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Overview of the BNL Hadron Complex
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Hadron-based user and research faC|I|t|es
Linac Isotope Production (BLIP) / Medical Isotope Research and Production Program (MIRP)
NASA Space Radiation Laboratory (NSRL)
Tandem van de Graaff accelerators
Relativistic Heavy lon Collider (RHIC)
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Hadron Preinjector at BNL

Llnac (1 970) EBIS |njector (201 O) Tandem (1970)

lon: H-, H-A H-U H-U

E: 10 -200 MeV 2 MeV/u 14 MV (1+q)

love : 200uA, ~150 nA ~10 UA

RR: 10 Hz 5 Hz dc/pulsed

User:  BLIP, NSRL, NSRL, RHIC SEU, NSRL
RHIC RHIC,

<" Brookhaven :
k' National Laboratory Can serve all the users simultaneously 4




Motivation

* Increase proton energies to 600 MeV or higher
* Allow for more spallation target irradiations

*Higher energy allow more fast neutrons for radiation
damage studies.

 Light lon linac energies up to 60 MeV/u

« To reach the energies and current of light ions which
are not available elsewhere for a variety of
applications

* Nuclear reaction cross section measurements
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Requirements

Proton:

Energy 600 MeV
Av. Beam Current 200 pA

Beam Power 120 kW

lon:

m/q <2.3
Energy 60 MeV/u
Av. Beam Current 200 pA
Beam Power 34 kW
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Protons
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Options for Proton and lons

#0

lon LINAC
Target and
processing inside
Bldg. 912

#4
450 MeV additional
accelerating cavities
lon LINAC
Target and processing
6\ inside Bidg. 912

800 MeV
Accelerating cavities in tunnel,
lon LINAC, upgrade to tunnel,
new taraet and processina

New target and
processing in
building
#3
800 MeV -
Accelerating cavities - )
* New BLIP buildings shown are 100" X 150 in tunnel =

New tunnel, new
/\;arget and procegsing
N\vuildina
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Options for Protons (Cont. )

* Green field 600 MeV SC cw/pulse Linac: Too costly

* Addon 400 MeV SC linac: Will not fit in the existing
tunnels (currently idle), need new tunnel

Replace 5 or 4 tanks of DTL: Interrupt many programs

A 400 MeV CCL in existing tunnel to add on 200 MeV
Linac leaving room for expanS|on il = o
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BNL 200 MeV LINAC Beam Parameters

lon H-
Frequency 201.25 MHz
Injection Energy 0.750 MeV
Final Energy* 10-200 MeV
Peak Current 60 mA/~ 1.5 mA P* (~85%)
Pulse Length 575 s
Repetition Rate 6.67-10 Hz
Number of Tank 9
Length 144.8 m
Total Peak RF Power 22 MW

Energy can be changed pulse to pulse
Build in 1970
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Yearly Ave. Current and Beam Power, Availability and

Residual Radiation
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Two High Intensity Sources

Magnetron Source 1
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OPPIS

Peak current 1.5 mA

Pulse Length 500 us
Polarization.

Magnetron H- Source

« Peak current 135 mA
« Pulse Length 1.1 ms
« Extraction 35 kV



Linac Intensity Upgrade Phase I

Upgrade all hardware and controls to allow operation with
2x pulse length (increase from 450 to 900 ps); peak current and repetition rate
unchanged

Project goal: increase average current to /,,4 = 250 pA
(with potential for larger increase)

Upgrades to 55 mA L beam current
1. RF system
2. Controls >
3. Instrumentation
0 450 ms 900 ms

4. Pulsed quadrupoles PS
Two prototypes' PS tested

5. Tanks #5 and #7 were
tested with 1.1 ms RF

time

6.67-10 Hz repetition rate
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Proposed CCL

200 MeV: 3=0.5662, y=1.213, By=0.687

600 MeV: 3=0.7944, y=1.6395, By=1.2992

E,... = 0.8 Kilpatrick (E,..= 1.4 Kilpatrick’)

8 CCL Module (12 MW each)

4-8 section per module ( 3-7 Bridge couplers ; 3/2 BA)
16 cells per section

Total number of cell 48*16=768

Two 16 cell buncher (200kW each)

Total Length with Transition 120 meters

90 meter of tunnel length for future upgrade

" Fermilab CCL, Nose not water cooled
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CCL Comparison

