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Introduction — n-mesic nuclei

n-mesic nucleus meson @
ul, dd, ss
4 .

i m, —547.86 MeV
I'=1.31keV
=1018

strong interaction I RE(BT]N) | >Im(aT]N)

attraction>absorption

mboumf: m4He + m?}’ - B

5

M. Skurzok, 21.10.19 (UJ) Search for n-mesic helium



Introduction — 7-mesic nuclei

Attractive and strong interaction between 7 and nucleon
R. Bhalerao, L. C. Liu, Phys. Lett. B54, 685 (1985)

Possible existence of n-mesic bound states postulated for atomic nuclei
with A>12
Q. Haider, L. C. Liu, Phys. Lett. B172, 257 (1986)

Recent theoretical studies of hadronic- and photoproduction of 7 meson
support the existence of light 7-mesic nuclei like (*He-7)p0un0 (*He-1)pound
Bs € (1,40) MeV, T € (1,45) MeV
dd — (*He-n)pound — Hepn~™: c=4.5 nb | pd — (®*He-1)pound — Xpm—: =80 nb
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Status of the search for n-mesic Helium at WASA

(4He_n)b0Uﬂd (3He'77)bound

e 2008: dd — 3Hepr e 2014:

reaction
- pd — 3He2v(3He67)
P. Adlarson et al., Phys. Rev. C87,

035204 (2013) reactions

O. Rundel, PhD Thesis (2018),
arxiv:1905.04544

e 2010: dd — 3Henr? and

decay of the n - meson while it is still "orbiting”

dd — 3Hepm~ reactions around a nucleus
P. Adlarson et al., Nucl. Phys. A 959, B 0 0
102-115 (2017) - pd — pppr~(ppnr®, dpm®)
M. Skurzok, P. Moskal, et al., Phys. reactions

Lett. B782, 6-12 (2018) A. Khreptak, Analysis in progress

ﬂ Talk

7) meson absorption and excitation of one of the nucleons to an 71 meson absorption and excitation of one of the nucleons to an
N* resonance, which subsequently decays into an N - 7 pair N* resonance, which subsequently decays into an N -7 pair
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Experimental method

> 70000
60000} simulation threshold dd—3Henn"
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Excitation function

(*He-1)poung existence manifested by resonant-like structure below 7
production threshold
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Search for (*He-1)pound with WASA-at-COSY

Exp. 186.1 & 186.2, FZ Jiilich,

Germany, 2008 and 2010 dd — 3Henn® | dd — 3Hepr~
P. Moskal, W. Krzemien, J. Smyrski,

COSY proposal No. 186.1 & 186.2 @ Measurement with the deuteron

beam momentum ramped and with
the deuteron pellet target

p [GeV/c] Q[Mev]
2.422 30
%
5
R
2

2.127 -70

t=70.3s

one beam cycle

Polarized and . .
Unpolarized @ Data were effectively taken with
lon Source

H A/ DB high acceptance (58%)

Cyclotron
JuLic
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Search for (*He-1)poung with WASA-at-COSY

Exp. 186.3, FZ Jiilich, Germany

2014
P. Moskal, W. Krzemien, M. Skurzok,
COSY proposal No. 186.3

Barrier Bucket
Cavity

Fast

.?lyJ"L:IIc(,;mn Polarized and
Unpolarized
lon Source
H H /D D"
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pd — pppr~ (ppnm®, dpr®)
pd — 3He2v (*He6)
@ Measurement with the proton

beam momentum ramped and with
the deuteron pellet target

p [GeV/c] Q [MeV]
1.615 30
o0
S
‘(\(’6
o
1.468 -70
t=94s

one beam cycle

@ Data were effectively taken with
high acceptance

Search for n-mesic helium



Kinematical mechanism of the reaction (via N*)

%—%

DEUTERON
FUSION

QD

CREATION OF
1-MESIC NUCLEUS
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dd — (*He-n)ps — 3Hepm™

