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Outline: examples of nuclear physics @ n_TOF

1. Study of the X17 anomaly (or puzzle)

2. Neutron-neutron (NN) scattering length
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Outline: examples of nuclear physics @ n_TOF
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1. Study of the X17 anomaly (or puzzle) g ﬁ.
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X17, some history

ELSEVIER Physics Letters B 388 (1996) 235240

14 November 1996

—
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A deviation in internal pair conversion
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* Theoretical interest in light bosons is even e
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Is There a Light Scalar Boson?

"Li(p,e+e-)’Be

yield of pairs
=

b)
2 -
ided new % _
€ 816 [
Recently Krasznahorkay et al. (ATOMITI).prlg\(/:I fsf o o
L ° In S : . “ \
. e of an anomaly 5 ) T
experlmentql eVIdenC 2 b I S °. ............................... ?- p#_L
- Y . ‘ 5 1é0 140 | MATER STUDIORUM
m 40 60 w 1w "ERSITA DI BOLOGNA
INFN National Institute for Nuclear Physics

correlation angle o (degrees)



X17, some history — ATOMKI (recent) results

1. Krasznahorkay et al., Phys. Rev. Lett. 116, 042501
(2016):"Observation of Anomalous Internal Pair Creation in
8Be: A Possible Indication of a Light, Neutral Boson”

2. Krasznahorkay et al., arXiv:1910.10459 (23 October 2019):
“New evidence supporting the existence of the hypothetic
X17 particle”
3. Krasznahorkay et al., arXiv:2104.10075 (20 April 2021): “A ‘

new anomaly observed in “He supports the existence of
the hypothetical X17 particle”

Reaction M7t AMgt Amg Statistical

(MeV) evidence
Li(p,e+e-)®Be  16.70 £0.35t 0.50 >50 10-14
SH(p,e+e-)*He  16.94+0.12 + 0.21 >90

INFN National Institute for Nuclear Physics
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* X17 mediator of a fifth (protophobic) force?
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* Signature of a BOSON (X17) beyond Standard Model?
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X17, *H(p,e+e-)*He setup @ ATOMKI Me"f? i

Forbidden 0- = 0* and 0*=>0* EM transitions

Plastic scintillator Carbon fiber tube

In a nutshell:
* 3H adsorbed on a Ti layer
* 6 plastic scintillators 8x8x8 cm3

* double-sided silicon strip
detector (3 mm wide strips, 0.5
mm thick)

* 1 mm thick carbon fiber tube

Silicon strips

* Detector acceptance only
around 90° with respect to the
beam axis

* no tracking

s
I N FN National Institute for Nuclear Physics ALMA MATER STUDIORUM

UNIVERSITA DI BOLOGNA



o
X17 @ n_TOF, basic idea: study of He excited states

23 LE, MeV] 22330
22+ - 21.84
3H(p,e+e-)*He
21 | 00— 21.01
O+ 20.21
20 = 12+ 19.82 2
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19 |
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X17 @ n_TOF, basic idea: study of He excited states

*He(n,e+e-)*He
4He/{“.\ s e)+9.
= &0

INFN National Institute for Nuclear Physics

23

22

21

20

19

| E, [MeV] 2

23.30

2-— 21.84

0- 21.01

20.21

SHe +n

k 12+ 19.82 2

3H+p

. “He

Probing X17 existence

X17 Mass, quantic numbers, coupling, life time,..
proto-phobic nature of the fifth force.

First measurement of o(E) 3He(n,e+e-)*He
Theoretical nuclear physics

Jn%

3H(p,e+e-)*He
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X17 @ n_TOF, basic idea: study of He excited states

*He(n,e+e-)*He
4He//*.\ s 39.
= &0

INFN National Institute for Nuclear Physics
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Probing X17 existence

X17 Mass, quantic numbers, coupling, life time,..h
proto-phobic nature of the fifth force.