BNL LAMPF | FERMI |SNS BNLII
Structure DTL CCL CCL CCL CCL
Freq. 201.25 |805 805 805 805
E in (MeV) 0.75 100 116 86.8 200.4
E out (MeV) 200.4 800 400 185.6 |608
E,T (MV/m) 14-1.0 [14-1.3 |6.8-6.1 |2.1-2.0 |4.4*
Length (m) 145 731 64 55.1 ~121
Pulse Len (us) 500 1000 |60 1000 [1000
Spark Rate <0.1%
AE (RS) (MeV/m) [ 1.37 0.96 4.4 1.8 3.4

Brookhaven
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Tank 9 to RFF, TRACE3D

- Janks9 =

=

TRACE3D SIMULATIONS

BEAM AT NEL2= 99

530 538'2??2 MeV
. . ) =— =
805.00MEz _ WL= 372.41mn ¥ Al \ = '

24.000 9600.00
22.701  23.948 10784.44 \
Nl= 3 = 99
PRINTOUT VALUES
P PE VALUE \
5 335.48300
1.19400 \

BEAM AT NEL1= 32

H A= 1.1300 B= 4.1223
V A=-0.41000 B= 2.4256

\

\
1 gi b 000 ' é
50.000 mm X 5.000 mrad MATCRING TYPE = 9 50.000 mm X .000 mrad
DESIREDIVﬁLUES (BEAMF)
a

a eta
-0.0062  1.5154
-0.0674 8.1855 RS
-0.0306 0.0116 / N\
TCH VARIABLES (NC=6) ! \
MPP MPE UE ! \

P
1
1
1
1 18
1
1
1
1
1

Z A=-0.25000 B= 7.18800E-02 Z A= 3.80137E-03| B= 1.21656E-02

=Rl

wo
b

3 6.18235 !
89 -1.69948 \ '
81 . |
75 0.61353

91 1.36209 \ /)

\
\
\
[EEEVEN

CODE: TRACE3D v67LY
FILE: ref cclMv2.t3d 50.000 Deg X | 1500.00 kev

50.000 Deg X 1500.00 kev

NPI=_32 e DA WP2=__ 99
50.00 mm (Horiz) 60.0 Deg (Long.)

5.00 mm (Centroid)

-5.00 mm (Centroid)
50.00 mm (Vert) Length= 45372.24mm




REF To BNTF Tunnel

* Length between wo 30-degress bend 29 m

« Six 90-degrees FODO cells, canceling dispersion
« Maximum beam size 15 mm. aperture 30 mm

* |In dipole Lorenz stripping looses < 1e-10

* 10 accelerating section in two module

1BLIP II Bend

2 T T T T T T T T

S [m]




TRACES3D simulation 200 to 600 MeV

BEAM AT NEL1=

Accelerated to 600 MeV

1 - BEAM AT NEL2= 199

.85000E-03| B= 1.4
.57800E-02| B= 7.9

I=  150.0mA
200.4000 608.0830_ MeV. H A= 1.8689 B= 9.1528
MHz ~ WL= =-0.83577 B= 3.8284

50.000 mm

X

10.000 mrad CODE: TRACE3D v67LY 50.000 nm X 10.000 mrad
ccl s 600mev.in

2 A=-3.11600E-02| B= 1.21400E-02

FILE: bli)
DATE: 03/ 5/20}.’1

TIME: 13:34:2 Z A= 2.21922E-02| B= 4.90447E-03

50.000 Deg

2000.00 keV

X 2000.00 kev 50.000 Deg X

NP1= 1

NP2=_ 199

20.00 mm (Horiz)

15.0 Deg (Long.)

200 MeV beam drifting through CCL

/\/\\/\ /\/\\/ \/

Length=121328.12mm

20.00 mn (Vert)

¢ Brookhaven
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BEAM AT NEL1= 3 BEAM AT NEL2= 194
RS | B LR i, il B | B R
- S 281000 181020° 430080 S
18.000 18.000 4000.00
N1= 3 2= 4
PRINTOUT VALUES
VALUE
N MATCHING TYPE =
MATCHED _BEAM DESIRED
\ (match to BEAMI)
lgha Beta
X -0.7206 1.4535
y 2.2963 5.8770
ggﬁg: TRACE3Dl 67200
: ol 8 200mev. in
50.000 mm X 10.000 mrad DATES 03/ 5 50.000 mm X 10.000 mrad
TIME:
Z A=-3.11600E-02| B= 1.21400E-02 Z A= 81.086 B= 28.553
—
; —
50.000 Deg X 2000.00 kev 50.000 Deg X 2000.00 kev
PI= T NP2=_ 197
15.00/mm (Horiz) 15.0 Deg (Long.)
Y Yy
15.00 mm (Vert) ength=118520.86mn




