I

- \"‘m

@ R I '!’"H "rE

o, il
' ko”lkata Supercorfductmg Cgclotron
F Illl

i f. _..f;‘__._ }.. ﬂ"g ""' |

: RK Bhahdaﬂt -

il !
\\farlable Energy Cyclotron‘CMzg

S Kolkata, INDIA

Joint Acc

l

h‘(%l(.LAS 08), RRCAT, Indore, Jan

ary 14, 2008




Cyclotron

Electromangnet

ey -
D

(E/A=q*B’R?*/2m?)

'\"“—-.___ __.--'"'#
e South Pole L

-
T e




224cm Variable Energy Cyclotron




Expected lon Beams from K 500 SC

(2]
o

Energy (MeV/A)
s 8 8 & 8

o

(based on 10 pA extracted from ion source)

Maximum energy per nucleon available

——ECR1+VEC

——ECR2/3+K500

lon mass (A)




Vertical Section of
the Superconducting
Cyclotron

Il - RF Resonator Cavity

~23048

MED\AN‘/

DEE shell ~




N
= O
> = QL
4 S| 8
- &
< =1 =0
= Ll E
s Lo "
~ > y ﬁ
E g Ol
= L =
= (@R
g e
P il
=N |
i ,_ A
8 g o i\ / —
S, A & \ 5

Al By /{F.Jrﬂ
- : =
.7/////4%?

MAIN PROBE

"
P

..M_”/“ =B ..__._._/..”M /\% ’ =

RADIAL SUPPORT LINK

i
==
r‘
Wiy B, R >
) & — _‘_
i
3
= |
s
\ !‘ 1 ]
> L]
X 4

Sectional view of

G

o N w/./, e o
(...\w ; W
O c 3 :
cC o0 = : :
- ; o 2 =

= 5 >
c 0O - oy : d
T > Q 52 5 :
O : = I
S : : ;|
Q 4 : 2
= PR 3 ¢
= : .




<P
=
g
T
=)
e
e
S
=,
N
<P
>
=)
—

magnet frame




SUPERCONDUCTING COIL
AND
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Cryogenic Test Laboratory
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Superconducting coil winding facility




Pressure arm assembly of the winding machine
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Insulated bobbin & radiation shield
being inserted into vacuum chamber
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CRYOGENIC PLANT
&
CRYOGEN DELIVERY
SYSTEM
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Liquid Helium Plant

jacs

_ [ | 1
LIQUIFACTION MODE
S0 LPH without LN2 pre-cooling |
100 LPH with LN2 pre-cooling
REFRIGERATION MODE
160 W without LN2 pre-cooling
200 W with LN2 pre-cooling
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Inside the Liquid Helium Plant

Cold Box With Exterior MLI Cold Box Without MLI



Dew ar level — - - — - Heat load
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Measured refrigeration load of helium liquifier at 4.5K
without LN2 pre-cooling
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Cryogenic transfer lines
connected to
superconducting
cyclotron magnet




CURRENT LEAD STATUS | DATA BANK ‘ EVENT LOGGING | He COMP ON H MAGNET ON MODE OF OPERATION OVER VIEW
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MMI showing flow diagram for the SC magnet
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Reduction of moisture level in the cryostat
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Cool-down of superconducting cyclotron magnet



Volume-upper half (litre)
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HELIUM INLET VALVE
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TIME

Heat load of cryostat
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Horizontal link force during cool down



Te mperature
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ENERGISATION OF
THE
SUPERCONDUCTING
MAGNET



Main Magnet Power Supplies

GENERAL FEATURES

1000 A/ 20V, 10 ppm
(current regulated)

=Series pass element -
transistor bank

=12-pulse thyristor-based
controlled rectifier

=SCR pre-regulator

*RF shielding and filters
=Safety interlocks
=18-bit D/A Converter
=16-bit A/D Converter

=Computer interface
| 422)

(RS-232

J-phase AC
50 Hz

il

BETA

V138
dMNgd AMoTS

g

¥138
4MNa 15%4

e ]

3-phase AC ———ac
50 Hz

—_— e

ALPHA

WHATY
WO MOS

’

dWNad 184

SPECIAL FEATURES

»Slow dump resistors and fast dump

resistors are provided for dissipating the

energy stored in the coils outside the

cryostat

1102 ¥1394

N0 YHATY



Operator’s Console

for
Main Magnet Power Supplies

&, CONTROL CONSOLE FOR MAIN MAGNET POWER SUPPLIES

=8 x]

