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What is X177

* New particle conjectured to explain ATOMKI anomaly in
Li(p,y)®Be with 1+ state of 3Be(18.15)

Phys. Rev. Lett. 116, 042501 (2016)
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» Assume definite parity ( J*)
« Example: ®Be(18.15), 1*

- A— XB

Ja=Sx+Sp+L

1 =Sx

0

L

PA — PX X PB X (—1)L
+1 = Px X (+1) X

(=1)"

Sx=0 = |L-1<0<L+1 = L=1
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» Assume definite parity ( J*)
« Example: ®Be(18.15), 1*

- A — XB
JA:SX+SB—|—L PA:PXxPBX(—l)L
1=Sx+0+L +1 = Px x (+1) x (=1)*

Sy =0 — |[L -1 <0<L+1 = L=1
Sx =1 = |[L-1<1<L+1 = L=0,1,2
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» Assume definite parity ( J*)
« Example: ®Be(18.15), 1*

- A — XB
JA:SX+SB—|—L PA:PXxPBX(—l)L
1=Sx+0+L +1 = Px x (+1) x (=1)*

Sy =0 — |[L -1 <0<L+1 = L=1
Sx =1 = |[L-1<1<L+1 = L=0,1,2

JP=0",17,1




Theory analysis

« Assume definite parity ( J*)

State (MeV) Scalar (0%) Pseudoscalar (0) Vector (1) Axial vector (1%)
8Be(18.15), 1*
8Be(17.64), 1*
4He(21.01), 0
4He(20.21), 0*
12C(17.23), 1-
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Theory analysis

 Proton coupling bounded by SINDRUM, NA48/2 (protophobic),
derive limits on neutron coupling

) — (X — ete)
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Many open questions

arXiv:2306.15077 [hep-ph]
Vector

- esQf =21x107*
- | ~ ] e Parity etc. still unclear

0.75 1

_1.00 ¥ ‘
050 —0.25 0.00 025 0.50 0.75 1.00

—1.00 —0.75
ecQyY /1072
X17 discovery potential from yd—e*e pn, Cornelis J.G. Mommers & Marc Vanderhaeghen, arXiv:2307.02181 [hep-ph]

8



Many open questions

arXiv:2306.15077 [hep-ph]
Vector

es@Y = 2.1 % 10~
] = Parity etc. still unclear

1.00

sy/ﬂ)m \

0.75

* Need independent verification!

0.50

—1.00 . T
—-1.00 -0.75 —-0.50 —-0.25 0.00 0.25 0.50 0.75 1.00

eeQ)Y 102

X17 discovery potential from yd—e*e pn, Cornelis J.G. Mommers & Marc Vanderhaeghen, arXiv:2307.02181 [hep-ph]



Many open questions

arXiv:2306.15077 [hep-ph]
es@Y = 2.1 % 10~

Vector
1.00 g E
— sy&{mm\m . U '
0.75 ----AINDRUM 7T (Q¥ .~ .
0.50
o 0.25
=
% 0.00
%
2 —0.25 %
~0.75 J0G
=100 =5 ; |
—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00

eeQ)Y 102

* Parity etc. still unclear
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* Ongoing/planned experiments
at MEG Il (PSI), CCPAC
(Montreal) and others (see
Eur.Phys.J.C 83 (2023) 3, 230)
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Many open questions

arXiv:2306.15077 [hep-ph]
* Parity etc. still unclear
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* Need independent verification!
* Ongoing/planned experiments

at MEG Il (PSI), CCPAC
(Montreal) and others (see
Eur.Phys.J.C 83 (2023) 3, 230)

» We propose a direct search at
MAGIX experiment at MESA



MAGIX@MESA

* MESA is a linear MESA Experiments
accelerator under

construction in Mainz
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MAGIX@MESA

* MESA is a linear MESA Experiments
accelerator under

construction in Mainz

* Low energ?/, high
Intensity electron beam
~105 MeV

P2
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MAGIX@MESA

* MESA is a linear MESA Experiments
accelerator under

construction in Mainz

* Low energ?/, high
Intensity electron beam
~105 MeV

* MAGIX is a pair of
multipurpose
spectrometers, can
measure m,_, with
precision of 0.1 MeV

P2

X17 discovery potential from yd—e*e pn, Cornelis J.G. Mommers & Marc Vanderhaeghen, arXiv:2307.02181 [hep-ph] 9
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Deuteron with neutron tagging

* Direct search using yN — Ne*e
» Stronger signal with neutrons, QED background suppressed
* No free neutron target!

