIR =™
203 ﬁ:% f 20: critt chamber
103 : \ 105 :
0; /f / \ \ : \\ P+ at target 0; . "4’
- N N, . — - , b
_10f \ l\ // }/ ] N\ p- attarget : \ ﬁ
B . o e-hit 20
-30f -30F
: . < target : ]
o 20 o 20 40 o 20 0 20 a0
X [cm] Z [em]
. P L | Detailed study to suppress fakes
‘Fake pair: g e Advanced good tracks selection
Single particle : < j) ] implemented.
reconstructed as N \' g7am
two tracks (Qee~180°) . Signal efficiency
e e (and IPC acceptance) ~2.5%
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Feb 2023 data taking <B

» Run with Ebeam = 1.080 MeV at 10 pA

» 75M events collected, about 300k pairs reconstructed

Gamma rate in BGO per current unit [Hz/uA]
55

1 target for 4 weeks, good stability

3 iﬁ%ﬂﬁi ﬁﬁﬁﬁi Mﬁ B A
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20
2/5/23 0:00 2/7/23 0:00 2/9/230:00  2/11/230:00  2/13/230:00  2/15/230:00  2/17/230.00  2/19/230:00  2/21/230:00  2/23/230:00

_ o _ _ Date and time
» Remarkable stability
» Beam with both H* and Ha+ —» events from both Q=17.6 and
Q=18.1 MeV transition » data analysis to separate them
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Analysis strategy <B

» Analysis variables : Esum = Ee- + Ee+ and Oee

Blinded signal region: 16 < Esum < 20 MeV
115° < Oce< 160°

N 20 0., sideband Signal region ".:_'é-
O 19.5 e R © O} ._._E
§ 19 _"..l_.=:
S 18.5 Bind b =
S ind -
18 box =
17.5 x
17 r
16.5
16 E... sideband
15.5 2 Tk
13 50 100 150
O, (deg)

Study background distribution
in sideband (data/MC comparison) before opening the box
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Maximum likelihood fit @

» Binned ML fit using template histograms as PDF from a detailed MC
simulation

» Extensively validated on sidebands 8 o -
» Likelihood parametrised in terms of relative BF ERQ = ("Be (%)QT 8;++ ” |
| — °Be -

2 (8Be*
7i(},7)83e astro factor

» Two signal PDF’s )
» one per resonance, Q =17.6 and Q=18.1 MeV F
» Six IPC PDF’s

» Three Ep bins,
two transition (g.s and 1st excited s.) each

» Two EPC PDF’s

» No Ep dependence, :
two transition 25F

» One fake pairs PDF b

Ho+ H+
Including Beeston-Barlow coefficients to account for MC limited statistics

23
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Unblinding

20 0®,, sideband
19.5

19
S 185
N 18
17.5
17
16.5
16
15.5 g

1% 50
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sideband

100

Signal region %<4 =

[ B FUM L]

150
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Normalized

Angular aperture O, distributions for different Es,, bins

—— IPC sum to g.s. e Best fit

—— |PC sum to 3 MeV state 7z ATOMKI x10
—— EPC MC ¢ Data
£ - Fakes MC
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» Best fit:
» 10 £ 92 signal events at Q =18.1 MeV and none at Q = 17.6 MeV - for a mxi7 = 16.5 MeV
» IPC: 12.6(9)% Q = 18.1 MeV and 45.8(13)% Q = 17.6 MeV
» Goodness-of-fit: p-value = 10%



90% Confidence Limits @

» Systematic effects (energy scale, resolution, mass dependence, relative acceptance) are
all included as nuisance parameters

Limits at 90 % C.L. le—t Projected limits at 90% C.L. le—s
R176 < 1.8e-06, R1g1 < 1.2e-05 S —
o < 1.2
Profile likelihood ordering 1.75 SIS eB 08
—— Rjg1 limit < 1.2e-05
1.50 @ ATOMKI (stat. + syst.)
1.25
21.00
o«
0.75
0.50
0.25
16.5 16.6 16.7 16.8 16.9 17.0 17.1

mx17 [MeV/c?]

(e <2

e B(3Be*(Q) — 8Be+ete)
o6 ™ " #(®Be*(Q) — 8Be+7)

—+ 3.910-3(Q =18.1 MeV) 3.4 103 (Q = 17.6 MeV)


https://doi.org/10.1103/%20PhysRevD.57.3873

Hypothesis testing CNFN

» ATOMKI: X17 produced at 1.030 MeV and not at 0.440 MeV
— p-value : 6.2% (1.50)

» J.L.Feng et al.: X17 produced both at 1.030 MeV and at 0.440 MeV
— p-value : 1.8% (2.10)

Using mx17=16.97(22) MeV and R1s.1 = 6 10-6
Scaling R17.6 = 0.46 R1s.1
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https://doi.org/10.1103/PhysRevLett.%20117.071803

. INFN
Conclusion C

» MEG Il detector successfully studied the 7Li (p, e*e)8Be process

» Four weeks dedicated data taking with a special LiPON target
and the MEG Il C-W proton accelerator

» Looking for a new particle as suggested by ATOMKI experiment:
X17 = ete- witham ~ 17 MeV

» No significant signal was found in our data
» ATOMKI observation was tested and excluded at 94%

» Room to improve MEG Il sensitivity if more data will be taken

» Thinner LIPON target and removal of Hz*
for a data-taking at 1.030 MeV only

28
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Backup slides
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BGO spectra

Normalized Counts

0.05

E, = 500 keV

—t— data
——— 2-Gaussian fit ! 5
004 — — Gaus.: w=17.6 £0.1 MeV |~ 7\ e

E,=1080 keV

—t— data

003 2-Gaussian fit

—— Gaus.: W=17.7 £ 0.1 MeV | 4
0021 g

0.01__ .... - -|-|--l- .......................................... .............
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18 20
BGO Energy Deposit (MeV)



Normalized Counts / (5 deg)
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Data MC comparison for 500/1080 keV data

........................................................................................................

T

=g 1080 keV data
=t 500 keV data
—+— 500 keV MC sum
—+— IPC17.6 MC
3 EPC MC

S0