ALPHA PROFILE DEFINITION
SL. TIME START END

ALPHA PROFILE

ALPHA CURRENT (A)

ALPHA COIL

IPOWER

INTERLOCK CLEAR [[CLEAR

IACTU;&L CURRENT: 481.26 A

ISET CURRENT: 481.250 A

ICURRENT DRIFT: 000.01 A

SET HALT
0 1300 2600 3900 5200 Sec STOP | CONTIMUE ISTOPPED PROFILE #2
BETA PROFILE DEFINITION BETA PROFILE BETA CURRENT (&) BETA COIL
SL. TIME START END
Sec IPOWER -
IINTERLOCK CLEAR I CLEAR

lACTUAL CURRENT: 366.22 A

ISET CURRENT: 356.250 A

SELECT PROFILE [§f 2 (&
S gF I et | conrnuc] || CURRENT DRIFT: 00003 A
| nELETE| | inserT| 9125 1825 2735 %50Sec| <rop HaLT_| || [STOPPED PROFILE #2
GURRENTFNES UG COMMUNICATION
SETTING ALPHA SETTING BETA SE33ION LB ORY
[004.200 A [005.900 A END SESSION | —
Y N A (L A A SET BOTH PROFILES | M\ \TERLOCKS
v |V VvV VvV VvV —
COARSE  MEDIUM FINE | |COARSE  MEDIUM FINE ALPHAON | BETAON RESET ALPHA
[enaBLE| | DisaBie|| |[[EnaBLE| [ DisaBLE] FESETEETA

ALPHA OFF| BETA OFF

SHOW ALL

FACILITIES

Remote
operation
(ON/OFF,
HALT, STOP )

Current setting

Status and
parameter
monitoring

Online data
logging with
time stamp



Slow Dump

Slow Dump at 500A
[
HY L =—]-— - 500 —|_beta
- - ™
2] b } N g 0 __400 - —|_alpha
praseAC__z | BETA sod A o< p <
Z _/_ gE } %5 'g §300 —
e e 5200 -
ai < . 3200
gl e D 100 -
= \ =5 T
S'phsaosazAC_/— ALPHA % A g % 2 0 T T 1 T
—_— ] % ugj } %)% '2 0 100 timgqgﬁn) 300 400
=) __<_ —_—

The states of the four contacts when

P
slow dump is in progress rofile of current decay for slow

dump initiated at 500 A



Fast Dump

Fast Dump at 400A
I
" AT =y 450
< E | % 400 _I beta
—_ ] & = = 350 ~ -
s gl P
3-phase AC -~ | BETA . ZEZA 5 2 300 —|_alpha
>0 Hz o | 2E 58S o < 250 -
S~ e | — 5
_ @ [ = 200 +
]—” = g 150 -
+ . J_ . > - > 100 4
— : g | 5 50 -
3-phase AC—=— ALPHA ; ; g /}\ = 0 ; ; \ \ —
50 Hz - z 2 Q
— | fE : 5 : 8 0 5 1Gime (min)'S 20 25
= - e ~

+

The states of the two contacts

Profile of current decay for fast dump
when fast dump is in progress

initiated at 400 A



Horizontal support link forces

—~—e7 -2e8 -+ef
50 100 150 200 250 300 350

current (A)



E9 Support Link was tightened to +145 degrees

Horizontal Support Link Forces
——e7 —=—ef —k—ed

7000

65800 -
6600 - ‘—V\_‘\’
6400 -

6200

6000

5800

E7, ES, E9 {Lbs)

5600

5400

5200

5000

4800

0 50 100 150 200 250 300 350 400 450 500
Current (Amp)



Field (kG)

—— Series

Field ~ Current Plot

(at 22", 243 deg at HILL of SCC Magnet) Date 30-4-05

0 T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550 600

Current (Amp.)