 Consider neutron bound in deuteron, yd — e*e pn

* Pick kinematics where neutron is “quasi-free”

» Work within plane-wave impulse approximation:
M(yD — eTe " pn) x ¥vp x M(yn — e"e n) +vp x M(yp — eTe p)
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Relevant diagrams

(a) ry ,\N\/\/\,—>— 6_ (b)
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Relevant diagrams

@~y o D) e

 Higher-order corrections ~25%, tree level sufficient for this work
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Signal optimization

e— ¢ Optimize kinematics such that X17
signal is visible over QED
background, subject to constraints
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e— ¢ Optimize kinematics such that X17
signal is visible over QED
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Signal optimization

e— ¢ Optimize kinematics such that X17
signal is visible over QED
background, subject to constraints

€ n

=

e+

» Sensitivity MESA: om_, = 0.1 MeV
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Results (I)
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Results (Il)
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Outlook

 Not limited to X17 — can draw exclusion limits
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Outlook

* Not limited to X17 — can draw exclusion limits
* Use same measurement data to get neutron polarizabilities

Photon Scattering on Quasi-Free Neutrons in the
Reaction yd — y'np and Neutron Polarizabilities

M. I. Levchuk!, A. I. L'vov?, and V. A. Petrun’kin®

! B. L Stepanov Institute of Physics, Belorussian Academy of Sciences, F. Scarina Prospect 70,
220602 Minsk, Belarus

2 P.N. Lebedev Physical Institute, Russian Academy of Sciences, Leninsky Prospect 53,
Moscow 117924, Russia
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Summary

« ATOMKI anomaly is a smoking gun
* Much is still unclear, clear need for independent experiments

* MAGIX experiment at MESA is uniquely suited for a direct search
using neutron tagging

* Calculation may be extended for exclusion plots

16
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Bonus slides




Table ATOMKI decays

Ref. State (MeV) Transition (J*)

2]-[4], [6] ®Be(18.15) 1t — 0t (M1, isoscalar)

2]-14], [6] ®Be(17.64) 17 — 0" (M1, isovector)

51, [71-19] “He(21.01) 0~ — 0  (MO)

5], [71-19] “He(20.21) 0" — 0"  (E0)

10] 2C(17.23) 17 = 0" (E1, isovector)

States (MeV) mx (MeV) I'x (eV) B
5Be(18.15) 16.70 = 0.35(stat) £ 0.5(syst)  1.1(2) x 105 5.8 x 10~
$Be(18.15), *Be(17.64) 17.01(16) 1.2(2) x 1075 6(1) x 10~

H
“He(21.01), *He(20.21) 16.84 & 0.16(stat) 4 0.20(syst) 3.9 x 1077 1.2(4) x 107!

(18.15)
“He(21.01), *He(20.21) 16.94 £ 0.12(stat) £ 0.21(syst)
(21.01)
12C(17.23) 17.03 + 0.11(stat) £ 0.20(syst) 1.6(1) x 10~ 3.6(3) x 107°




Deriving limits on couplings (P)

Lo =iN7s (QE?J)VN T gg%Z)VNTS) NX

e SINDRUM: lg%nn] < 0.6 X 107 (phys. Lett. B 175, 101 (1986))

« Multipole:

['be 1 gg?}w cos 0+ — gﬁ}w sin 6+
M 27a \ [p® — O] cos 01+ — [p) — W] sin 0+

)

kx
ky

)3
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Deriving limits on couplings (V)

N=p,n

e NA48/2: |e, < 08— 12)x 1077

S B o) (Phys. Lett. B 746, 178 (2015))

[Be _ |(epten)cost+ M1y g+ (ep — €n)(—sin O+ M1y p—; + cos O+ kM1 71|

) " y X
MUItIpOIe. F,I}//H |COS(91+M11’T:0 — Sin91+M11,T:1 + cos 91+I{M11,T:1|2

120(17.23)

I'xv k mx 2
TF ~ AE (1 - 2AE2) £ = €n

2(

kx

Ky

)3

21



Deriving limits on couplings (A)

Lan=-X, Z anNyH s N
N=p,n

« Matrix elements from Phys. Rev. D 95, 115024

. 8Be(18.15) 9
 Multipole: x4 1 kx {2+ (@)

~(p) A(m): |2
FE:;‘“ T (®Be(18.15)) 187 mx | (fllapOns + andpr||ix) |

22



Diagrams in detail (QED)

Figure 2: The direct and crossed diagram for the BH process.

