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Cyclotrons at VECC, Kolkata
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Light ion beams: Alpha (28 -52 MeV), Proton (7 -12 MeV)

Heavy ion beams: 16O, 20Ne, 40Ar, 32S (7 -10 MeV/n)

K-130 Cyclotron Ą

MeV/u

~ 5-20 MeV/nucleon for heaviest ions 

~ 10-80 MeV/u medium heavy ions

K-500 Superconducting Cyclotron Ą
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Major facilities developed and used at cyclotron 

beamlines for Nuclear Physics Experiments
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Si strip array
CsI(Tl) array

MWPC array
VENUS INGA LAMBDA array

n-TOF array g-multiplicity array 4pn-multiplicity 

detector

Segmented Clover

Scattering  Chamber
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Experiments to probe Nuclear Structure and 

Reaction Dynamics
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During past four decades, K-130 cyclotron has been used extensively  in exploring the 

properties of nuclei with low energy light ion as well as heavy ions accelerated beam
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Detector Facilities
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Detector for High Resolution Gamma Spectroscopy

VECC array for NUclear Spectroscopy (VENUS)
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Array of Compton Suppressed Clover HPGe detectors at horizontal plane
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Electronics and Data Acquisition of VENUS
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Á16 channel Mesytec amplifiers
ÁEnergy and Time (ECL)

ÁECLto NIM converter

ÁOR of each Clover detector

ÁAnticoincidence with BGO

ÁMultiplicity for Ge.ACS

ÁHigh density NIM modules

ÁVME based DAQ

ÁLIST mode data with LAMPS

ÁTrigger : Mg²1 (sing.)
ÁTrigger : Mg²2 (coin.)
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Physics issues to be addressed with VENUS
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ÁComplete yrast and non -yrast spectroscopy

Áòhorizontal spectroscopy ó

ÁIdentification of single particle states

ÁSearch for exotic decays and shapes

ÁOctupole shape, gvibrational states, triaxiality

ÁNon-yrast excitations

ÁShape coexistence

ÁAlpha / proton induced fission 

ÁPopulation towards neutron -rich nuclei 

ÁIsotopic yield distribution 
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VENUS Modular Structure Set up at K-130 Cyclotron
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Movable table

With wheel

Wedge shaped table

Close to target chamber

ÇVENUS is designed for 8 Compton Suppressed Clover Det.

ÇDistance : Variable, can be set as close as 22 cm from target

Ç Individual detector tables with customized stands

Ą possible to set along with other detectors as required

ÇCan be put in variable angle depending on requirements.

ÇEfficiency at 1 MeV with 6 Comp. Sup. Clover ~1.1 %
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VENUS appeared in the cover page of 
Association of Asia Pacific Physical Society 

(AAPPS) Bulletin
Vol. 28 | Number 2 | APRIL 2018 Issue
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Indian National Gamma Array @ VECC
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10 clover + 2 LEPS detectors

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
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Á INGA support structure of SINP was modified with addition of extra mounting plates

(by Mechanical Engineering Group, VECC)

Á 12 clover detectors in INGA support structure

Á 4 positions to put large volume LaBr3(Ce) scintillators
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Add on: Fast scintillators for Lifetime Measurements
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CeBr3 scintillators: emerged as potential alternative to LaBr 3(Ce)  
Á Time resolution comparable to LaBr 3(Ce)
Á Energy resolution slightly worse compared to LaBr 3(Ce)
Á No internal activity 
Á Less costly compared to LaBr 3(Ce)

J.M. RËegis et al., NIM A 726 (2013) 191

F.G.A Quarati et al., NIM A 729 (2013) 596 

To be used with Clover HPGe Detectors

Á Some of the detectors have been used with VENUS Clover HPGedetectors 

for lifetime measurements

Á More will be added in future experiments
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Characteristics of CeBr3

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

SoumikBhattacharya et. al. 

NIM A 1014, 165737 (2021)

SnehaDas et. al. 

