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Light ion beams:  Alpha (28 -52 MeV), Proton (7 -12 MeV)
Heavy ion beams: 10, 2°Ne, 4%Ar, 32S (7-10 MeV/n)

__f K-500 Superconducting Cyclotron A
MeV/u

n
>

~ 10-80 MeV/u medium heavy ions
~ 5-20 MeV/nucleon for heaviest ions
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Major facilities developed and used at cyclotron
beamlines for Nuclear Physics Experiments
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%5\ Experiments to probe Nuclear Structure and
Reaction Dynamics

During past four decade&.-130 cyclotron habeen used extensively in exploring the
properties of nuclei witlow energy lighton aswell as heavy ions accelerated beain
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Detector Facilities
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Detector for High Resolution Gamma Spectroscopy
VECC array for NUclear Spectroscopy (VENUS)

Array of Compton Suppressed Clover  HPGe detectors at horizontal plane

T e
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Electronics and Data Acquisition of VENUS

A 16 channel Mesytec amplifiers
AEnergy and Time (ECL)

AECLto NIM converter

AOR of each Clover detector

p>X

Anticoincidence with BGO

AMultiplicity for Ge.ACS

ATrigger : Mg2 1(sing.)
ATrigger : Mg2 2 (coin.)
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Physics issues to be addressed with VENUS

AComplete yrast and non -yrast spectroscopy
Acdhorizontal spectroscopy 6

Aldentification  of single particle states

ASearch for exotic decays and shapes
AOQOctupole shape, gvibrational states, triaxiality
ANon-yrast excitations

A Shape coexistence

AMAlpha / proton induced fission
APopulation towards neutron -rich nuclei

Alsotopic yield distribution
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C VENUS is designed for 8 Compton Suppressed Clover Det.
C Distance : Variable, can be set as close as 22 cm from targe
C Individual detector tables with customized stands

A possible to set along with other detectors as required
C Can be put in variable angle depending on requirements.

n " " " " " . s
16 18 20 22 24 26 28 30 32
logqg(energy in keV)

C Efficiency at 1 MeV with 6 Comp. Sup. Clover ~1.1 %

Soumik Bhattacharya et. al. DAE Int. Symp. 2013

Wedge shaped table

Close to target chamber

VENUS appeared in the cover page of
Association of Asia Pacific Physical Soci
(AAPPS) Bulletin

Vol. 28 | Number 2 | APRIL 2018 Issue
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Indian National Gamma Array @ VECC
10 clover + 2 LEPS detectors
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Digital DAQ : XIA: PIXIE-16 12 bit 250 MHz (from UGC-DAE-CSR, Kolkata)
Support structure: from SINP, Kolkata
Detectors: from VECC, SINP, UGC-DAE-CSR, Kolkata.
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INGA upgraded support structure

A INGA support structuref SINP was modifiedvith addition of extra mounting plate
(by Mechanical Engineering Group, VEEC

A 12 clover detectors in INGA support structure

\ 4 positions to put large volume La@te) scintillators
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Add on: Fast scintillators for Lifetime Measurements

To be used with Clover HPGe Detectors

CeBr; scintillators: emerged as potential alternative to LaBr ;(Ce)
A Time resolution comparable to LaBr ,(Ce)
A Energy resolution slightly worse compared to LaBr ,(Ce)

A No internal activity J.M. Régis et al., NIM A 726 (201391
A Less costly compared to LaBr ;(Ce) F.G.A Quarati et al., NIM A 729 (2013) 59¢

A Some of the detectors have been used with VENUS ClR&edetectors
for lifetime measurements

A More will be added in future experiments

Theme Meeting on Scientific Opportunities of ANURIB Sarmishtha Bhattacharyya 25-04-2023


