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15UD Pelletron Accelerator at IUAC

Tank height: 26.5m | Tower |

Diameter: 5.5 m .

Pressure: 86 PSI
SF; gas

lons accelerated:
H to Au beams

Currents: ~ 1 -50 pnA
Energy : 30-270MeV| Vault

Analyzing Magnet
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Negative lon Source
Injector Magnet
Beam Buncher
H.V. Terminal
Radio-biology
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GPSC
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Special Features: 1. Off-set QP in Terminal
2. Earthquake Protection

3. Compressed Geometry Tubes
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Schematic of the ECRIS based High Current Injector (HCI) with respect to the present
Tandem Accelerator-Superconducting Linear Accelerator (SC-LINAC)

15UD Tandem
Accelerator superconducting
LINAC, § ~0.08
super- \ Te-buncher
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HIGH CURRENT INJECTOR

is the ratio of the velocity of the charged particle to the velocity of light
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Superconducting LINAC at IUAC

At the heart of the Superconducting LINAC at IUAC is a Niobium
Quarter Wave Resonator (QWR) that accelerates the ion beam to
high energies. The QWR operates at 97 MHz frequency.

i [ Multi-harmonic

/- -\ Buncher

15 UD Pelletron
Accelerator

- Terminal
Superconducting Linac

- Dead Section Y

Superbuncher rLinac Linac Linac
T " Module-1 Module-2 Module-3 Rebuncher

=

15 UD Tandem Pelletron Accelerator and
Superconducting Linear Accelerator (SC LINAC) Quarter Wave Resonator: 3=0.08;
the operating temp. is 4.2 K
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SC LINAC Modules
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The Superconductlng LINAC at IUAC It has been in operation for the past
several years and experiments are being done regularly using this facility.
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Inside View of the Module
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@W Resonator
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- Slow/Tuner
Solehoid

he inside of a LINAC Cryomodule at IUAC. Each Module has eight QWRs and
a superconducting solenoid magnet to focus the ion beams.
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HCI + SC LINAC Energy Gain
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Energy Gain (left) and Energy per nucleon (right) as a function of ion mass for
the High Current Injector (HCI) + Superconducting Linac, and High Current
Injector + Low beta Module (LBM) + Superconducting Linac. A foil stripper is
assumed between HCI and LBM in both the cases. The calculations are done
ith the Low Beta Resonators in the LBM operating at 6 MV/m accelerating
gradient and the QWRs in the SC Linac at 3.5 MV/m accelerating gradient.
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High Current Injector Programme

Existing system
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TRACK simulation of 23840+ from ECR upto RFQ exit
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Schematic layout of the High Current Injector

12.125 MHz 48.5 MHz 97 MHz
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LAYOUT OF HIGH CURRENT INJECTOR (HCI) BEAMLINE
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LINAC
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Bi-2223 High Strength Reinforced Tape

Stainless Steel strigs

Thickness (avg): 0.31 (+/-0.02mm)

—_—

Ty

Wire performance with magnetic field
parallel to tape surface

Wire performance with magnetic field
perpendicular to tape surface
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£ American Current carrying capacity of HTS depends on:

>/ Superconductor

L * Temperature

* Magnitude of the field
and also on the direction of the field
Parameter Value

Conductor type BSCCO-2223
Operating temperature (at field) 23K

Width (avg): 4.1 (+/- 0.2mm) Variable Specifications:
Min. Critical Stress: 265 MPa Min. I : 115 A—135A
Min. Critical Strain:  0.4% Piece Length: 100 m —300 m
Min. Bend Dia: 70 mm
== |c/lc(0) == Strain
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Cooling power (Watts)

160

yA
AL230 Cryorefrigerator Capacity

Operating current

Maximum field on the axis

Maximum field on the conductor
Maximum radial field on the conductor
Total length of conductor per coil
Inner coil diameter

Outer coil diameter

181 A (injection coil)
145 A (extraction coil)
1.8T

30T

1.4T

950 m

240 mm

320 mm

JTemperature (Kelvin)

G.RODRIGUES

Maximum operating current 181 A

Maximum radial field
I. @ 77 K,0B
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View of the sub-systems on the 200 kV high voltage platform
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SPECIFICATIONS OF THE 18 GHz HTS ECR ION SOURCE