First measurement of o(E) 3He(n,e+e-)*He

Theoretical nuclear physics
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X17 quantum numbers
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X17 @ n_TOF: possible experimental setups - EAR2 1/2

0<E, <3 MeV
107! at/cm?33He target

RICH:

* PB(e-,e+) @ 8 MeV =0,993

* B(p) @ 100 MeV = 0,42
(below threshold)

* 3He(n,y)*He small background

Working principle:

RECONSTRUCTION in TIME and SPACE
* Ellipse centers: e+e- impact point

* Ellipse shapes: e+e- direction

I N FN National Institute for Nuclear Pllysics ALMA MATER STU mm{x_t;rxq

UNIVERSITA DI BOLO



o
X17 @ n_TOF: possible experimental setups - EAR2 2/2

TPC with MGPD

with Ar/CO,=/CF4=60/20/20

1/W,z ~ 10 ns/mm
300 ns signals (crossing e+e- pairs)

—~ 10
3
E® =y
&, . g
\ 8
‘ 2
3He/4 . £ ¢ b—o
[[neutron beam > He/*He target ) Prompt Signal s °
sk
P " 3
o 3
o
. 4 sl ... Exp dato/for Ar/C0,/CF, (60/20/20) .
with argon+C0,=90+10 /
~ g ? o g AT:L/Wdrif't 4 o Exp data!for Ar/€0O, (70/30)
Wit ~ 5 cm/ps o
' 2 0 1 2 ; + ;. 6 7
E (kV/cm)
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i
X17 @ n_TOF: (optimistic) timeline

Detector concept TESTS of detector
Monte Carlo prototypes

Final 3He target

Final detector Measurement

3He target
s configuration @ EAR2

R&D

INFN National Institute for Nuclear Physics

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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Outline: examples of nuclear physics @ n_TOF

2. Neutron-neutron (NN) scattering length ¥ |

K .S. Krane,

Introductory nuclear physics
J. Wiley & Sons
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Outline: examples of nuclear physics @ n_TOF

”

09:00-09:15
(59
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09:30-10:05
(15)
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(10

10:45-11:15
11:15-11:45
(10)
11:45-12:15
(10)
12:30-14:00
14:00-14:30
(10)
14:30-15:05
(107
15:05-15:40
(10
15:40-16:05
(109
16:05-16:30
16:30-17:10
(10)
17:10-17:35
(107
17:35-18:00
(10)
18:00-18:30

FIRST TOF COLLABORATION MEETING

7th & 8th of January, CERN - Council Room
Preliminary PROGRAMME on the 7th of January

Welcome address. C. Detraz

The role of the CERN Facility in Europe P. Pavlopoulos

The target-moderator station and the beam-  E. Radermacher
layout of the CERN TOF Facility.
GELINA and the planned CERN neutron
source: complementarity and possible co-
operations.

Coffee break
TSL-Uppsala and the CERN TOF Neutron
Facility: complementarity and co-operation.
Neutron Cross Sections for ATW
Applications and Basic Science.
LUNCH
Physics aspects at the CERN Facility and
EU-Russian co-operation.

Pre- and post-fission neutron multiplicity
measurements with the DEMON detector.
The structure of the neutron and its

interaction 5

H. Weigmann

J. Blomgren
E. Henry
W. Furman & Y.
Popov
G. Rudolf

H. Leeb

CERN-DG
Univ. Basel

CERN-SL
JRC-IRMM-
EC - Geel
TSL-Uppsala

LLNL-
Livermore

JINR-Dubna
IReS-

Strasbourg
TU Vienna

n-n final state interaction in the reaction n+d  P. Assimakopoulos

-> p+n+n.

Pal L

U Ioannina

The LOHENGRIN facility in nuclear
research and application.
Large fission chamber with alpha particle
rejection.
Gas scintillation detectors with GEM
readout.