SCHEME OF REACTION PROCESS,
IN WHICH n-MESIC NUCLEUS IS FORMED

ABSORPTION OF n MESON BY NUCLEON EXCITATION INSIDE
ONE OF NUCLEON INSIDE THE THE NUCLEUS —
N* RESONANCE FORMATION

Search for n-mesic helium
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Kinematical mechanism of the reaction (via N*)

dd — (*He-n)ps — Henn®

%% Y\

DEUTERON SCHEME OF REACTION PROCESS, 0
FUSION IN WHICH n-MESIC NUCLEUS IS FORMED / \
il
SHe, NEUTRON \
/ AND MESON 7
‘0 EMISSION
[
\( n Ip
L P ) )
\
o
CREATION OF
RESONANCE DECAY
1-MESIC NUCLEUS INTO PION AND.
PROTON INSIDE
NUCLEUS
ABSORPTION OF n MESON BY NUCLEON EXCITATION INSIDE
ONE OF NUCLEON INSIDE THE THE NUCLEUS

N* RESONANCE FORMATION
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Simulation of (*He-17)pound production and decay

Breit-Wigner distribution nEN = N*(1535) = Ntr = { p+m

. n+m°
—
N . .
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@ low 3He momentum in the CM
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Experiment-May 2008

@ Channel: dd — (*He-1)pound — Excitation function
3Hepr~ (norm: dd — 3Hen) o

@ Measurement: beam momentum =
ramped from 2.185GeV/c to 7 54:
2.400GeV/c = the range of ° : o
excess energy Q€(-51,22)MeV we SO e lS

Background: RG=a40,0+0.0° op BC=o4a,Q

L L L L L L
E 20 -0 O 0 20

Py

&l
5
4
8

@ Luminosity: L=118%

@ Acceptance: A=53%

=
[+ geometrical acceptancel £
E ) -
s0f- overall e-ﬂlclency s 3
wf 77* luminosity - i é
Erl b e T e i
5 :: :+++4—H*~‘.—*H«—~M+ sz %
2 F a2 @
S aof £ g
£ 25 s
@ 30 =
B . 2 i) 15 20 25 30 35
E 1 I [MeV]
-?0 -4‘0 -3‘0 -2‘0 -I‘D a 1‘0 2‘0
Q [MeV]
P. Adlarson et al., Phys. Rev. C87 (2013), 035204 RESULT: 0 4g_, (4He—n)poung—3Hepn— < 27 nb J
W. Krzemien, Ph. D Thesis, Jagiellonian University (2012) “
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Experiment-Nov/Dec 2010

@ Channels: dd — (*He-1)pound —

3Hepr— ANALYSIS:
dd — (*He-1)pound — Hent®

(norm: dd — 3Hen and dd — e Particles identification
PPnsp”sp)

@ Measurement: beam momentum e Selection bound state region
ramped from 2.127GeV/c to

2.422GeV /c = the range of
excess energy Q€(-70,30)MeV @ Determination of excitation

@ Luminosity: L:1200% functions
@ Acceptance: A=53% o o
@ Determination the upper limit

4 of the total cross section
about 10 times higher statistics than in

2008
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Search for (*He-n)poung in dd — 3HeN7 reaction | PID

Pellet Target

scs

50 cm
'H/Ahwrb.,

Forward Detector

The beam and
target
interaction point

SEC Iron Yoke
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Pellet Target
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Absorber
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The beam and
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interaction point
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Search for (*He-1)pound | Selection criterium
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"
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Determination of the upper limit of the total cross section

for dd — (*He-1)poung — 3HeN processes at CL=90%

dd — (*He-n))bouna — *Henr® dd — (*He-n) bouna — *Hepm™
—12 — 250
-g OGE —= DATA -g s [ —=DaTA
= 1000 o, g o 200 — poz .o
% oo o =
E — — 150 -
Goom Fo
L 100 = S
400 ;
2001 50;,
/6260 50 ~40 30 20 -10 0" 10 20 30 %0 760 50 40 30 20 -10 0 10 20 30
Q [MeV] Q [MeV]