15

HTS coils operational temperature : 22K (Coil former @ 20 K)
Cryo-coolers: Cooled using chillers
Cryostat vacuum (INJ & EXT): 2 x 10¢ mbar
»  Maximum axial field at injection: 1.8T
»  Maximum axial field at extraction: 1.5T
»  Mulfipole: 36 sector Hexapole (‘Halbach’ configuration)
»  RFinjection: fransverse to co-axial coupling
®»  Plasma chamber: mulfi-mode cavity
RF generator : Klystron 1.7 kW, air cooled

»  Multi-electrode extraction
»  [Exfraction voltage: Maximum 30 kV

»  Gasinjection, oven, sputter probe

» Negative DC bias probe: Maximum — 1 kV
» Base injection vacuum: 7 x 108 mbar
»  Base exiraction vacuum: 3x 108 mbar

C. Bieth, S. Kantas , P. Sortais, D. Kanjilal , G. Rodrigues , S. Milward , S. Harrison , R. Mc Mahon,
Nucl.Instrum.Methods. B 235 (2005) 498
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View of the 18 GHz HTS ECR ion Source
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View of the 18 GHz HTS ECR ion Source coupled to the LEBT
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BEAMS EXTRACTED FROM THE 18 GHz HTS ECR ION SOURCE

A/Q=6 AIQ=7 A/Q=8 A/Q=9
Q=2+,1>2 mA
2 mA
Q=2+,1>2 mA
2.037 mA
Q=3+,1>1mA Q=2+,1>2 mA
1.533 mA 2.044 mA
=T7+,1> 600 nA Q=4+,1>1 mA
V. 600 nA 1.023 mA

Q=21+,1=20 pA
28 nA

Q=14+,1 > 150 pA
157 pA

Q=25+,26+, 1 > 25 uA

27 nA

Q=20+,1=30 nA
65 nA

Q=28+,1=>10 pA
10 pA

Q=21+,1> 15 pA
28 nA

Q=29+1>12 pA
12 pA

Q=21+,I1>15 pA
65 nA
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Proximity of beam hall ITI and beam hall I

b—
Beam Hall II

Il, )
Siiding Door to 1
m:itlall-m $iiding Coor tol

& Installad

RCC wall 30 cm e

] ; ROC wall 30 ¢

o]

ircas Evich wall 23 ¢m
- Stalrca?e

I cr: i ok

Console 150

D

L
To be added

Evick wall 23 om Beam Hall III

a
| c
‘\ ¢ -
| . §
s A
i L 28, | A ~ 350 uR/hr
:3 2 ... D voa 2o 1 Lads B ~ 350 uR/hr
€ For publlec C ~ 350 pR/hr
Line constructed up to this point D non-
permissable

G.RODRIGUES INTER UNIVERSITY ACCELERATOR CENTRE, NEW DELHI, INDIA 1/27/2021



Transverse and longitudinal optics before RFQ using a Multi-Harmonic Buncher
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Multiparticle TRACK simulation upto entrance of DTL

Phase space plots at DTL entrance

25 5
L Y' (mrad) %) f = 48.5 MHz
o IRRE E = 180.036 keV/u
At q=1
) SorHmm) A A=6
\ deg.) | N=778
5 — = 1 =0.001 mA
0 10 -10 0 10 45 0 a5 Rebuncher
MHB Q1Q2Q3 Q4 RFQ Q5 Q7 {} Q3 Q11
e
XY a6—Q8——Qfo—
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CRITERIA FOR BEAM BUNCHING
OPERATION AND MEASUREMENTS

1./The ion beam should have a sharp waist in transverse
dimension at the RF gap formed by the grids of the
buncher.

2./ The electric field must be uniform across the pair of grids
forming the RF gap.

3/ The energy spread of the beam from the ECR source
us’r be minimum for proper bunching.

4

The bunching grids, tank circuit coils, and RF amplifier
should be water cooled for continuous operation to avoid
any temperdture related drifts.

5. \ e saw-tooth voltage responsible for bunching must be
stable in ferms of amplitude and phase. This is ensured by

mo"rori g the pick-up signal triggered by the master

G.RODRIGUES

INTER UNIVERSITY ACCELERATOR CENTRE, NEW DELHI, INDIA

Bunching using the 12.125 MHz Multi Harmonic Buncher

PROBLEMS ENCOUNTERED

1. The FFC signal for measuring bunch width was
very sensitive to any noise and RF pick-up. The
background signal were minimized by averaging
over 50 - 100 samples for stable measurements.