JINST 17, P9012 (2022)

209At    edecay (T1/2 = 5.4hr) 209Po
209Bi(a,4n) 209At @ 52 MeV

Lifetime measurements using 
Mirror Symmetric Centroid Difference (MSCD) 

Best time resolution with

two 1.5±x1.5±CeBr3 for

1173-1332keV : 199(2) ps
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CeBr3 Fast Scintillators  at VECC
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Comparison of different sizes of CeBr3 and LaBr3(Ce) coupled to different PMT from literature
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Segmented Low Energy Photon Spectrometer (LEPS)

ADD-ON to Clover HPGe

PIXEL-2PIXEL-1

PIXEL-4 PIXEL-3

ÁComprised of a single crystal of p-type Germanium

Á65 mm diameter and 11 mm depletion depth 

ÁThe crystal is electrically segmented in 4 sectors 

Áeach having 7 cm2 active area

Ápractically no dead zone between the segments. 

ÁThe detector is configured like a Clover detector

ÁBeryllium entrance window of 300 micron thickness. . 

Resolution:

65 eV    @14 keV

800 eV  @122 keV

1.9 keV @1332 keV
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Detectors for High Energy Gamma ray
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Detector materials

NaI, BGO, BaF2

BaF2 detectors satisfy both criteria and are 

best for high energy photon spectroscopy

Essential  Criteria

ÅLarge volume scintillator with high gamma detection efficiency

ÅVery good time response to discriminate neutrons

Aim
To measure gamma rays from GDR decay in the range Eg= 5-30 MeV
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Large Area Modular BaF2 Detector Array (LAMBDA)
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ü 162 BaF2 Detector elements 

ü Detector dimension: 3.5 x 3.5 x 35 cm3

ü Fast, quartz window PMT (dia ï29mm, 

Phillips XP2978)

ü Energy resolution: 16% at 1 MeV

ü Time resolution ~ 960 ps

ü Highly Granular &  Modular in nature

ü Dedicated high density CAMAC 

electronics system controlled remotely  

via Ethernet

ü Dedicated Linux based VME DAQ to 

register energy & time information from 

each detector in event by event mode

ü Solid angle coverage ~ 6% of 4p

Bare BaF2 crystal

Crystal wrapped with teflon

PMT

PMT mounting
PVC tube wrapping S. Mukhopadhyay et al, NIM A 582 (2007) 603

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


Gamma Multiplicity Filter Array
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ü 50 BaF2 Detector elements 

ü Detector dimension:  

3.5 x 3.5 x 5 cm3

ü Fast, quartz window PMT 

(dia ï29mm, Phillips 

XP2978)

ü 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 

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


Experimental Setup at K-130 cyclotron with 

LAMBDA and Multiplicity Filter
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Ἅἰarged particle detector Ἃrray for ἕinematic

ἠeconstruction and Ἃnalysis (ἍἰἋἕἠἋ)
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Extreme forward part

Forward partBackward part

Backward part

Forward part

Nucl. Inst. Meth. A 943, 162411 (2019) 

V A high-resolution,high-granularity 4-pi array for completechargedparticle spectroscopy.

V Unique tool for study of multi particle correlation, resonancespectroscopy,complete
calorimetry etc.

Extreme forward part
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ChAKRA: Purpose and Requirement
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Å Should be capable of measuring both position and energy as well as

identifying all light charged particles (LCP) ὤ= 1, 2 and intermediate mass

fragments (IMF) in the range 3 ὤṂ20 emitted in the reaction.

Å Enable isotopic identification of all LCPs and IMFs at least up toὤṂ10.

Study the hot nuclear mater produced at Fermi energy domain.