S. Oberstedt

P. Cennini

A.Tzima

ILL-Grenoble

CERN-EP

Univ.
Thessaloniki

ROUND TABLE DISCUSSION ON FISSION DETECTORS

'

09:30-10:10
(10)

10:10-10:30
)
10:30-11:00
11:00-11:30
(109
11:30-12:00
(10)
12:00-12:30
12:30-14:00
14:00-14:30
(10)

14:30-15:00
(10
15:00-15:30
15:30-16:00
16:00-17:00

17:00-17:15

FIRST TOF COLLABORATION MEETING

7th & 8th of January, CERN - Council Room
Preliminary PROGRAMME on the 8th of January

Theoretical Nuclear Astrophysics as a T. Rauscher U Basel
Challenge for Our Understanding of
Neutron-Rich Heavy Nuclei.
Nuclear Astrophysics measurements at the
border of stability - complementary
possibilities at FZK and CERN.
Which neutron capture detector for
measurements at the CERN facility ?
Coffee break

The CeF2 gamma detector.

F. Kaeppeler FZK-Karlsruhe

F. Corvi JRC-IRMM-

EC - Geel

J.M. Loiseaux ISN-Grenoble

Liquid-Xenon 47-gamma detectors. V. Chepel U - Coimbra

ROUND TABLE DISCUSSION ON CAPTURE DETECTORS
LUNCH
Double ionization chamber for alpha- W.Furman &Y.
particles with compensation for primary Popov
gamma-flash and gamma-background.
Large surface Si-microstrips detector.

JINR-Dubna

P. Assimakopoulos U Ioannina

ROUND TABLE DISCUSSION ON PARTICLE DETECTORS
Coffee break
ROUND TABLE DISCUSSION ON ORGANISATION AND THE PROPOSAL
TO THE 5th FRAMEWORK PROGRAMME
CONCLUSIONS




In a nutshell:

NN chﬂering Iengih, WhY? Forces between
nucleons are charge
independent
(once EM effects are
Q: “Neutrons and protons behave in the same way under nuclear )

interaction?”

A: YES! Neutrons and protons can be considered as 2 eigenstates
of the same particle, the nucleon. 2 New symmetry: isospin [ W.
Heisenberg, 1932 https://doi.org/10.1007/BF01342433]

‘ -> Charge Symmetry
N )

ISOSPINT =1

T,=1 proton — proton “
T,= 0 neutron — proton ‘.
T,=-1 neutron — neutron ..

Because of

* u-d quark mass difference

* Electromagnetism

Isospin invariance and charge
symmetry are only approximate
symmetries

[Hs,T] =0

Hs = strong Hamiltonian

INFN National Institute for Nuclear Physics ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA


https://doi.org/10.1007/BF01342433

B
NN scattering length, why?

a,, =-18.9 £ 0.4 fm

app =-17.3 £ 0.4 fm

Charge Symmetry Breaking (CSB) of the nucleon-nucleon
interaction refers to a difference between proton-proton and
neutron-neutron interactions, only.

® I

Experimental evidences?

* my,<m, (would be m, < m,for Coulomb interaction only) Because of

. . * u-d quark mass difference
*  ap, 7 a,, (different scattering Ieng’w& . Electromagnetism
* 3H-3He binding energy Isospin invariance and charge

* non-vanishing forward-backward asymmetry for the reaction symmetry are only approximate
n+p->2H+n0 symmetries

I N F N National Institute for Nuclear I’Ilvsics ALMA MATER STUDIORUN

DI A
UNIVERSITA DI BOLOGNA
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NN scattering length, in the literature

a,,=-18.9+ 0.4 fm

In the literature mostly indirect methods can be ap, =-17.310.4 fm
found for the determination of a,,,, based on

deuteron breakup. -® ‘.

INFN National Institute for Nuclear Physics



NN scattering length, in the literature

In the literature mostly indirect methods can be
found for the determination of a,,,, based on

deuteron breakup. - @ “ — @

-12 T T
14 | ] -

-16 - I

18 + 4

app (fm)

-20 [ 2

-

-24 .