Max. Current: 750 A



CRYOPANELS
&
THEIR CRYOGEN
DELIVERY SYSTEM



i, o e
i I

CHEVRON BAFFLES

L L

gt P AP,

SN

2

1NN

N

‘ TSR
| :

NITROGEN LINES

X e

- CRYOPANEL

DEE

D LLLLLLLLLLL

O, R,

N/

EE_._= il — N
N

O ‘g e S |
e

L__ l I

Cryopanel for the superconducﬁng cyclotron
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R. F. RESONATOR

DEE STEM \

DEE STEM INSULATOR

COIL VERTICAL

SUPPORT \ CRYOSTAT
. / _—MAGNET POLE CAP

R. F. LINER

DEE WITH CRYOPANEL
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GOIL HORIZONTAL : COIL
SUPPORT _

| MAGNET YOKE
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7 e 2184 m_

' ” e CRYO PANEL
\= _

—=_—
2

B

K500 SUPERCONDUCTING CYCLOTRON
AT VECC




| CURRENT LEAD STATUS
TRAN.LINE & MAGNET

CRYO PANEL CONTROL

‘ DATA BANK

| | EVENT LOGGING

| He COMP ON | MODE OF OPERATION OVER VIEW

22/2/2000 17 :13 :4

| LHE & LN2 TANK STATUS || HISTORICAL TREND | REAL TIME DATA | HISTORICAL ALARM || CONTROL STATION |

GHe [R)
LHe (8]
LN2 [S]
GN2 [R)

Basement
Mezzanine
Manifold

XFW ] PRY-13

£
ZBW 6

y]0-¢mbar

LI LOWER PYAC &
““““““““““ | x10-6mbar [H._.
Cryopanel A Cryopanel B Cryopanel C T 15
T I R i e e | .
BEE EES ] — . shield
PR. DIFF. K2 Ceokng
, ]| 1 ] (PI5-PI6) PRV-14
St OO o mal] K
Xens P17 PRY-12 ¢ Zrvo
TL-4 TL-5 TL-6 m
T19 B :
. |__1.27 bar(d) [{ | || 45.1 %[jcv 5
| e uE el € E— B ' i uio SrE
------------------------------------- 1
S =~ BY13
i -| shield
Cooling TI16
TI12 MV B% MY7 D% MG I e |00 e 785K |
- 20.0 % 20.3 % 202 %
i | —————— 30.1 %
------------------------------- ey PuaC
T114 szﬂ% v I]% THE SPEED.. 7 | 2020 == | 0.56
| 805K [|-4 955 o 254 % 25.1 % 6000 rpm TI17
---------------------------------------------------- [k ]
RD? f?| g_ PRV-T1 o Basement Manifold
From He Gas Storage Tank =] <] | 1.30 bar(A) |
BV Bv14

MMI showing flow diagram for cryogen delivery to
the cryopanels







Cold head for the cryopanel
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Cryogen to Cryopanel

Cryogen from
B basement mezzanine manifold

m - I e o
Ll _!_ ||1?mmrn e i
| 2 -
A7
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Pump Sump ﬁ__ -Iﬂ__.1]l v
I

L :
A
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1347 mm

LH2 Shield ~ LM2? Cooling Tubes

Basement manifold with liquid helium pump (computer model)
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Basement manifold
ready for the final
assembly




. Basement manifold
for circulation of LHe and LN2
to cryopanels

. o/




LHe pump



Chevron baffle and thermal shield for cryopanel



HIGH BAY
VALVE BOX

VACUUM
PLUG

LN2
DEWAR

1600

VL VALVE BOX

VBL

3 VACUUM
/4/ BARRIER

VB6

5Q
BMT \ ch
VBI11 — BML
- VB5 VB8 BASEMENT
= % S MEZZANINE
g o V) - VALVE BOX
bQQ ’L\QQ
vB1o>< 1 VBY
BT =
BL
BASEMENT
VALVE BOX

Simulation of cryogenic system for safety studies
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Effect of spillage of liquid nitrogen in SC building
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Effect of spillage of liquid helium in SC building



MAGNETIC FIELD MEASUREMENTS
AND
ANALYSIS






1st Harmonic Field Amplitude [kG]