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFpsCMo-vkAhXr4nMBHRl9AwwQjRx6BAgBEAQ&url=https://en.wikipedia.org/wiki/Variable_Energy_Cyclotron_Centre&psig=AOvVaw0VLhgQ7qXJSeTqRA6ETxoj&ust=1569476764561510
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFpsCMo-vkAhXr4nMBHRl9AwwQjRx6BAgBEAQ&url=https://en.wikipedia.org/wiki/Variable_Energy_Cyclotron_Centre&psig=AOvVaw0VLhgQ7qXJSeTqRA6ETxoj&ust=1569476764561510

Characteristics of CeBrj,

5.0x10°

asx16® L T n r r sa00 & 1I;J~:;§|:;kev H I I
e e w00 I3 "MEkine | | Besttime resolution with
o _ " _ £ ; two 1.5#x1.5+ CeBr; for
3.0x10° |- e = 2 3 :FWHM = 199(2) ps 11731332keV : 19%2) ps
:I-’ 5000 »n . — = 5 = S 2000 . ':I
a € 25x10° o 2 2 s s rouo L]
54000- 8 20x10° > g g8 g o L.
T:, 3000 1.5x10° | E 2:, | 8 Y 360 362 ::"I:na (r:::}s 368  37.0
c 1.0x10° |- = & g . B
5 200 . ol J & o Lifetime measurements using
000 Tt et . 0o [ A= o Mirror Symmetric Centroid Difference (MSCD)
;m;—*;;—"'_'_i 0 125 250 375 750 1000 1250 1500
Uo 260 -ﬂ'm e('m srlm 10'00 12|oo 1450 EmeeayiieV) 209At q d T —_ 5 4h 209P
Energy (keV) e eCay ( 1/2 — . r) - (0]
209Bj(a,4n) 29At @ 52 MeV
SoumikBhattacharya et. al.
[ [ +
NIM A 1014, 165737 (2021) 2800 & 2%t spectrum| | 2912 | 9/2
SnehaDas et. al. 20010'} % 5 70 e 1z/or
C=zramps JINST 17, P9012 (2022 4 1.sx0} R /2y %
10° 3 9/2- 195 1522
400 © 40x10°F E ——UZX
102k Anti-delayed Delayed é
(344,779) (779,344) 30 (a) .k P
10'F 200 L 5.0x10’ E 782
u ! L M - A
AC=-171(2) ps 100 | 230 460 _ 690 020 1150 5/2- ¢y 545
1) 102’ —_ ol Energy(keV)
3o ol ——
© (eaa%9 ' E 200 L External CgFD delay = 5 ns ) AC=162(4) ps 1/ul_6
A TRIN | . ‘ 107 209
10° AC = 432(5) ps -300 | w lanti-delayed delayed Po
, -400 - T [(195,239) (239,195)
10% 500 L . . . . . . 3
Anti-delayed Delayed -
1017 (244,567)‘) (867,244) 0 200 400 600 800 1000 1200 1400 (@] TpI'CS. WOI"]:{ Tlit. [3 l ]
| L Energy (keV) 10"
Ll ‘ Al vy C S S
35 36 37 38 7 ‘: &) (p ) (]3 )
Time(ns) 5 O{i_ﬁl """" 1E"'T';"I""I" 98 (6) 97 (6)
f 0 A 1 ---------------- S 355 36.0 365 37.0 37.5 38.0
E -20- 1 L 1 1 1 1 L Time(nS)
0 200 400 600 800 1000 1200 1400
Theme Meeting on Scientific Opportuniues or Anuris ¢ >armishtha Bhattacharyya 25-04-2023


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFpsCMo-vkAhXr4nMBHRl9AwwQjRx6BAgBEAQ&url=https://en.wikipedia.org/wiki/Variable_Energy_Cyclotron_Centre&psig=AOvVaw0VLhgQ7qXJSeTqRA6ETxoj&ust=1569476764561510
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFpsCMo-vkAhXr4nMBHRl9AwwQjRx6BAgBEAQ&url=https://en.wikipedia.org/wiki/Variable_Energy_Cyclotron_Centre&psig=AOvVaw0VLhgQ7qXJSeTqRA6ETxoj&ust=1569476764561510