2. The pre-amplifier coupled to the FFC is also very
sensitive and prone to damage for any RF pick-
ups. It was thus turned off whenever RFQ was on.
The measurement of beam bunches were made
only when RFQ was off.

3. For cooling of the grids and tank circuit coils, the
flow and temperature of the de-ionised water
cooling system had to be maintained accurately
for smooth operation.

4. All the bunched width measurements were done
on a 500 MHz oscilloscope. Measurements of FFC
timing signals on 4 - 6 GHz oscilloscope would
yield much better results.

1/27/2021



Bunched widths of various beams

Bunched Spectrum of Ne8*

Voltage 1.6ns

Bunch signal

Bunched Spectrum of O¢*

e Vedical Timebase Trigger Display Cursors Measure Math Analysis  Utilties Help

Differential Saw
tooth waveform

Measure P1freq(C4) P2:pkpk(C4) P3:ms(CH) PA:widih(C4) T s

value 121300 MHz 722 my 33 my leﬂ';ns Y-axis: 1 div. =5mV
mean 12120995 WHz 2724820V 331055 mv 205167 ns . i

i 121300 MHz nnm 230 my 201ns X-axis: 1 div. =20 ns
max 121300 MHz 7mv 33 mv 2090 ns

Bunched spectrum of N°*

i H i L

Measure P1ireq(C4) P2pkpk(C4) P3rms(C4) P4width(C4) P&~ P@---

value 121245 MHz 3339 my 3.987 mv 1.898 ns .

mean 12124523 MHz 333948 my 3.99686 mV 200104ns File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help
min 121245 MHz 3339 my 3.987 mv 1.898 ns

max 121245 MHz 3339 my 3967 mv 2004 nis

sdev MTps

num 1 1 1 2
stalus = v v .

K2= -85.0ns /K= 656 MHz

1012212018 9:33:32 PM

P1freq(C4) P2:ampi(C4) PIwidin(C4) Pa:ampi(CY PEmax(C3)
177.22mv 3794 ns 1n32mv 67my

X v v a

RO

PE:freq(Math)
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48.5 MHz RADIO FREQUENCY QUADRUPOLE

48 5 MHz
De5|gn A/q <=6

8 keV/u
180 keV/u
Total Length (without PAXIN)
buncher)

Transmission  EQRIONZ
]




Layout to test the Energy gain through RFQ

26.50 mm [Horiz) 180.0 Deq (Long. )

RFQ Quadruplet  Triplet A.magnet

1 T,

.:.::...:::i.:.:,.:.:::.:q:;:::::::;:::!:::J::!ili!:liill:lililm13117 Nl "'E_“!
Input 8 keV/u

2650 mm [Vert) Length= 7379, 06mn

.I E\li
i;_l

300 618

]66I 171 | 17 I 124_]?0

Beam
—

suT

.—.—ﬂ Bellow NEC-CF BPM  faraday Bellow
Adapter Cup Gate
Valve
LMFT
For beam
viewing

BPM + FC
Vacuum
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Test of Energy gain through the RFQ cavity

=

: E]deg.bencj -

/ \
200 1 v om

150 - " \

i n
I (enA) / \
100

T T T T T T T T T T
0.184 0.186 0.188 0.190 0.192 0.194 0.196 0.198 0.200 0.202
Magnetic field (Tesla)

« A/Gaussian fit to the distribution gives an final energy of 1603, 180.5 keV
ith an energy spread of FWHM of 4.97 keV ( 3 mm slit at object and

image planes)

Spiral Buncher and DTL cavities were operated in 'drift' mode and the bunch

width after the RFQ could not be measured due to lack of a time diagnostic.

G.RODRIGUES INTER UNIVERSITY ACCELERATOR CENTRE, NEW DELHI, INDIA 1/27/2021



ACCELERATION TESTS OF VARIOUS BEAM THROUGH THE RFQ

Beam | A/q | E; (keV) | E (keV) Cavity Pickup Peak Power
(mV) (kW)
He?" | 2.0 32 707 £ 3.0 38.2 13.2
Ne¥* | 2.5 160 3640 £ 2.8 43.0 18.0
0% | 2.67 128 2896 £ 2.7 43.5 18.3
N5+ | 2.8 112 2520 +£2.5 44.8 19.2
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48.5 MHz SPIRAL BUNCHER (MEBT SECTION)

MEBT spiral buncher cavity has been designed.
developed. characterized. tested, and
commissioned in the HCI beamline. High

Vacuum of ~low 107 mbar was achieved.