1st Harmonic minimization

0.025

0.020 +

0.015

0.010 +

0.005 +

la=425 A, |b=225 A

— Eefore

— After adding shim

First Harmonic Minimization By Adding Iron Shims



la=425 A, |b=225 A

These dips inthe Average Field Profile & 1 TNy 0 b
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Simulation of 3D Field Distribution with TOSCA

magnetic figld zsimulation of K500 zcc magnet UMITS

18Aul/2008 141701 Length m
Magn Flus Density T
Magn Field Adm

Magn Scalar Pot - A
MagnWector Pot whbdm
Elec Flux Denzity  Clme

Elec Field Wi
Conductivity Sim
Current Dienzity Al
Pawer W
Force M
Energy J
PROBLEM DATA
18-08-2006-300.0F3

TOSCA Magnetostatic
Mon-inear materials
Simulation Mo 1 of 1
PN BEB253 elements
e = B75640 nodes

2 conductors
Modally interpolated fields

Local Coordinates
Origim: 0.0, 0.0, 0.0
Local 32 = Global 52

V- VECTOR FIELDS

Field measurement was not possible at all excitations and at all places due
to inaccessibility. TOSCA simulation has been done to make up the data.



Axial hole field
mapping

PC

RS 232

PCI-6052E
NI DAQ card

=

" MEASURED DATA

TERMINAL

CONNECTOR -

LIMIT SWITCH DATA

MOTOR
DRIVE
CARD

DRIVE SIGNAL

HALL
PROBE
ASSEMBLY

STEPPER

=

24 VOLT
POWER
SUPPLY

MOTOR

Axial hole field distribution [r=0]

——[200,200A]
——[250,250]
== [300,300A]

200 400 600 800 1000 1200 1400
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RF SYSTEM
&
RF POWER SUPPLIES



RF SYSTEM SPECIFICATION

Frequency range:
Harmonic Modes:
Peak Dee Voltage:
Frequency Stability:

Amplitude Stability:

Phase Stability:

9 to 27 MHz
1,2,3,4,5,7
100 kV

1x 107

1 x104

+0.5°



FINAL RF AMPLIFIER

« Eimac 4CW 150000E Tetrode
based power amplifier

* Output Power: 100 kW max. at 50
Ohm

* Power gain ~ 22 dB
* Input Power: 600 W at 50 Ohm

* Mode of operation: Class AB

» \l4 Resonant cavity similar to
main Dee-cavity

Amplifier

Cavity * Tunable from 9 MHz to 27 MHz by

outer

conductor movable Sliding short

Stepper * Sliding short travel ~ 2184 mm.
Motor max.

Driver * Precise movement of sliding
short by PC-based stepper motor
controlled system

3-1/8” B ;
Rigid : :

: ! j .
c.oax1a1 . L e
line S i

e ¢ iy i

Dummy
load




INPUT CIRCUIT FOR RF AMPLIFIER

4 x 150 W Input Input Shell

Power from driver

ampier Grid bias by-

pass capacitor

2 nos. " : Grid bias
- sridge-1 A ' resistor
impedance :

matching

network Filament

ground
strips

4 nos. x 50
Q water-
cooled load
(to be
connected)

Tetrode
socket

Filament bias
by-pass
capacitors

Filament bias
busbar




250 KVA Transformer Rectifier Bank
Assembly

Anode Power Supply * Filament Power Supply

(0 to 20KV DC, 22.5A, 7% load regulation, fast (0to15.5V *0.75V DC, 215A at 15.5 V)
crowbar protection)

Control Grid Power Supply Screen Grid Power Supply
(-400 to -500 V DC, 100 mA, 0.01% load regulation) (500 to 1600 V DC, 0.5A, 0.006% load regulation)



RF SYSTEM
(Mechanical)






S EF TV TEL YT B AT DICRE )

Lower RF Liner




Hill section
Of RF liner

Dee with
cooling line

Centee region

Cryogenic
transfer line

Lower RF Liner with Dees and Centre region Components



~ —

Hill section

N

Dee with
cooling line

Upper RF Liner with Dees and Centre region components
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Installation of inner cohductors I-aelow the magnet



OUTER CONDUCTOR
SPINNING




1eS

bl

inning assem

Lower outer conductor sp



*w ....._:..:.. __“__I‘_‘_- \ Trim coil
\ current leads

Outer Conducting
Spinning
Center plug
N = v : ) '- by < Vacuum port

Hexagonal panels

View from bottom of Magnet showing Trim Coil leads.