¥ <
7 seqpce O

CeBr; Fast Scintillators at VECC

Nuclear Inst. and Methods in Physics Research, A 1014 (2021) 165737 Nuclear Inst. and Methods in Physics Research, A 874 (2017) 103-112

Contents lists available at ScienceDirect Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

journal homepage: www.elsevier.com/locate/nima

VECC array for Nuclear fast Timing and angUlar corRElation studies (!) :

: H Tott " W A oy — ey el oy CrossMark
Er%ergy response and fast timing characteristics of 1.5"” x 1.5” CeBr; 1)) “(VENTURE)
scintillator s ) ‘ )
Soumik Bhattacharya ", Sneha Das “", S. Bhattacharyya ™", R. Banik "', Shabir Dar *", 5.5. Alam*", T, Bha‘nacchc ", D. Banerjee<, A. sah?mh{ Dicepek Paimle ‘ D.‘Monidal**,
Deepak Pandit*?, A. Choudhury?, K. Banerjee »", Debasish Mondal *", S. Mukhopadhyay *" S Mukhopadhyay®, Swrajit Pal?, P, Bhaskars, SKC Das™*%, S.R. Banegjee™
*Variale ey Cydoron Cere, 1/AF Bidh Nagar, Kl 700064, Inia * Hai Bt Nedonel st Mumbat, PIN- 400 094, i
b Homi Bhabha National Institute, Anushaktinagar, Mumbai, India © RCD-BARC, Variable Energy Cyclotron Centre, Kolkata, PIN - 700 064, India

Timing characteristics of the R13089-100 photomultiplier
tube coupled with 1.5” x 1.5” CeBrj3 scintillators and its
application in lifetime measurements

Sneha Das,” S. Bhattacharyya,”"”"* Soumik Bhattacharya,’:' R. Banik,* S. Chakraborty“
and Shabir Dar“-”

“Variable Energy Cyclotron Centre,
Kolkata-700064, India

S. Bhattacharya, S. Das, S. Bhattacharyya et al Nuclear Inst. and Methods in Physics Research, A 1014 (2021)
TCb?nlqparisomf differentsizes of CeByand LaBg(Ce) coupled to different PMT from literature
able

Comparison of properties of different size of fast scintillators coupled to various PMTs.*

Detector Size (D x H) PMT Ep,, (%) Tp.” Eff 4 corure 15— Reference
inch x inch type @662 keV (ps) @1173 keV @1173 keV

CeBr, 15x 15 R13089-100 4.1(1) 141(1) 47 x 107" @16 cm 0.134 Pres. work
CeBr, 1.5x 1.5 R6231-100 3.94(4) 423(14) 6.0 x 107" @15 cm® 0.150 [30]

CeBr, 1x1 R9779 5.0 109(1) ~1.2 x 107* @16 em* 0.076 [24,29]
CeBr, 1x1 XP20D0 5.0 146(2) 1.35 x 107* @15 cm 0.076 [24,28]
LaBr;(Ce) 1.5x 1.5 R9779 3.3 144(2) ~1.9 x 107* @25 em? 0.131 [13,37,38]
LaBr,(Ce) 1x1 R9779 3.4(1) 110(2) 1.1 x 107" @15 cm 0.062 [39,40]

2The best available values, reported in the references mentioned, are quoted.
byalue for a single detector at 1173-1332 keV gamma cascade of ®Co.
“Value from GEANT4 simulation as reported in Ref. [30].
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Segmented Low Energy Photon Spectrometer (LEPS)
ADD-ON to Clover HPGe

AComprised of a single crystal oftppe Germanium
A65 mm diameter and 11 mm depletion depth

AThe crystal is electrically segmented in 4 sectors
Aeach having 7 cfactive area
Apractically no dead zone between the segments.