_26 1 1 1 1 1
10 20 30 40 50

Incoming particle energy (MeV)
INFN National Institute for Nuclear Physics
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NN scattering length, in the literature

HOT topic

Neutron-Neutron Scattering in Few:

Some considerations:

Outline: L

+ Review of nn scattering — personal =
perspective L

« Current Few-Nucleon Research at TUNL  geay
* nnQFS
= Planned ®H photodisintegration
= Photodisintegraion of '8O(y, 2n)
= 3He Photodisintegration

1. So far, experiments have determined the neutron-neutron
scattering length at fixed incoming-particle energy and/or at
limited angular coverage of the outgoing particles

By: Calvin R. Howel,
Duke University

Duke s necenrar FTHEE

NSCUFRIB Nuciear Seminar Series, March 31,2021 1

2. While the determination of a,, is quite complex; a,, is well
known and considered as a refence.

Q: How to go beyond the present knowledge on the topic?
A: by studying the trend of a,, (and a,,) as a function of energy.

PHYSICAL
REVIEW C 104, 024001 (2021)

Neutron-neutron scat ering length from the e(p, pa)nn reaction
e 1g length fi SH ', D) i

Matthias G e . 2 4 5
latthias Goi »""" Thomas Aumann ©,1.2.3 Carlos A. B i Tobias Frederico

thias Gébel k ) 'S A. Bertulani ©,* Tobia; i 3

B nHanS Werner Hammer ,1:6.3 apq Daniel R. Phillips ©7.1.6 :

°GS1 He

< Physics, Institut fiir Kernphysiy

hysics, whysik, 64289 Darmstads, Ge,

e G, P) 1, 64297 D, Germamy
lemy for FAIR, 64291 Darmsagy, Germany e

as ALM Universiyy.

~-Commerce, Commer,
s DCT mmerce, Commerce, Texas 754,
a, c7,.1., /g_ 228-900 80 José dos Campos, sp Braz;"ﬂ USA

? GmbH, 64. y
Astronomy, O, 291 Darmstad, Germany

io University, Athens, Ohio 45701, US4

} de A
N “Lrede Matter Insrinute Epgy, Gy gy
(nstiture g ! ,
© o Niuclear and Particle Physjcy and Deparmmen; ufP: isics and.
ics an

Measurement at

NFS in 2022 ?
INFN National Institute for Nuclear Physics



Measurement of a,, @ n_TOF

Active Target
Deuterated scintillator

neutron beam

INFN National Institute for Nuclear Physics

Area slow

n
5

hfs1

Neutron detector with
tracking capability

A. Musumarra et al.,
arXiv:2109.11543

hfs1

4

&

4

S

3

&

3

)
S @ 3 & &
RS LA LA LA RRNRARL) LA L) LRI RAR L

o

Entries 75075
Mean x 4.438
Meany 10.99
StdDevx  4.194

|SwDevy Particle

discrimination

o
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i
X17 @ n_TOF: (optimistic) timeline

Test of final

R&D of detectors configuration

Detector concepts
Monte Carlo

Tests and final Measurement

Test of the detector @ EAR2/EAR1

. configuration
active

target
prototype

INFN National Institute for Nuclear Physics ALMA MATER STU

DIORUM
UNIVERSITA DI BOLOGNA
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CINF

