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Introduction / Motivation

Motivation

@ Search for new kinds of nuclear matter

@ Investigation of 1 and n' interaction with nucleons inside
a nuclear matter

e Study of N*(1535) properties in nuclear matter
D. Jido, H. Nagahiro, S. Hirenzaki, Phys. Rev. C66, 045202 (2002)
S. Hirenzaki et al., Acta Phys. Polon. B41, 2211 (2010)

@ Information about 7, 7' meson structure (contribution of the

flavour singlet component of the quark-gluon wave function)
S. D. Bass, A. W. Thomas, Phys. Lett. B634, 368 (2006)
S. Hirenzaki, H. Nagahiro, Acta Phys.Polon. B45, 619 (2014)
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Introduction / Motivation

n-mesic bound state

Re ar;f—r.'uc.-’eus < 0

Conditions for the existence :>
|Rea

of eta-mesic nuclei

n-nucleus n-nucleus

> |Ima

Attractive interaction between 77 and N
R. Bhalerao, L. C. Liu, Phys. Lett. B54, 685 (1985)

|

possible existence of 7-mesic bound state for A>12
Q. Haider, L. C. Liu, Phys. Lett. B172, 257 (1936)
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Introduction / Motivation

n-mesic bound state

Overview of n-nucleon interactions: Some n-mesic calculations

0.18fm < ReanN <1.03fm

S. Hirenzaki — todays talk
0.16 fm< ImanN <0.49 fm
N. G. Kelkar — todays talk

N. G. Kelkar et al., Rep. Prog. Phys. 76 (2013) 066301
N. Barnea, E. Friedman, A. Gal
http://arxiv.org/abs/1505.02588

B. Krusche, C. Wilkon
Progress in Particle and Nuclear Physics 80 (2015) 43 E. Friedman, A. Gal and J. Mares,

Phys. Lett. B725 (2013) 334.

H. Machner
http://arxiv.org/abs/1410.6023 S. Wycech, W. Krzemien.

Acta Phys. Polon. B 45 (2014) 745
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Introduction / Motivation

Exp. indications of the *He-n bound state existence
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R. Frascaria et al., Phys. Rev. C50, (1994) 573

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

A. Wronska et al., Eur. Phys. J. A26, (2005) 421428
A. Budzanowski et al., Nucl. Phys. A821, (2009) 193
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Search for r-mesic “He with WASA-at-COSY

Production of *He-n in dd collision

dd—)(ﬁLHe—mbS —>d p pr
(4H€_77)b5 —>Tprn" =>Tpyy
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Search for r-mesic “He with WASA-at-COSY

Kinematical mechanism of the reaction

dd — (*He-n)ps — Hepm™
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Search for r-mesic “He with WASA-at-COSY

Kinematical mechanism of the reaction

dd — (*He-n)ps — Henr®
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Search for r-mesic “He with WASA-at-COSY

Search for n-mesic nuclei with WASA-at-COSY

dd — (*He-1)ps — *Hepm~
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Search for r-mesic “He with WASA-at-COSY

Search for n-mesic nuclei with WASA-at-COSY

dd — (*He-1))ps — Henn®
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Search for r-mesic “He with WASA-at-COSY

Experimental method

dd — 3Hen® — 3Heny~
dd — (*He-n)ps — *Henm® — 3Heny-
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Excitation function

(*He-n)ps existence manifested by resonant-like structure below 7
production threshold

Magdalena Skurzok, Wojciech Krzemien, Pawel Moskal Search for the 4He—=r;r bound state with WA SA-at-COSY



Experimental status

Experiment-May 2008

Channel: dd — (*He-1))ps — 3Hepr™ (norm: dd — 3Hen)
Measurement: performed with the beam momentum ramped
from 2.185GeV /c to 2.400GeV /c, corresponding to the range of
excess energy Qe(-51,22)MeV

Luminosity: Lzll%%

Acceptance: A=53%
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P. Adlarson et al., Phys. Rev. C%q? (2013), 035204; W_._Krzemien, PhD
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Experimental status

Experiment-Nov/Dec 2010

Beamtime: Nov 26 - Dec 13, 2010

Channels: dd — (*He-1))ps — *Hepr™
dd — (*He-n)ps — *Henm® — *Henyy

Measurement: performed with the beam momentum ramped

from 2.127GeV /c to 2.422GeV /c, corresponding to the
range of excess energy Q&(-70,30)MeV

Acceptance: A=53%

Luminosity: L%IIDE}# (dd — *Hen and dd — ppng,nsp)

|

More than 10 times higher statistics and two
reactions were collected than in 2008 experiment.
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Experimental status

MC Simulations - assumptions

Breit-Wigner distribution Spectator Model
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Experimental status

Kinematical mechanism of the reaction

n+ N = N*(1535) = N + 7 =

o relative N-7 angle in the CM: #N:m ~ 180°

cm
o low *He momentum in the CM
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Experimental status

3He identification in Forward Detector
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Experimental status

7% and neutron identification in Central Detector

r” identification neutron identification
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Experimental status

7~ and proton identification in Central Detector
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Experimental status