2
%+BQ2+CQ+D

Breit-Wigner (signal) + pol2 (background)

simultaneous fit with

taking into account the isospin relation between the both of the considered channels:
P(N* — pr—)=2P(N* — nz0)

u

Bs,I - fixed parameters | A, B, C, D - free parameters || Uciigo% = k- 04, k=1.64 (for CL=90%)
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Determination of the upper limit of the total cross section

for dd — (*He-1)poung — 3Hepm~ process at CL=90%

u
UCii90% for olPP for
0,
dd — (*He-r — *Henr® CL=90% _
( ’)fifu"d dd — (*He-n)poung — *Hepr
irey — 12
2 2,
§" Excluded § 8 Excluded
30 %bd 6
4
2
5 10 15 20 25 30 35 40 45 50 0

5 10 15 20 25 30 35 40 45 50
T [MeV] T [MeV]

RESULT:

Udd_>(4He_n)bound_>3Hep7r7 < 7 nb

’ 2008: o < 27 nb
More details in: P. Adlarson et al., Nucl. Phys. A 959, 102-115 (2017)

RESULT:
O dd— (*He—1) poung—*Henm® < 3.5 nb
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Comparison with N. lkeno et al. model prediction

[

Arbitrary unit

N. lkeno, H. Nagahiro, D. Jido, S. Hirenzaki, Eur. Phys. J. A 53, 194 (2017)
total cross sections for the dd — (4He—n)b,,u,,d — 3HeNr reaction determined based on
phenomenological calculations
the model reproduced the data on the dd — “He 7 reaction quite well
O=0conv+0Tesc
Oconv - determined for different parameters Vo and Wy of a spherical n-*He optical
potential V(r) = (Vo + iWO)zZES; (the total cross section in the subthreshold excess
energy region where the 1 meson is absorbed by the nucleus)
normalization in the sense that the escape part reproduces the measured cross sections
for the dd — *Hen process

(Vy;W,)=-(70,20)MeV (VW)=-(70,20)MeV
70¢ = 3
E 15 E
60 S 60
E > £
50 g
a0 S a0
30F < sof
20 i\ 20
10F \ 10F
E \\ E
| . . . — ST L .
Q518 16 5 0 5 10 15 67760750 40 30 20 -10 0 10 20 30
Q [MeV] Q [MeV]
o — OTconv Spectrum convoluted with
Oconv - - the experimental resolution functions
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Comparison with N. lkeno et al. model prediction

dd — (*He-n)poung — Henm®

4

g 1 200;— - ::I:" 1a-263,1.50)
0N 1000F — signal
800E — Signal+Beg(pol2)
GOOM
400?
200?

680650 46 -30 20 10 010 20 30
Q [MeV]

dd — (4He—77)bou,,d — 3Hep7r_

{8

[ — DATA
2001 pol2 §A=(5A27,a.no)
[ — signal
150 — Signal+Bcg(pol2)
[+
E e bt
100 e |
50F

1 L L 1 TR S = = TN —s N |
076766756 4630 20 10 0 10 20 30
Q [MeV]

Tpr0(Q) = 1A Theory(Q) + B1Q? + C1Q + Dy
Opr—(Q) = 5A- Theory(Q) + B2Q? + G Q + D>

isospin relation between the both of the considered channels

Theory(Q) - theoretical function after binning with the amplitude normalized to unity
B12Q? + C12Q + D12 - polynomial of the second order

Fit performed for theoretical spectra obtained for different optical potential parameters (Vo, W)
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Comparison with N. lkeno et al. model prediction

results obtained for different

optical potential parameters
Wy [MeV]

(V()’ WO) 40 35 30 25 20 15 10 S5/ Ol)