Year F&eer\;g)y Process Detected """ (:fth)a"”
1965 E,- =130 d(m—,y)nn noy —-164+19
1967 E, =144 d(n,p)nn p =2l o ]
1967 E, =144 d(n,p)nn p —2lo43—1
1967 E; =325 °H(d°He)nn  3He  —161+1.0
1972 E, =184 d(n,p)nn nn —145+0.8
1972 E, =49.6 d(n,p)nn p —21.74+1.2
1973 E, =141 d(n,p)nn p —18.3 1+ 02
1974 E, =143 d(n,p)nn nnp -16.0+1.2
1974 E, =143 d(n,p)nn nnp —16:8: 1.5
1975 E,=141 d(n,p)nn nnp —163+1.6
1975 E. =180 d{E 5 ma ny —-167+13
1977 E;=11 d(n,p)nn p —16.6+04
1977 E, =1398 d(n,p)nn p —16.6 £ 0.5
1979 Ey=27 d(n,p)nn p —16.9+0.6
1979 E,.- =170 d(m—,q)nn 0% —-1854+04
1987 E,- =220 d(n,7)nn nny —18.7+£0.6
1998 E,- =220 d(m,y)nn noy —18.6+0.4
1999 E, =13 d(n,p)nn nny —18.74+0.6
2000 E, =16.6 d(n,p)nn nnp —-162+03
2000 E,=253 d(n p)nn nnp —-16.3+04
2000 E, =25 d(n,p)nn nnp —16.27 £0.40
2005 E; =171  2H(d*He)nn ’He —18.3+0.4
2006 E, =13 d(n, p)nn nnp —18.6 +£0.7
2008 E,- =48 d(m~,y)nn nny —18.63 = 0.54

JWF

ALMA MATER STUDIO
UNIVERSITA DI BOLO!



e
X17

236 F.W.N. de Boer et al. / Physics Letters B 388 (1996) 235-240

o . “ Telesc ope schematic view

beam

diagnostics

g
/r[

A\
@:?\I corbon-ébre tube  RBS-detector chamber
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X17

/|
He

E;=0.9 MeV

3H+p

E,=1.7 MeV

10

"~

| E, [MeV]

32— 18.899

7Be +n

18.15

12— 17.732

|+

!
1

17.64
16.92

32~  17.254

2

16.63

11.40

= TLi+p

3.03

15.7 o,

0.0 1
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X17

LHCh Charm meson decay D*{2007)°—DA" A' —ee*
Mu3e Muon decay channel u* —e*v, ¥, (A" —ee)
VEPP-3 eet —A'y

KLOE-2 et = y(X — ee)

MESA &-beam on gaseous target, to produce A’

Darklight e-scattering of H gas target, to produce A’

HPS e-beamon W tostudy A’ — ee* and A’ —pp*
PADME e+ beam on diamond target ee’ — Xy

NAG4 eZ-reZ +X17

NSL %Be (A" —e-e+)

“BeP Be (A" —e-e+)

New JEDI  ®Be/°He/d... (A" —e-e+)

Montréal  Be (A" —e-e+)

NSCL Be (A" —e-e+)

IUAP CTU  ®Be and “He (A’ —e-e+)

n_TOF “He and *Be (A’ —e-e+) (proton and neutron beams)
MEG2 %Be

NUCLEX “Be

Other experiments involving people of INFN

@ LNL: "Li(p, et e~)®8Be NUCLEX
@ PSI: "Li(p, eT e~ )®Be MEGII
@ Belle Il

%
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X17

S. Abrahamyan, Phys. Rev. Lett. 107, 191804 (2011).
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Table and Figure: neutrons per pulse (frequency=1.2 sec)

Assuming:

p=8.21*10%! atoms/cm?
target lenght=10 cm
Duty Cycle=100%
efficiency=100%
acceptance=100%

%

) 3He(n,g)4He 3He(n,e+e-)4He 3He(n,X17)4He
En_min (eV) En_max (eV) gamma/pulse IPC/day X17/Day (vector) T_min (us) T_max (us)

1 10 0,8 120 3 411 1300
10 100 0,9 133 3 130 411
100 1000 1,0 150 4 41 130

1000 1E+04 1,2 182 5 13 41

1E+04 1E+05 2,1 324 8 4 13

1E+05 1E+06 15,7 2518 63 1,30 4
1E+06 1E+07 11,3 1812 45 0,41 1,30
TOTALI-> 33 5239 131 0,41 1300
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