Detector for Exotic Nuclear M atter Sudies

B.J.Roy, V.Jha, P.Shukla, A.Chatterjee
Nuclear Physics Division, BARC, Mumbai

and

PK.Biswas, S.Guha, S.B.Jawale, R.Balasubramaniam
Centre of Design and Manufacture, BARC, Mumbai

A large acceptance plastic scin-
tillator detector “ENSTAR” with
sate-of-art fibreoptics readout has
been designed and built & BARC for
studies of a new form of nuclear
matter- ‘h-mesic’ nucleus( A), a
bound system of h-meson and
nucleus. The h-mesic nuclel, which
are s0lely theresult of strong inter-
actions, are a new kind of atomic
nuclei and their research hasfunda-
mental significance in studying
in-medium propertiesof hadrons, in
particular, medium modification of
meson masses. Theinformationon
the binding energy and width of such
guasi-bound systems can be useful

in understanding the origin of
elementary particle masses. The
experimental confirmation of the
existence of such h-bound system
will lead to new possibilities of
studying theinteraction between a
nucleus and theshort lived (~108s)
h meson.

Beams of h-mesons cannot be
obtained because of the very short
life time of the h- meson. The only
way to sudy eta-nucleusinteraction
isto produce etamesonsinanuclear
reaction where they appear asfina
state particles. It is planned to
produce and study these h-mesic
nuclei in several reactions

Fig.1: ENSTAR detector

eg. p+t°Li®e3*He+(*He,),
p+*?C®3*He+('°B,) and
p+°0® *He+(**N,) at the multi-
GeV hadron accelerator COSY,
Juelich, Germany. The cooler syn-
chrotron COSY, a medium energy
accelerator, consistsof acyclotron
as injector and a storage ring that
ddiversboth protonsand deuterons
(un-polarized and polarized) upto a
maximum momentumof 3.3 GeV/c
withanoptionfor cooled beam—that
isabeamwith avery smal diameter
and divergence. Severd experimen-
td stationsarelocated insdethering
aswell asat the extracted beamline.
For the present experiment, which
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will be performed at theexternal tar-
get station, recoil freekinemeticscon-
ditionswill be used by choosing the
momentum of the proton beam so
that h is produced with very small
momentum thereby increasing the
probability of bound sate formation.
Theestimated crosssectionfor such
events is only a few nano-barn,
hence, adedicated detection system
is needed and has been set-up to
achieve unambiguous signa for
formation and decay of the - h
nucleus bound state. The h -bound

and two layersof scintillator hodo-
scopesfor timeof flight information.
Triple coincidence between the
ENSTAR and Bigkarl will ensure
elimination of back-ground and
selection of true events. The
ENSTAR detector, inadditionto the
h -bound states search, will be used
in many other experiments where
ever themissng massdetermination
isto bedonein coincidencewith the
decay productse.g., inthe searchfor
narrow nuclear D Satesin recoil free
reactionswherethe decay products
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Fig 2 : The experimental setup

state decay is related to
‘h +N'® N"(1488)® Np . The newly
built detector ENSTAR (Fig.1) will
register these decay products,
namely, protonsand pionswhile®*He
will be detected by ahigh resolution
magnetic spectrometer BigKarl. The
experimental set-up is shown in
Fg.2.

The ENSTAR will be mounted,
asseeninthefigure, around thetar-
get. Atarget ladder isa the centre of
Detector ENSTAR. The spectrom-
eter isequipped with, atits  foca
plane, two sets of multi-wire drift
chambers for position information

of D states will be detected by this
detector.