CCLDYN simulations , 10k particle, no losses , less than 10% emittance growth

1 216,20, 24, 28. 30, 36, 40. 44 48. 52 6. 60
W | 005 S5 -8 0. 8 1.%05 S5 -8 0. 8 1.5_1.(—)15. -8. 0. 8. 15.
0. -.002 .002 -5
‘ S SRRRNRRRNY 002 0023 5
oL 1
07 16, 20, 24, 28. 32, 36, 40. 44. 48. 52. 56. 60 0w temratiam 000 yyp emradiamy | aphiaw @egmey )

\ \ \ \ \ \ \ \ \ \ \ \ \ output phase-space projections at tank 49 ngood = 10000

L kS 0 & 15eskS 8 08 1S g5 8 0 & 15
T
i h 0.‘ 0. 0.
15'phi-pl‘lis (de‘ Vs‘tlmkno.‘ ‘ ‘ | ‘ | ‘ | | | | 002 0023 S5
-1.5008' A“. ‘é) 1‘ - 1‘6 2‘0 2‘4' %8 3‘2' 3‘6 4‘0 4‘4' 4*8 5‘2' 5‘6 60. 005 X-Xp (cm-radian) 0050 y-yp (cm-radian) 1.0 dphi-dw (deg-mev )
[ N ) . input phase-space projections at tank 1 npstart = 10000
B (fm) 7 BLIP CCL : IFEB 20211 BLIP2 | BNLI
N
|
1.5000 | | | | | | | | | | | | | |

X (cm) vs. tank no.
BLIP CCL : IFEB 2021/ BLIP2 | BNLI
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Light lon Linac
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Light lon Linac

Options
« Room temperature , Superconducting , or combinations
- Wide range of experience with RT RFQ and IH up to several MeV/u
- Higher energy, superconducting linac
- Transition energy RT to SC (depends on peak current, Space charge)
 Pulse or CW
- Limited experience with RT CW operation
« Higher current ion source for light ions (Laser, EBIS, ECR)

What is riskier, high peak current IS (Li) or CW RFQ (RT) ?

(,\ Brookhaven
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Proposed Design for Light lon Linac

ECR (Li)

162.5 MHz Bg0.25

switcher RFQ(162.5MHz)  IH (162.5 MHz) HWR HWR HWR  HWR
1000 keV/u, 2.83m 11 MeV/u, 8. m 60 MeV/u

20 keV/u

ECR (H,D) Peak beam current 2 mA

Beam pulse length 1 ms
Repetition rate 100 Hz

k? Brookhaven
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lon Sources and LEBT (20 keV/u)

ECR sources could be used for the light ions

R N N T

2.5 GHz

He, Li ECR 14-18 GHz

@
Liovenand ECRIS - &

k}‘ Brookhaven
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<1 pi mm mr

2 mA <1 pi mm mr

LEBT

-Magnetic switchyard to inject the
beam from either source into the RFQ.
-To provide mass to charge separation
big angles (-45°, +22.5°, and +45°) to
RFQ

- Adjustable water-cooled slits all three
lines expected total power several
hundred Watts

23



RFQ: 1 MeV/
. ev/u
RFQ parameters
RFQ design parameters
-_ | *DﬁSIGN' FREQ=162.50 MHZ, Q= 1.00, WI= 0.04, WP= 2.30, A"“: 2.30, Ii.zs.zsnz:;‘i}?lexi

ions <2.3

Frequency 162.5 MHz

Ein 20 keV/u

Eout 1000 keV/u

Length 2.82 m
PARMTEQM simulation for Li***

Ave' Radlus 56 mm *DESIGN* FREQ=162.50 MHZ, Q= 1.00, WI= 0.04, WF= 2.30, AMU= 2.30, I=  5.0MA.

60 X (cm) vs cell numb?r ‘ ‘
: T

Vane Voltage 90 kV [T —

-.30—
-.60

| |
power = 1 80 kW L60.Y_(cm) vs cell numbseur 100 center of cellsi0 o ”

T f T I
W30 —
i

Transmission 98 % - P

-.60 ! | |
50 100 150 200 50

180 Phi-phis (deg) vs cell number

current 5 mA oo T i

|

emlttance 07 H mm mr 180 L 50 0 10 700 750

.20 W-fis (MeV) vs cell r?umber

100 —

k? Brookhaven .