Kinematical conditions

PRELIMINARY
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Experimental status

dd — 3Henn® dd — 3Hepr~
PRELIMINARY
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Experimental status

Luminosity as a function of excess energy Q
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Experimental status

dd — 3Henn® dd — 3Hepr~
PRELIMINARY
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Experimental status

Upper limit of the total cross section at CL=90%
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Experimental status

Upper limit of the total cross section at CL=90%

dd — 3HenrY

dd — 3Hepn~

PRELIMINARY
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Experimental status

Upper limit of the total cross section at CL=90%

dd — 3HenrY

dd — 3Hepn~

PRELIMINARY
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Experimental status

Background studies dd — 3Henn®
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Summary

Summary and Conclusions

@ Exclusive measurement of the dd — *Hepr— and
dd — 3Henm? — 3Hen~~ reactions 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)

@ Preliminary result from 2010 measurement doesn't show a
narrow signal of 7-mesic nuclei

@ [ he upper limit of the total cross section in order of few

nb!
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New experiment in May-June 2014
May-June 2014

Channels:

p+d = (BHe-n)bound_) p+p+p+rn

p+d = (*He-n)
p+d = (*He-n)

bound

bound

Orbiting eta:
p+d = (CHe-n),,,,
Normalization:
pd — 3He n
pd — °He =n°
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Edep(PSB) [GeV]
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Summary

1. The deuteron beam momentum value pj..., is generated with uniform
probability density distribution in range of pg..,,, €(2.127,2.422) GeV
and then the square of invariant mass of the whole system s, is l'.'ll:'u-
lated using Eq. (5.2) presented in Sec. 5.2 while describing the simulation

of main reaction considered in this thesis.

b
-

The square root o(/544) is distributed randomly according to the distri-

bution presented as follows:

» Wonas
o(v'sad) = / PS(W) - BW (v/sagad — W — mag., I'n. , En-) - dW,
o W min

(D.1)
where:

L] I! 1'M.-" il Tl pgs HFI”'I

is the excess energy avaliable in the CM frame with minimum and max-

imum values equal to W,,;,, = 0 and W, .. = 5ga — Mgo — m,, — Mag,,
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Summary
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s a Breit Wigner distribution of N* resonance with energy E . —1535 AMel
and width I'y. 150 MeV. The BW distribution is presented schem atia

cally in Fig D.1 while o(/5;;) distribution in Fig D.2
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Lxeess energy available o the CA frame W ois distributed according to
the PSIW ) - BW {5 — W ittapge s Upre s Bpee } distribution.
The resonance mass my- 8 caleunlated as my- = 50 — W — magr,. and

ig limited, becanse of two conditions

® grepge oy, /s [the whole avaliable energy 15 used to prodouce AVF
and “He),

. = = 3
= aniye o atige b oy, (resopance mass should be enough to decay into

newtron and 7',

The newtron and pion momentum veectors are simulated isotropically in
the V° frame in spherical coordinates and t ransformed into Cartesian

coordinates. The absolute value of nentron and pion momenta p ™", is

fixed by equation (5.5) described in Sec. 5.2,

I'he gamma quanta are simulated isotropically i the =" frame in spher-

wcal coordinates with momenta 7% = e /2.

The lfour momentum vectors of *He, neutron and gamma quanta are

Search fc;r the “He—n bound state with WASA-at-COSY



70
60
50
40
30
20
10

L [1/nb]

Summary

total

luminosity

\

— experimental

— fit pol3: aQ®+bQ%+cQ+d
a=(2.73+0.50)10° [nb' MeV 7]
b=(-3.64+3.23)10 [nb™ MeV 7]
c=(-1.01t0.06)10 " [nb ' MeV ]
d=(66.30+0.17) [nb™"]

points

JP
-

"60 -50 -40 30 20 10 0 10 20 30

Q [GeV]

L10r=(132942)nb1
L:(1329 25f3f:

:1085},‘5{ L 64”@;"”}) ﬂb_l

Magdalena Skurzok, Wojciech Krzemien, Pawel Moskal Search for the 4He—'.r; bound state with WA SA-at-COSY



L(coso")

o) - -
E [
:.1000_—
2 800[
2
£ 600
g -
= 400:—
200

- PRELIMINARY
I I | I I l I I I I
(I:IBB 0.9 0.92 O 94 0 96 0 98
cosO”

[.,,=(110242)nb~*
I_:(].].O2 25m::285},5r::107”0”;.,);11::_1




	Slajd 1
	Slajd 2
	Slajd 3
	Slajd 4
	Slajd 5
	Slajd 6
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10
	Slajd 11
	Slajd 12
	Slajd 13
	Slajd 14
	Slajd 15
	Slajd 16
	Slajd 17
	Slajd 18
	Slajd 19
	Slajd 20
	Slajd 21
	Slajd 22
	Slajd 23
	Slajd 24
	Slajd 25
	Slajd 26
	Slajd 27
	Slajd 28
	Slajd 29
	Slajd 30
	Slajd 31
	Slajd 32
	Slajd 33
	Slajd 34
	Slajd 35
	Slajd 36