AThe detectois configuredike a Clover detector

/&Beryllium entrance window of 300 micron thickness
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Resolution:
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Detectors for High Energy Gamma ray

Aim
To measure gamma rays from GDR decay in the range Eg= 5-30 MeV

Essential Criteria

A Large volume scintillator with high gamma detection efficiency

od time response to discriminate neutrons

Detector materials
Nal, BGO, BaF,

BaF, detectors satisfy both criteria and are
best for high energy photon spectroscopy
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& Large Area Modular BaF, Detector Array (LAMBDA)

U 162 BaF, Detector elements

U Detector dimension: 3.5 x 3.5 x 35 cm?3

c:

Fast, quartz window PMT (dia T 29mm,
Phillips XP2978)

Energy resolution: 16% at 1 MeV
Time resolution ~ 960 ps
Highly Granular & Modular in nature

Dedicated high density CAMAC
‘ , electronics system controlled remotely
— ” via Ethernet

Bare BaF, crystal i | | U Dedicated Linux based VME DAQ to
A , ~ U > register energy & time information from
each detector in event by event mode

c: c: c: c:

U Solid angle coverage ~ 6% of 4p

S. Mukhopadhyay et al, NIM A 582 (2007) 603
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Gamma Multiplicity Filter Array

U 50 BaF, Detector elements
U Detector dimension:
3.5x3.5x5cm?

U Fast, quartz window PMT
(diaT 29mm, Phillips
XP2978)

U Time resolution 450 ps

D. Pandit et al, NIM A 624 (2010) 148

@ Measurement of angular momentum in fusion event

@ Time start trigger for LAMBDA spectrometer
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Experimental Setup at K-130 cyclotron with
LAMBDA and Multiplicity Filter
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Available online at www.sciencedirect.com W
INSTRUMENTS

':;:’S ienceDirect & METHODS
¢ Scencelirec IN PHYSICS
RESEARCH
Nuclear Instruments and Methods in Physics Research A 582 (2007) 603-610 $
www.elsevier.com/locate/nima

LAMBDA: Large Area Modular BaF, Detector Array for the
measurement of high energy v rays

S. Mukhopadhyay®, Srijit Bhattacharya®, Deepak Pandit*, A. Ray®, Surajit Pal®, K. Banerjec®,
S. Kundu®, T.K. Rana®, S. Bhattacharya®, C. Bhattacharya®. A. De®, S.R. Banerjee™”
“Variable Energy Cyclotron Centre, |/ AF-Bidhannagar, Kolkata 700064, India

®Department of Physics, Darjeeling Government College, Darjeeling 734101, India
“Department of Physics, Raniganj Girls' College, Raniganj 713347, India

Nuclear Instruments and Methods in Physics Research A 624 (2010) 148-152

Contents lists available at ScienceDirect 2 e
Nuclear Instruments and Methods in e,

Physics Research A

journal homepage: www.elsevier.com/locate/nima e

A realistic technique for selection of angular momenta from hot nuclei:
A case study with *He + '"In — ''9Sb" at E;,, = 35MeV

Deepak Pandit?, S. Mukhopadhyay?, Srijit Bhattacharya®, Surajit Pal?, A. De€, S.R. Banerjee *

* Variable Energy Cyclotron Centre, 1/AF-Bidhannagar, Kolkata 700064, India
Y Department of Physics, Darjeeling Government College, Darjeeling 734101, India
© Department of Physics, Raniganj Girls' College, Raniganj 713358, India
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@ ‘A arged particle detector Array for £ inematic
neconstruction and Analysis (A A& 1A

Backward part Forward part

Extreme forward part

Forward part

V Ahigh-resolution, high-granularity 4-pi array for complete chargedparticle spectroscopy

V Unique tool for study of multi particle correlation, resonancespectroscopy,complete
calorimetry etc.
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ChAKRA: Purpose and Requirement

Studythe hot nuclear mater produced at Fermi energy domain

A Liquid Gas Phase Transition

A EOS of asymmetric nucleamatter

Physics to be addressed4 A Particle unstable state

A Equilibrium time scales

A Nuclear Compressibility

A Asymmetric nuclear matter and stellar evolution
A Super Heavi\Nuclei

iIrement for forward part A

A Should be capable of measuring both position and energy as well as
identifying all light charged particles (LCP) @ = 1, 2 and intermediate mass
fragments (IMF) in the range 3 @M 20 emitted in the reaction.