National Laboratory o 98.0 1
_ 0%
.20 ar 100 150 200 0




RFQs

BNL Polarized RFQ 200 MHz

uuuuuu

BNL high intensity RFQ 200 MHz
750 keV

BNL EBIS RFQ 100 MHz, 300 ke

V/u, M/Q ~ 6

25



IH Linac: 11 MeV/u
paramotr vaes [unts
<2.3 M/Q

lons

Ein 1 MeV/u
Eout 10.8 MeV/u
Section 2

# of Gap 63

Length 7.8 m

Power ~1.5 MW
Transmission 100 %
Emittance 0.9 II mm mr

Beam Envelope X / mm

Beam Envelope Y / mm

Total Versus rms Beam Envelopes

0 1 2 3 4 L. 8 7
Beam Axls / m
— 95.0 % ,total
— 95.0 % ,rms

8_
6_
4—

-2
-4

Beam Axls / m

&/ mm mrad = 0.71385 [ 95%] En/ mm mrad = 0.91602 [ 95%]

X /mm, Exit

26



IH Linac at BNL

BNL EBIS IH Linac

Ton D-U
QM .16-0.5
Energy 2 MeV/u
Current 1.5 emA
Pulse Length | 10 ps
Rep. Rate S Hz
Emittance 0.7 7 mm rad (nor, 90%)
Energy 1.8 keV/amu

Spread

27



SC Sections

TraceWin Simulation

Input Phase Spaces X, Y profiles

PlotWin - CEA/DRF/Irfu/DACM Besil2aseosm]  weooD:igg00/l0000 ... em IR
Parameters Value Eie 40 0] NGOOD: 10000 / 10000 .
X(mm) - X'(mrad) Y(mm) - Y'(mrad) = 3
1 1 =
; I ¥ L.

Ein 10.8 MeV/u [ t
E Out 60 MeV/u | 3 ;

6420246 6420246 g Ee
C ryom od u Ie 4 Z(mm) - dp/p(%) : ) X(mm) - Y(mm) > .

40
Element #

Cavity /(CM) 6

So I e n Oid/(C M ) 3 _;23;27.9(7)2 m?n d::9 _gm-a“x =_4;2.4200 m%n Y“maf
pmax =0.426 % =4.433 mm

: Output Phase Spaces
Cavity type HWR

.
AE and @ Profiles

ﬁG 0 . 2 5 Ele #81 [24.5893 m] NGOOD : 10000 / 10000

PlotWin - CEA/DRF/Irfu/DACM X(mm) - X'(mrad) ; Y(mm) - Y'(mrad)

N 3

PlotWin - CEA/DRF/Irfu/DACM

Ele: 81 [24.5893 m] NGOOD : 10000 / 10000
E F
Eacc 10.5MV/m & e et |

%.0.27

Length 25m — —
0.6  —
0 Zb 4b Gb Sb -ltl-‘zl(‘)lé“!‘
Element #
30 F o Z(mm) - dp/p(%) X(mm) - Y(mm)
= 204 i
H 104 -0.1
ol e e |
A B - 0.01 -0.
g 104 )
&-20 .
30 105 0 5 10

pmax =0.210 % =2.995 mm
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HWR Cavity

| Parameter |HWR | UNITS
162.5 MHz
I 0.25

HWR Design

046155 m

14.8 MV/m
-20 deg
68 MV/m

Bpeak 72.5 mT

E; eak/Eacc 4.9

B eak/Eacc 6.9
256 Ohm

Ohm

# of cavities 24




Cryomodule

750W @30-50K, 200W@2K, 230W@4.5K
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4 CRYOMODULES X [6 X 162.5MHz HWR + 3xSC-Solenoids]

Cryogenic Load Requirements

I N
Shield
] W W

W w

SRF modules 200 230 750
Cryo-Distribution 50 50 1000

200 280 800 1000
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Summary

* Protons

 Protons 200 to 600 MeV, max beam power 120 kW
« Will use existing linac as injector,

« Based on Fermilab CCL design at lower Kilpatrick

« Use existing tunnel, new RF gallery

* A 90 m tunnel available for future upgrades

« Since linac can change user 100 ms , will satisfy existing user ( RHIC, NSTL,
BLIP)

* Lightions
« Lightions 60 MeV/u (m/q ~ 2.3), max beam power 84 kW

« Use existing technologies
 New tunnel and RF gallery
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