Vo [ Wo [ A(fit) [nb] | oSL=9% [nb] 2
-30 -5 -5.0+3.9 6.5 40nb

-30 | -20 -2.24+3.5 5.8 m
-30 | -40 | 0.2+338 6.3 &
50 | -5 | 01+38 6.3 o &
50 | -20 | 3.34+4.1 6.8 -
-50 | -40 6.0+4.2 6.9 N
-70 -5 6.4+4.5 7.4

-70 | -20 7.9+4.5 7.4 .
-70 | -40 7.5+3.7 6.1
-100 -5 6.3+4.5 7.4 Contour plot of the theoretically determined
100 | -20 6.9+3.0 6.4 conversion cross section in Vy — Wy plane.
-100 | -40 5.3+3.1 5.2

The allowed parameter space (| Vg| <~ 60 MeV and |Wy| < ~ 7 MeV) excludes most optical
model predictions of 7—*He nuclei except for some loosely bound narrow states.

More details in: M. Skurzok, P. Moskal, et al., Phys. Lett. B708, 6-12 (2018)
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Search for (*He-1)poung with WASA-at-COSY

owrv
L)

B Smyski

® May

@ Mersmam

*

dd-ng (x25)

e ddone it

10 12 14

Opd—s3He—n ~2 250 dd_s4He—y

About 2 weeks of measurement

(L ~ 2500-%)

M. Skurzok, 21.10.19 (UJ)

— dpon°He 2polefit |

Measurement: ppe,m : 1.468-1.615GeV /c,
Q&(-70,30)MeV

Channels:

@ Via the resonance decay N*:
1) pd = (*He-n)pound — pPPT~
2) pd — (3He'n)bound — Ppnﬂ'o
3) pd — (3He‘n)bound - dP7T0
Aleksander Khreptak — Talk

@ Absorption of orbiting n
4) pd - (3He'n)bound — 3He 2'7
5) pd — (*He-n)pound — *He 6

before the reaction after the reaction

Search for n-mesic helium



Simulation of (*He-1)poung production and decay

before the reaction

after the reaction

Y

/ He spectator

o — 8 ( @ﬁ, o

proton beam
deuteron target

3He-n bound state
3 H 2 _ 2
@ °He is spectator [Ps.,|" = mj,

@ Fermi momentum distribution of the n
meson in 3He-n bound system

23 (VO,W0)=-(75,20) MeV

b (80,20) MeV
— (Vo-Wa) [MeV] | (B, 2I) [MeV]
S -(90,20) MeV -(75,20) (-1.02,15.60)
2 -(80,20) (-6.19,17.39)
= ot -(90,20) (-11.10,20.59)
NQ.
N,.; on wave functions
= e in p-space
o
- for 3He case

° L) 10 200 00 a0 500 600 o 200 ©00 1000

p MeV/c]

@ bound 7 decays to 2v or 370

M. Skurzok, 21.10.19 (U

Structure of hypothetical 3He-n bound state
can be described as a solution of Klein-Gordon
equation:

[—97 + 122 + 2000t ()| (7) = E3c(7)

where: Exg - Klein -Gordon energy, 1 - 3He-n
reduced mass,

optical potential:
Uopt(r) = (Vo + iW0) 22

where: p(r) - density distr. for 3He, pg - normal
nuclear density

KG equation solved for several sets of (Vo, W)

(8
Exe, ¥(7)

— M. Skurzok, S. Hirenzaki,
arxiv:1908.03429, accepted in NPA

Search for n-mesic helium



Search for (3He-n)pouna | Selection criteria

pd — (3Hen)pound —>He2y Require 3He track in Forward
Detector

Pellet line
s MDC FTH Reconstructable tracks. Identified as 3He.