Detector design and congtruction
details

Detailed MonteCarlo phase
space calculations have been per-
formed for formation and decay of
h-mesic nuclel and GEANT smula-
tions are studied to generate the
detector responseto thedecay prod-
ucts. Thedetector designisbasedon
thesesimulationresults. The detec-
tor, assembled around a carbon
fibre beam pipe83 mm j (Fig.3),is
made up of two identical cylinders
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Fig.3 Scattering chamber made of
1.5 mm carbon fibre around which
ENSTAR s assembled.

each congsting of three layers of
plastic scintillator. The two cylin-
ders are placed on either side of
target leaving sufficient space for
mounting of asolid target. A more
complicated liquid target chamber
can aswell beaccommodated with
some modification in the detector
support structure. Each layer of
ENSTAR isdivided into anumber
of piecesto obtaing,j information.
Theparticleidentificationinformetion
can begenerated fromenergy lossin
variouslayers. Atotal of 122 pieces
of different shapes and dimensions
give three concentric cylinders on
assembly (Fig.4). Theoveral dimen-
sion of ENSTAR is 700 mm in
diameter and 780 mminlength.
Because of the complicated
geometry of thepresent detector, the
conventional method of use of light
guidesfor scintillator readout wasnot
practicable. Instead theideaof using
wavelength shifting (WLS) optical
fibresareinvoked. The WL Sfibres
absorb light that is produced in a
scintillator volume (during the pas-
sageof acharged particleinascin-
tillation medium) and subsequently
re-emit at a different wave length,
hencethe name wave length shifter.
Thelight thustrapped inthefibreis
guided by tota internal reflectionto
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Fig.4. A schematic view of ENSTAR.
Some parts of the detector are removed
in this figure for better visualization of
the inside part.

the open end of thefibrewhereitis
finally read by photomultiplier tubes
(PMT). The optical fibres with
absorption spectrumthat matchesthe
emission spectrumof the scintillator
arechosen and the PMTsthat have
enhanced sensitivity to the emisson
spectrum of thefibre aretaken.

Scintillator grooving, fibre
coupling and polishing

Efficient light collection requires
good optical coupling between
scintillators and WLS fibres. The
fibres were coupled to the

scintillatorsby machining grooveson
the scintillators and fixing fibreson
these grooves (Fig.5). The dimen-
sonsof thegroovesaresuchthat the
fibres are embedded in the
scintillators. Themachining wasdone
a the Central Workshop, BARC.
A separate study was made for the
optimization of number of fibresand
grooves. Thetotal length of optical
fibre (diameter 1 mm) used is
~8km.

A good surfacefinishing and pol-
ishing of boththe ends of fibres, are
amust and have been achieved by
different techniques. At one end of
thefibrethat isattached to the scin-
tillator, ahighly reflective anodized
auminum sheet (known asEverBrite
mirror) has been put to reflect back
the light from thisend. The other
openend of all thefibresof individual
scintillator pieces were bundled
together and were glued inside a
2.54 mm diameter Perspex tube
known as‘ Cooki€' whichwasthen
coupledto PMT. All 122 piecesare
readout by separate PMTs. The
cintillatorsarecovered by adiffusely
reflecting foil of Tyvek paper and

werefinaly medelight tight by black
tedlar foils. The whole detector is
assembled onastainless sted stand
gitting on a movable trolley. The
completestructurealong withPMTs
connected waslifted by acranefor
transporting and mounting insdethe
BigKarl target area.

ENSTAR test results

A number of test measurements
have been carried out &t BARC dur-
ing the congtruction of the detector.

Thein-beamtesting of the detec-
tor infull assembled condition with
itsall 122 piecesisdoneat COSY,
in several stages. Different nuclear
reactions (pp elastic scattering,
pp® dp*, p+ heavy target’) are used
aswell as cosmic ray data are col-
lected. Coincidence data (coinci-
dence between ENSTAR and
Bigkarl spectrometer, a2-fold coin-
cidence between different elements
iNENSTAR) areaso collected. The
test results are satisfactorily good.
Themethodology is established for
obtaining relative gains between dif-
ferent pieces and absolute calibra-
tion.

Fig.5 Some pieces of scintilattors with fibres coupl ed.

3


http://www.pdffactory.com