» The buncher cavity has been powered several
times more than its design value to check it’s
stability at high-power.

# The cavity was tested with various ion beams to

Spiral Buncher cavity

validate it’s electrical design.
installed in the MEBT

# The transmission has been improved be a factor

of ~ two. when MEBT spiral buncher cavity Section of the HCT

was on (old beamline).
» Beam testing continues in the new beamline.
transnussion further improved using the tuning

of spiral buncher.

Ton Beam Before Spiral After Spiral Comments
23nA 43 nA (Old Beamline)
Ne+s Current became almost double when
5 1nA ATA the spiral buncher kept on
Ton Beam After RFQ After DTL Comments
1300 nA 460 nA (New Beamling) \ Beam Test
N*S Transmission has been increased by a Resul
factor of ~two by tuning the spiral Results
1500 nA 650 nA biactes
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Layout of components for testing the first DTL cavity

D

EQ-01-1

GP TUBE

FC-02-0

BPM-02-1

BPM-02-2

BUNCHER

FC-02-1

MS-02-1

FC-02-2

MS-02-2

DTL-03-1

MS-03-1 8PM-03-1 MQ-03-18 FC-03-1

MQ-03-2

FC-03-2 BLV-03-2

5B-03-1 BPM-03-2 MQ-DTL-1A MQ-DTL-18

BLV-03-1 MQ-03-1A

BPM-03-3
MXXAH1] MXXH15, MS-DTL-2
MXXH12 MXXH16
MXXH13, MXXH17
MXXH14 MXXH18| MXXHO3
MXXH01 MXXHO4

MXXHO2 MXXHO5)

s YT,
B/

BPM-03-4
DS-03-1
MXXHO6

MXXH07

MXXHOB

MXXH09

BPM-03-5




. 0000 0.2€05
ICH VARIABLES (NC=4)
MFP MPE VALUE

1 11¢ =12,
1 118 &
0.000 mrad 1 120 -8.7

e

B= 4.60800E-02

CODE: Trace
FILE: testl8.T3D
DATE: 10/02/2018
TIME: 12:30:45

: D1 =621 mm

10.000 Deg X

D2 =400 mm
D3 =320 mm
D4 =300 mm

NPi= 1

3-D vESly

BERM AT NELZ= 125

Beam optics for RFQ--SB--DTL-1 with provision DTL-2 Layout beam test

HA--

-B31¢ E=

£.1145 B=

2.€807
-.BE3]

10.000 mrad

-Eo2

D5 =693 mm

D6 = 300 mm
D7 = 600 mm

75.00 keV

10.000 Deg

HEZ=

125

23.00 =m (Hoxris)

D2 D3

D4

FES
S

NI

1op 101

Length= 10551.0€mm
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RFQ--SB--DTL-1 with provision DTL-2 Layout beam test

Spiral Buncher

D1=621 mm
D2 =400 mm
D3 =320 mm

'\, D4 =300 mm

DTL-1

D5 =693 mm
D6 = 300 mm
D7 =600 mm

Lamgrh= 10551.0&mm




Test of Energy gain through the first DTL cavity

Pl
i
[ ]

< 9

' & / P f_é;v - -
__SPIRAL_,“FIRST= “MAGNETIC DIPOLE . /s =
1 BUNCHER - DTL cAVIEEPRS. Ny i g

= T -
Sy

y. |

o ( . e v ‘
.-_i* ~\:‘?f' ’l‘. '\ .

spiral buncher was put initially in “drift” mode

DC beam of Ne?* (8 keV/u) was accelerated through the RFQ with an energy
gain of 3.76 MeV (188 keV/u, slightly higher)

« Further accelerated by the DTL to an energy of 6.962 MeV (348 keV/u).

» To test the spiral buncher together with the DTL cavity, a 2.42 ns
bunched beam of Ne®* was accelerated by the RFQ to 3.949 MeV
and further bunched using the spiral buncher.

* The finalacceleration’through the DTL cavity'was determined’to be
7.148 MeV.