Requirement for forward part Ą

Å Liquid Gas Phase Transition

Å EOS of asymmetric nuclear   matter

Å Particle unstable state

Å Equilibrium time scales

Å Nuclear Compressibility

Å Asymmetric nuclear matter and stellar evolution

Å Super Heavy Nuclei

Physics to be addressed Ą
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Forward part of  ChAKRA
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No. of  Telescopes : 24  

Angular coverage :  Ñ70 < q< ± 450  

DSSD - E (500ȋm /1mm )

4xCsI(Tl) Crystals (6 cm)

SSSD - DE ( 50ȋm) 

16 strips (v) 16 strips (v)
16 strips (h)

Å Distance from target : 20 cm 

Å Form spherical shape

Å Angular resolution: Ñ0.40

ü The telescopes arranged in 5 columns with

five telescopes.

ü The central telescope removed for the

passage of the beam and the reaction

products emitted in extreme forward angle.
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Extreme forward part of ChAKRA
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32 Plastic phoswich detectors.

Fast Slow PMT 

Á Mostly LCP, elastic scattering  and  direct 

reactions products

Á High count rate with higher energy.

Á Detector: Plastic Phoswich Detector.

Á Low radiation damage, High count rate 

handling capability.

Á Element :  fast (100mm, 2ns, BC 408)/  Slow 

(100 mm, 280ns, BC 444 ) organic      plastic 

(PVT based) scintillator.

Á No. of Detectors :  32 ( area 20mm x 20 mm).

Á Typical low energy threshold : 

2 MeV/A for proton and alpha,
5 MeV/A for 16O

11 MeV/A for 40Ca

Á Angular Resolution < 10

Á Distance from target : 40 cm

(°30 - °70)
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Backward part of ChAKRA
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× Mostly light charged particles (LCP) will be emitted in the backward angle. 

× This part of the array will detect only LCP (Z=1,2)

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

× 112 CsI(Tl) detectors will be used.

In each ring, shape and size of 

the detectors are different

Angular coverage :Ñ450<q< Ñ1700
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Characterization and In-beam test of ChAKRA
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p
a

Q1

Q2

a

p

In-beam test of phoswich

145 MeV 20Ne + 12C

In-beam test of CSI(Tl) 

50 MeV a+ 27Al
In-beam test of forward part

193 MeV 20Ne +  9Be
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VECC Neutron TOF array

Å 4pcoverage not possible because of cross talk

Å 50 detectors having dimension 5 inch X 5 inch

Å Detectors arranged with the flight path of 1.5-2m

Å Mounting structure dismountable type

Å Structure material Aluminium

Å Separation between two detectors is more than 20 cm 

to have minimum crosstalk in the 1 -10 MeV neutrons

Å Thin wall scattering chamber of wall thickness 3mm to 

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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VECC Neutron TOF Array
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Fabrication of 50 detectors for

the VECC TOF array is completed

ü Figure of merit  1.5 (at 350 keVee)

ü Efficiency  65% (at 2 MeV)

ü Time resolution  1 ns

ü PH resolution  10% (at 662 keV) 

ü Ancillary detectors will be kept at thin 

walled (3 mm) scattering chamber

ü 1 m diameter spherical chamber

ü 3mm thick hemispherical segment
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Fabrication  of the Neutron ToF Detector at VECC 
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1

2

3

4

5

6

7

-

Å 3-mm-thick Aluminium

Å Xylene-based liquid scintillator BC501A

Å 5 in. PMT (model: 9823B; Electron Tube).

Å Internal walls of the cells were white painted for efficient light 

collection.

Å Cleaning (removal) of any suspended particle

Å 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. 

Å Liquid filling (vacuum suction technique)

Å 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. 

Å Scintillator cells, sealed with 6-mm-thick Pyrex glass.

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


Development of n-TOF Detectors
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Development of MWPCs :

to measure fission fragments
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Timing signal(T)

Position 

(X)

Position (Y)

Fractional energy loss 

Ü

Effective area: 20 cm ³6 cm

24 cm ³10 cm

T.K.Ghoshet.al 

NIM A 540, 285(2005)

Provide time, position and energy loss info

At VECC we develop large area 

position sensitive detectors with 

different dimension. 
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Active area: 50 mm x 30 mm

Parallel Plate Avalanche Counters (PPAC)
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