Lower Resonator
cavity

Hexagonal panel
cooling line

Transfer line

Dee stem Support
structure

Sliding Short drive

View from bottom of Lower RF Cavity



Three inner conductor assemblies on lower support structure
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| — Upper Dee Steam
M rr
[ | :lal Trim coil current leads
: - .y_- “ ; LCW hoses

\ETRE N
Upper pole cap
Upper RF liner

—Cryostat

Upper pole cap in elevated condition

Showing Cryostat & Upper RF cavity



Upper Resonator cavity

Upper pole cap in elevated condition

Upper RF Liner

Main magnet Cryostat

Magnet return path ring

RF Amplifier

K-500 Cyclotron Magnet and RF System



INJECTION, EXTRACTION
& BEAM DIAGNOSTICS



VEC K-500 SUPERCONDUCTING CYCLOTRON




LAYOUT OF VERTICAL SECTION OF INJECTION LINE
FOR VEC K-500 SUPERCONDUCTING CYCCLOTRON
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SPIRAL INFLECTOR

Fabrication work at CDM, BARC




DEFLECTOR
TEST STAND




Passive magnetic channels




Electrostatic Deflector




ves & control hardware




Magnetic channel
(M9) Slit drive & coill



SWITCH

Aparture reqd.(mm)

Center offset

9

Water interlock

Beam current on

Slit 1 (micro A) Ir
0

17.7

h

Actual Position 1 (mm)
-15

Actual Aparture

-6.13

”

5 -10 -5

TO SERVICE MODE

Offset reqd.(mm)
2.1

Air interlock

Beam current on

il Slit 2 (micro A)
0

o

Actual Position 2 (mm)
2.74

LOCK SLIT

HMI for M9 Slit Control




Beam Diagnostic Probe



Beam Viewer Probe



TRIM COIL WATER TEMPERATURE CONTROL
SYSTEM

+ Redundant standalone controller architecture along
with redundant temperature sensors

+ Maintain temperature difference within £0.5°C between
pole tips and magnet yoke

+ Minimise relative thermal expansion or contraction of

pole tips with respect to magnet yoke of Superconducting
Cyclotron

+ Control conductivity by feed-bleed mechanism with
main LCW system
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UTILIZATION OF THE
SUPERCONDUCTING
CYCLOTRON



Operating Diagram & Initial lons Expected

(November 2007)
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K500 SUPERCONDUCTING CYCLOTRON
EXTERNAL BEAMLINE LAYOUT
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Charge Analysis

Experimental Area llI

Experimental Area Il

ExperimentalAré%ﬁ, T

ECRIS - 2
ECRIS -3

Beam Degrader &

Emittance Measurement
RF System

Beam Matching |/
(] K500 Cyclotron
[ )

’ 5 External Beam Line

SUPERCONDUCTING CYCLOTRON
FACILITY AT VECC, KOLKATA




Major Facilities

Condensed Matter
 X-ray Diffractometer
*Acoustic emission setup
* Charged Particle « Vibrating sample

Detector Array magnetometer

* Neutron Detector Array

Nuclear Physics
« Scattering Chamber

_ Nuclear Chemistry
* High Energy Gamma Ray . Activation analysis
Array * Pneumatic carrier facility

« lon Trap * Multitracer studies



Nuclear Physics with superconducting cyclotron

Facilities
Physics Goals : / \ Charged particle detector array
Back-ward Array
Liq. - gas Phase transition Si-CslI(TI) Forward Array |
Si-Si-Csl(Tl)
Bl Y T P
10 | S A mg“”j_\.‘-' . Temperature
o [ 410 =E F=m= _(i"_ ]
% ol - ] Thermalisation il
T T ) Prototype Si-Si-Csl(Tl) arra
o %(-:El;:h'-a’uﬂ:\--ZhleV] __ DynamICS P ( ) y
S e s Deformation High energy gamma ray detector array
Exotic Nuclear structures EOS
Nuclear So] H
Compressibility 1 l
s o K
Asymmetric . ﬂw
Nuclear matter T e
And Stellar Deformed configuration of 32S*
Evolution Studied by GDR splitting
Evolution of neutron star, Gamma array at Exptl hall
supernovae Super Heav
N per y Neutron Multiplicity detector
;. uclei
\;ﬁp *f
&8
10 km ]
0 Po 3P, 47 neutron multiplicity detector

Prototype neutron detector
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