Figure 3: The diagram for the pion-pole amplitude.
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Diagrams in detail (signal)
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Deuteron wave function

* Use CD-Bonn wave function in momentum space

(DOI: 10.1103/PhysRevC.63.024001)

3.5

~ (27{)3/2 1 M 3r

V' (p) = s %) = eta®)Su®)|

p X Yo(p), p X Y2(p) [GeV /2]

p X g
p X o

—

01 02 03 04 05 06 07 08 09
p [GeV]

1
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https://doi.org/10.1103/PhysRevC.63.024001

PWIA

" B (27?)3/2(2md)1/2
MER(dy — ete pn) = 2

By V2
) { (EIE; ) {M (’Y(q’ AN p(=p,,ma—8,) e (p_,s_) 6+(E‘OJH s+)p(fpp, SP))
Dn

1
X 7%%&0(}%1) (% % ; Mg — Sn Sn | 1md>
+1
— > M@\ p(=Pum = 5,) = € (p_,5-) et (D, 54) p(Dy )

ms=—1

X Y (=) 0a(pa) (215 mg — mgmg | Tmg) (335 myg — s,8, |1 ms>]

E)gp) 1/2
" E(i} {M (’Y(q’ /\) n(_pp: Ma — Sp) - e_(p_’ S_) e+(p+’ 8+) n(pna Sn))
Pp

Spmg — Sp| Imy)

1
X ﬁ%(ﬁp) (33

= ¥ M@V n(=ppm = s,) = ¢ (p_.s ) e (py5y) nlposn)

mg=—1

X }gnd_ms(f)p)wg(pp) (2 1 s Mg — Mg Mg | lmd> <% % y SpMg — Sp | 1 ms) ] }
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Averaging the signal

We have

do B do
dlp.|d|p_|dQ,dQ_dQ, dIT’

do

1 mx+6mx /2 do
. - d 22
a1l / 4

- 5mx

measured

mx—dmx /2 dH
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Averaging the signal

do B do
dlp.|d|p_|dQ,dQ_dQ, dIT’

We have
do

1 mx+5mx/2d do-
i /

22—
mx—dmx /2 ¢ dII

- 5mx

measured

5mX

¢ \ dII I%ee

1 (d) (@~ )"+ (mxTx)’
2

~~ constant between [mx — —,mx +

5mX

2
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Averaging the signal

do B do
dlp.|d|p_|dQ,dQ_dQ, dIT’
We have
d_O‘ _ L /mx+5mx/2d . d_a
dll measured 5mx mx —dmx /2 dll
2 2 \2 2
1 (do [(q —mx)" + (mxIx) ] omy omx
= 5 ~ constant between |my — —— , my + ——
q’2 dII IXee 2 2
do
dll measured

Nda
~\dn

1 62 2m?2 -1 A2 -1/2
o (LT me | (L] Blameten),
q'?=m3, e2=1, I‘X:15mX e“mx m
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Verifying the QED background (1)

[ —— Born
5r|===Bomn+r

Born + 7° + a, 3 (LEX)
® A2/MAMI (2022)

0

0 20 40 60 80 100 120
¢’ (deg)

(a) yp — yp

140

160

180

(nb/sr)

!

do/dQ2

":
- M w o
= (&) [N &) w &) ~ (&)

o
(&)

-k, =105MeV

- = =Born + 7°
Born + 70 + &, 3 (LEX)| 1
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!
¢, (deg)

(b) yn — yn



Verifying the QED background (lI)

do /Y. dQ,, dT,, (nb/MeV sr?)

Few Body Syst. 16 (1994) 101-125

DOI: 10.1007/BF01355284 >
0.7 . .
E, =100MeV [ Born
osf 6, =135° - = =Born + 1
d, = —-20° Born + 7% + a, 3 (LEX)
05
04t
03f
D2t
0.1

(=]

T, (MeV)

(a) vD — vypn (mine, PWIA)

0.8

0.6

0.4

0.2 |

0.0

- E?= 100 MeV
8 =135°
7 ] -~
Bn==—20 /\
/A
[ ~\ a
N J Y/ \ \
/7 \
r—l ‘\“"'— 5' \\
K \
- - “/ ‘\\
e
— 1 | : |
10 20 30
En, MeV

(b) vD — ~pn (Levchuk, PWIA [dashed],
DWTIA [dash-dot], DWIA + MEC [full])
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Optimizing kinematics

1. |p,| < (my A)Ve ~ 45.7 MeV/c
2. 15°< 6| <165°i=+, -

3. 5°<16,| <165°,

4. |p.| > 20 MeV/c

* Scan parameter range
* Find maximum
* Fine tune parameters
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