Installation DTL-2 to DTL -6, HEBT, Achromate-1 and beam diagnostic component for energy gain
measurement in Dec 2019
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Views of the system in Beam Hall 3 at different times

39 p.Re installed Nov 20 '

Setup disassembled August 2019

,/ﬂ\)‘
’,,/’1 ’/’,—f’
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Test of Energy gain through the second DTL cavity

All cavities following the second cavity were in “drift” mode

All miniature quadrupole triplets were used to transport the beam and analyzed
using the first Achromat

« Energy gain from second cavity of DTL was determined using the Achromat to be
234 keV/u in “Energy Dispersive Mode”

*  Maximum bunched beam transmission from RFQ exit to the first Achromat 36 %
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Beam tuning and diagnosis

37

» DC transmission of 20 % and bunched beam transmission was 32
% after RFQ in old configuration
» A maximum DC beam transmission of 25% and 36% transmission
for bunched beam were achieved through RFQ by analysing
using the first achromat in new configuration.
> It is likely that some dedicated diagnostics at close to the
entrance of RFQ and all along the downstream of RFQ and DTL
may/help to further improve the beam funing and overall
transmission.
| » Begam tuning has been rigorous and time consuming due to
gnormous amount of active elements. However, a lot of effort
as been put in, especially to study the optics and scale from
the predicted values
\i Repeatibility of beam tuning is important
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Future plans and Goals

» Commissioning of time diagnostic devices for ease of beam
tuning and improvement of beam fransmission before
injection info SC-LINAC

» Acceleration tests of following DITL cavitie

> Foil/gas stripping tests before injection into SC-LINAC
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Thank You for your Kind Attention
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ELECTRICAL DESIGN PARAMETERS OF 6 DTL CAVITIES

[#Length |Egain |VzLanaMV  |[Vz MWS)MV  |Ppeak(KW) |Ez°2/P |[Vratio |Ppeak(KW)2
T 38.7 0.137 _'0.971 ._:_._3.361 _':'_'109 :_"103  0.092 E
[2]695 (0234 [1.758 [3.587 |83 ,'\"155 lo265 |11
??89.6 ':0.312 _;2.318 '_'__3.450 '_|74 __ 161 _:0.498 _.18
7_93.6 276 |2.045 |2.984 |68 130 Jo.s18 |18
:'5—___91.7 344 ||2.453 13.074 |67 142 Jo.702 |24
?82 336 ||2:202 f:2.688 ___-_-67 (107 Jo.740 |25
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DTL CAVITIES : BEAM PULL & HIGH POWER TESTS

vy
1 Bead-pull profile matchés very well with CST profile.
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COMPACT BEAM DIAGNOSTIC SYSTEM (used between the DTL cavities)

Y-pl’lﬂfl le T BeM.2.2DEC 2 cov u 192 —i

13 "

Laxio® | ’.I i (C) I - o

Beam Currentin A

Position in mm
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TRACK simulation of the longitudinal
phase space at the entrance and exit of
the RFQ situated 4.0 m downstream from
the multi-harmonic buncher

0.025 ? e 0025 - : dwm
0.019 T f — | 0018 f t : | A V A¢ ﬁ)-
T S 0013 | R II)[ —_— = |
o008 |~ -{_ } 0006 “]_ — % -::' ‘\\1 - 2 : ) V n h L d.rift
0.000 - g ;_"‘_.'_’ . 0.000 | 7' : ' 'rl F deg
-0.008 ! b 0008 | - k-
= TR ] | il | 2N |
0013 iﬂw s g | 0013 El \\ — - ,II
0018 H‘"\——___ o i 0019 *\ \"i;: u'll
0025 1 1 ] [ 0025 - B 2l [
-a0,000 -45.000 0.000 45 000 90.000 -45 000 -22.500 0000 22.500 45.000
Entrance of the )
RFQ Exit of the RFQ

Calculated from formula  >Phase spread +/- 25.6°
From TRACK simulation > +/-22.5°

*For the heaviest ion measured, Vp ~ 40 V @ 20 kV
Energy spread is 0.11 %
16 % loss in transmission through RFQ besides 15 % loss through MHB due to grids

(from TRACK)
ues, R.Baskaran, S.Kukrety, Y.Mathur, Sarvesh Kumar, A.Mandal, D.Kanjilal and A.Roy, Rev.Sci.Instrum. 83,p.033301(2012)
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HYPERNANOGAN 180 kW

PKDELIS 15 kW
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___LINAC

_____________

_______________

All Dlmeusﬂons are m mm
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RF parameters Designed
Value
Resonance Frequency (f0) 48.5 MHz - 44,12

Quality Factor - 5524

Shunt impedance (Rsh) - 90k-ohm 87k-ohm

Power Required (Pin) - 80kW/m
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Final Energy after LINAC (MeV/u)
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