Solenoid

SEC

cos ¢ 100 200 300 0 100 200 300
bear Ergen, MeV Erap, MeV

and two ~ tracks in Central
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FRH

soem

Iron yoke :
Central Detector Forward Detector

Bound state Bound state Bound state Bound state
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Data Data Data oata
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cut aut 1600 at 100 piean
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S . P g 600 $ iso
Sy h 9 s S o0 4 %0 %
200 £ .
0 e o ] o i .
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Determination of the upper limit of the total cross section

for pd — (3He-n)pound — 3He2y(67y) processes at CL=90%

3 3 3 3
pd — (*He-n)pound — “He2~y pd — (*He-n)pound — “Heby
pd->3He2y B=-13.75 MeV; '=28.75 MeV pd—>3He6v B=-13.75 MeV; '=28.75 MeV
@ 40 T T T 43 50 T T T
4 35 data ——— g 45 data ——— _
S bg+signal S 40 - bg+3|gnal _
2 30 b n 2
¥ 25 [l = o : s 37 & ]
3 [ttt 8 30 - # .
£ 2 tﬁ;@ﬂv 1 5 25 - T ﬂ it }*‘ g
E 151 T ml : E 20 - .
2 ol 2 15
-70 -60 -50 -40 -30 -20 -10 0 10 -70 -60 -50 -40 -30 -20 -10 0 10
QaHen MeV Qapjen, MeV
AT?/4

simultaneous fit with Pndscaym + BQR+ C

Breit-Wigner (signal) + pol2 (background)

where Py gecay are branching ratios for n decays:
Py _2,=0.3941, P 0.3268

n—370=

Bs,I - fixed parameters | A, B, C - free parameters || o = A +k - 0p, k=1.64(for CL=90%)

CL:QO%
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Determination of the upper limit of the total cross section

for pd — (3He-1)pound — 3He2y(67) process at CL=90%

; 0 ¢1%90% f°r3 PRELIMINARY
pd = (PHe-n)bound — *He27(67) slight indication of the signal from the
\ bound state for [ > 20 MeV and
Width = 28.75 MeV Bs € (015) MeV
2 ! ' ‘Fit resut ‘\ — U«
Srstematics However, the observed indication is

within the range of the systematic error

g . 4
sl T //H\ | we cannot make a definite conclusion
’/I Hju\g 7/H \u here on possible bound state formation
ok 1L ST N ‘
Peak position, Mev Previous result:
COSY-11
RESULT: T pd— (3He—n)poung—3Hemo < 10 nb

O pd— (*He—n)poung—*He2v(67) < 15 nb J. Smyrski et al., Nucl. Phys. A 790 (2007) 438
More details in: O. Rundel, PhD Thesis (2018), arxiv:1905.04544
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Summary of the search for n-mesic Helium at WASA

(3He‘77)bound
(4He'77)bound

e 2014: pd — 3He2v and

© 2008: dd — *Hepn~ pd — 3Heb6~ reactions

reaction

o-dd—>(4He_7))bound_)3HeP7T_ < 27 nb

Udp_)(3He_n)bound_>3He2'Y(6’Y) < 15 nb J

‘ PRELIMINARY
@ 2010: dd — 3Henn® and e 2014: pd —
dd — 3Heprm~ reactions pppr~ (ppnm®, dpm®)
2 b reactions
g dHe_ 3Hepr— < [ N
dd_)( He n)bound_> Hep J| A Khreptak,
O dd—(*He—n)boung—3Henn® < 3.5 nb J Analysis in progress
Talk
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Summary and Conclusions

@ Search for n-mesic helium was carried out using the ramped
beam technique.

@ No bound state signal visible in 2008 data (upper limit of the
total cross section for the bound state production determined)

@ 2010 measurement doesn’t show a narrow signal of 7-mesic
nuclei in dd — 3Henn® and dd — 3Hepn~ channels

@ 2014 measurement doesn’t show a narrow signal of n-mesic
nuclei in pd — 3He2v and pd — 3He6~ channels

@ The upper limits for dd — (*He-1)poung — *Hepm™
and dd — (*He-n)poung — HenmCreaction in order of few nb!