A Enable isotopic identification of all LCPs and IMFs at least up to &M 10.
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Forward part of ChAKRA

No. of Telescopes : 24
Angular coverage : N 70 <q<+ 4%

4xCslI(T) Crystals (6 cm)

DSSD- E (5001 m /Imm )
4

SSSD- DE (501 m)

16'Strips (h)

6 strips (V) 16 strips (V)

o

U The telescopes arranged in 5 columns with
five telescopes.

A. Distance from target : 20 cm U The central telescope removed for the
A Form spherical shape passage of the beam and the reaction
A Angular resolution: RD.4° products emitted in extreme forward angle.
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32 Plastic phoswich detectors.

Theme Meeting on Scientific Opportunities of ANURIB

(>3- ° 79
A Mostly LCP, elastic scattering and direct
reactions products
A High count rate with higher energy:.
A Detector: Plastic Phoswich Detector.
A Low radiation damage, High count rate
handling capability.
A Element: fast (100mm, 2ns, BC 408)/ Slow
(100 mm, 280ns, BC 444 ) organic  plastic
(PVT based) scintillator.
A No. of Detectors : 32 (area 20mm x 20 mm).
A Typical low energy threshold :
2 MeV/A for proton and alpha,
5 MeV/A for 180
11 MeV/A for 4°Ca

A Angular Resolution < 1°

A Distance from target : 40 cm

Extreme forward part of ChAKRA
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Backward part of ChAKRA

Angular coverage :N45% g < N170°

x Mostly light charged particles (LCP) will be emitted in the backward angle.
x  This part of the array will detect only LCP (Z=1,2)

x LCP can be identified using single CsI(Tl) crystal by PSD technique .

112 Csl(TI) detectors will be used.

In each ring,
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shape and size of
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Characterization and In-beam test of ChAKRA

Nuclear Inst. and Methods in Physics Research, A 943 (2019) 162411

Contents lists available at ScienceDirect

NUCLEAR
INSTRUMENTS
& METHODS

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

ChAKRA : The high resolution charged particle detector array at VECC R

Chack for
stes

Samir Kundu®™>*, T.K. Rana *°, C. Bhattacharya ~"*, K. Banerjee »°, R. Pandey?, Santu Manna >, = **
J.K. Meena?, A.K. Saha?, J.K. Sahoo?, P. Dhara *°, A. Dey *', D. Gupta ®?2, T.K. Ghosh #P,

Pratap Roy ", G. Mukherjee ", R. Mandal Saha ?, S. Roy?, S.R. Bajirao?, A. Sen ®°,

S. Bhattacharya >3

In-beam /ést of forward part In-beam test of CSI(Tl) In-beam test of phoswich
193 MeV 2°Ne + °Be | 50 MeV a + ?7Al 145 MeV %Ne + 12C

G. (QDC Channel Number)

& 235
G; (QDC Channel Number)
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VECC Neutron TOF array

4p coverage not possible because of cross talk

50 detectors having dimension 5 inch X 5 inch
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hin wall scattering chamber of wall thickness 3mm to
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place the ancillary detectors.

V Nuclear reaction dynamics studies

V Neutron energy Measurement using TOF

V Neutron Multiplicity measurement to obtain the Information of
excitation of the system

V Study of exotic structure of nucleus using multi-particle correlation
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U Figure of merit 1.5 (at 350 keVee)
U Efficiency 65% (at 2 MeV)

U Time resolution 1 ns

U PH resolution 10% (at 662 keV)

U Ancillary detectors will be kept at thin

walled (3 mm) scattering chamber

U 1 m diameter spherical chamber

u  3mm thick hemispherical segment

Fabrication of 50 detectors for
the VECC TOF array is completed
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Fabrication of the Neutron ToF Detector at VECC

3-mm-thick Aluminium
Xylene-based liquid scintillator BC501A
5in. PMT (model: 9823B; Electron Tube).

Internal walls of the cells were white painted for efficient light
collection.

Cleaning (removal) of any suspended particle

The scintillator liquid in the detector was thoroughly flushed
with dry nitrogen gas of purity (99.999%) to remove any
dissolved oxygen present in the liquid.

Liquid filling (vacuum suction technique)

A coil of thin Teflon tube is used as an expansion chamber
(10% of the detector volume) to take care of the thermal

expansion of the liquid.

Scintillator cells, sealed with 6-mm-thick Pyrex glass.
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Nuclear Instruments and Methods in Physics Research A 608 (2009) 440-446

Contents lists available at ScienceDirect I
Nuclear Instruments and Methods in o

Physics Research A

journal homepage: www.elsevier.com/locate/nima S

Variation of neutron detection characteristics with dimension of BC501A
neutron detector

K. Banerjee® T.K. Ghosh? S. Kundu? T.K. Rana? C. Bhattacharya?, J.K. Meena?, G. Mukherjee ?,
P. Mali?, D. Gupta®!, S. Mukhopadhyay ?, D. Pandit?, S.R. Banerjee?, S. Bhattacharya?,
T. Bandyopadhyay ®, S. Chatterjee”

* Variable Energy Cyclotron Centre, 1/AF, Bidhan Nagar, Kolkata-700 064, India
Y HS&E Group, BARC, VECC, 1/AF, Bidhan Nagar, Kolkata-700 064, India

I /

Nuclear Instruments and Methods in Physics Research A 664 (2012) 304-309

Contents lists available at SciVerse ScienceDirect —

Nuclear Instruments and Methods in i,
Physics ResearchA

journal homepage: www.elsevier.com/locate/nima s

Measurement and simulation of neutron response function of organic liquid
scintillator detector

M. Gohil, K. Banerjee *, S. Bhattacharya, C. Bhattacharya, S. Kundu, T.K. Rana, G. Mukherjee, J.K. Meena,
R. Pandey, H. Pai, T.K. Ghosh, A. Dey, S. Mukhopadhyay, D. Pandit, S. Pal, S.R. Banerjee,

T. Bandhopadhyay

Variable Energy Cyclotron Centre, 1/AF, Bidhan Nagar, Kolkata 700064, India
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() Development of MWPCs :
to measure fission fragments

Fractional energy loss

Position (Y)

2 Timing signal(T)

55 Position
.m:;ft_, ..,

£

T.K.Ghoshet.al

NIM A 540, 285(2005)  Effective area 20cm3 6 cm

o _ - 24cm=3 10 cm
Available online at www.sciencedirect.com = NUCLEAR __

SCIENCE DIRECT® INSTRUMENTS . - - . 0
@ wmvscs  Provide time, position and energy loss ini

ELSEVIER Nuclear Instruments and Methods in Physics Research A 540 (2005) 285-294
www.elsevier.com/locate/nima

Time of flight (TOF) spectrometer for accurate measurement At VECC we develop Iarge arela
of mass and angular distribution of fission fragments in o - )
position sensitive detectors with

heavy ion induced fission reactions
different dimension

T.K. Ghosh**, S. Pal®, T. Sinha®, S. Chattopadhyay®, K.S. Golda®,
P. Bhattacharya®

“Saha Institute of Nuclear Physics, 1{AF, Bidhannagar, Kolkata 700064, India
"Nuclear Seience Ci entre, Aruna Asaf Ali Marg, New Delhi 110067, India
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