@ The upper limits for pd — *He2~(67) reactions < 15 nb!
@ Analysis in progress for pd — pppr—(ppnm®, dpm®) channels
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Thank you for attention

Chi
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indications of the existence of the *He-n bound state

H 4 2 o
total cross section  dd — “He-n |f* = Ee
n
D P O R R R I 0
504 L
15+ -
404 L
%
2 10 E g L
© N:w
20 L
5 & Frascaia - @ Frascaria
o Willis . 104 m Wilis k
X Wronska 4 Wronska [3
@ GEM . ® GEM
00‘ "o 40 e 8 100 120 0w 00z 004 006 008 010 012
pn (MeV/c) p“ (GeVic)

R. Frascaria et al., Phys. Rev. C50, 573 (1994)

N. Willis et al., Phys. Lett. B406, 14 (1997)

A. Wronska et al., Eur. Phys. J. A26, 421428 (2005)
A. Budzanowski et al., Nucl. Phys. A821, 193 (2009)
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Exp. indications of the existence of the *He-n bound state

20 10
Theoretical constraints: model for
- 5 the ndHe scattering amplitude in
- nuclear medium based on excitation
15 = oF of N*(1535) and its modification in
g 5& medium J
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Ful fit & -25;
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B N A R 35,
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0.07 Bump structure below
threshold related to the fast
o~ 008 _— increase of the dd->4Hen
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J.-J. Xie et al., Eur. Phys. J. A55 no.1, 6 (2019)
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Exp. indications of the existence of the 3He-n bound state

total cross section pd — 3Hen 9200 — ge(1 — acosh,)

500
045 o COSY-11
(| = ANKE
oo 03 This fit
0.2
o300
g 0.1
© 200+ 3 0.0 <-ag---t& 2
» COSY-11 01k %
100 »  ANKE
‘ s ANKE-corrected 0.2F }
1 This fit 03k
oLE . . " ’ " ‘ . ‘ ‘
0 2 4 6 8 10 12 0 20 40 60 80 100
Q (MeV) P, (MeV)

I
J.-J. Xie, et al., Phys. Rev. C 95, 015202 (2017)

"weakly bound 3He-n state with binding energy of the order of 0.3 MeV and a
width of the order of 3 MeV", a,34e = [(2.23 +1.29) — i(4.89 + 0.57)] fm
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Search for (*He-1)pound | Selection criteria

- 225000
Experiment: £ DATA: dd - *Heme®
— 3 I - : - el
dd — *Henn® 200001 , -
— 44> Hepr F — DATA: dd — *Hepr
Simulation: 150001 — Simulation:
— dd — *Hen_ — *Henn® L ddﬂ"Henbsa°Hem[°
o 100001
5000f
. L 0
06 08 1 1.2 0 005 01 015 0.2 grh25 0.3
pf:‘e [GeV/c] Ein, [GeV]
= r =120001
10000; — DATA: dd — *Henn® 10000i —DATA: dd — *Henn®
80001 — DATA: dd - SHepr' [ —DATA:dd — *Hepr’
E — Simulation: 80001 —simulation:
6000 ot s E dd o Hen,, - Hem?
F - *Hen_ - *Henn® 6000~ — e, — “rent
4000 4000C
2000¢ 2000~
0= L 1 L - L L L L L 1
0 01 02 03 04 05 0.6cm0.7 0.8 100 110 120 130 140 150 160‘:"!70 180
Eyin,. [GeV] 6 [deg]
DATA: dd — 3Hepn— Signal: dd — (*He-n)poung — Henm®

DATA: dd — 3Henn® — 3Henvy
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Determination of the total cross section for dd — 3Henn® reaction

Excitation function

6000

Cross section

2 6000
__N@Q) 5000
"(Q=ro@

N - number of experimental events 3000
2000

L - integrated luminosity 1000

e - full detection efficiency B 40 010" 0 40 g0

Integrated luminosity
dd — ppnspnsp

Efficiency
dd — (*He-1)pound — Henm®

a=(2.73+0.50)10° [nb” MeV ]
b=(-3.64+3.23)10* [nb " MeV'?]
c=(-1.0t£0.06)10" [nb™' MeV']
d=(66.30+0.17) [nb ]

o )

o 9E ~*Geometrical acceptance <

c =

I - Efficiency =

= =

Q — experimental points

8 SR " | — fit pol3: aQ®+bQ%+cQird
Q

I L I I I | | L L
=70 -60 -50 -40 -30 -20 -10 0 10 20 30

%6 80"50 40 30 20 10 010 20 50

Q [MeV] Q [MeV] .
from simulations: ¢ — xacc dd — pp3n5pn5p: L:(1329:i:25taf:I:lOBsyst:i:64,m,m)nib1
'gen dd — “Hen: L=(1102£2tat £285yst 107 norm )b
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Determination of the total cross section for dd — 3Hepm~ reaction

Cross section Excitation function

N(Q) = 3000
o Q ==/ 25001~
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1000
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Systematics

Main contribution: assumption that N* resonance has a momentum
distribution identical to the distribution of nucleons inside He

=)

N'-"He bindi ng energy
——- E;=-36MeV

—— E=—478 McV
n-"He (E,=-20.6 MeV)

47 T(p) [GeV']

0.3 0.4

0 0.1

0.2
p[GeVic]
N*-3He momentum distribution determined by prof. Neelima G. Kelkar
The elementary NN* — NN* interaction was constructed within a 7 plus 7 meson exchange
model and the N* -nucleus potential was then obtained by folding the elementary NN*
interaction with a nuclear density. A couple of possible bound states of the N* - 3He system,
depending on the choice of the TNN* and nNNN* coupling constants were predicted.

Details:

N. G. Kelkar, Eur. Phys. J. A 52 (2016) 309.
N. G. Kelkar, D. Bedoya Ferro, P. Moskal, Acta Phys. ‘Pol. B 47 (2016) 299.
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Search for (*He-1)poung with COSY-11

Exp. 142, FZ Jiilich, Germany, 2005 dp — *Her® | dp — pppr™
P. Moskal, W. Krzemien, J. Smyrski,
COSY proposal No. 142 (2004) @ Measurement

-with the deuteron beam momentum

varied continuously within each

cycle from 3.095 - 3.180 GeV/c

crossing 3Hen kinematic threshold at
CoSsY Pbeam = 3.141 GeV/c

. ea/m"“e -with the proton cluster target

p [GeV/c] Q[MeV]
3.180 9
3.141 |------mm e Ao
dp->3Hen Q\(\%
N <
S3
3.095 -10

one beam cycle
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Search for (*He-1)poung with COSY-11

Prean [GEV/C1
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missing mass [GeV,/c?]
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dp elastic scattering
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J. Smyrski et al., Nucl. Phys. A790, 438 (2007)

RESULT: 04y, (3t —n)poung s 3Her® < 70 nb
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Search for (*He-1)poung with COSY-11
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W. Krzemien et al., Int. J. Mod. Phys. A24,

M. Skurzok, 21.10.19 (UJ)

576 (2009)
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Analysis of pd — (*He-1)pound

before the reaction

°o— &

proton beam

deuteron target

(8

3He-n bound state

— 3He 2~ process

after the reaction

8-
/ 3He spectator

15 (VO,W0)=-(75,20) MeV
a (80,20) MeV i — 3
— (Vo, Wo) [MoV] [ (B..20) [McV
o o -(90,20) MeV 7(7539[‘03 ] (-0 L.GD] ° He speCtator
z ~(80.20) (6.1 )
= -(90,20) (-11.10,20.59) . 2 2
o = . =4/ Mm ;
{\% " wave functions He p3He 3He —|— pferm,'
2 inp-space distributed isotropically
- for 3He case
02 ° Pnbound = Pp + Pd - P3He :>
e Myt = | Prsouna

p IMeV/c]

S. Hirenzaki, H. Nagahiro, Private

communication (2016
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Search for (3He-n)pouna | Selection criteria

pd % Reconstructable tracks Identified as 3He
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Search for (3He-n)pouna | Selection criteria

Events count
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