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Configuration of the Accelerator Complex
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Plan View of the Facility
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Site View of the Project
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Requirement
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m ~50-GeV, 15 uA, slow and fast extraction
for nuclear and particle physics experiments

m~1MW(~GeV), <lus, ~25Hz
for spallation neutron source



Features of the Accelerator Complex

e Synchrotron based cascade system
--> suitable for the several-ten GeV machine

LINAC + RCS(rapid cycling synchrotron) + MR (Main Ring)
400(600)MeV 3GeV 50GeV



RCSvsAR  advantages
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m Lower Beam Current ( Higher Beam Energy)
m Lower Injection Energy
m Higher Injection Beam Lossis allowed.

(If one increases the beam energy by a factor of 7.5 times,
the allowed beam loss during the injection is 7.5 times as
high asthat for AR with the same beam power.)

B Perhapsimmune against the e-p instability



RCSvsAR disadvantages
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RCS Challenges

m Lower injection energy in turn implies higher space charge
effect. Large aperture magnets are required, givingriseto
large fringing fields.

m Powerful RF accelerating system

m Ceramics vacuum chamber with RF shield to avoid the eddy
current effect

m Stranded coil to overcome the eddy current effect on the
magnet colls.

B Precise magnet field tacking is necessary for each family of
magnets



Proton Linac Requirements
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m Current
— Average 6/5 uA
— Peak 50 mA
m Pulse
— Pulse width 500 usec
— Repetition ) Hz
— Chopping ratio 54 %
— RF duty (600 usec ) - 3%
B Beam
— Energy 400 MeV

— Momentum width Ap/p =%+ 0.1% (100%)
— Emittance 37 5 mm-mrad (99%)



Proton linac
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To 3-GeV RCS
Ion source 4 RFQ DTL P SDTL — ACS BT >
MEBT MEBT2 \ To ADS
(324 MHz) (972 MHz) SCC  |——
50 keV 3 MeV  50.1 MeV 190.8 MeV 400 MeV 600 MeV

5.7 MW 23.6 MW 43.8 MW (10 MW)




Features of the Linac Design
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Conflicting Requirements

BMHigher accelerating frequency is preferable
 lower bunch current
e short focusing period
BElectromagnet ispreferablein order to keep the flexible knob
(Large Drift Tubes, Lower freguency)
» Both the equipartitioning and constant phase advance are
realized
* The parametric resonance can be avoided



Coll of Electromagnet in Drift Tube
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The coil iseectroformed and
Wire-cutted.




| ssues of the Linac Design
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m Beam loss, and beam quality degradeation arise at the
transitions

B Beam halos arise from the mismatching

->|_ongitudinal transition (200 MeV from SDTL to ACS) Is
separated from thetransversetransition (50 MeV from DTL
to SDTL)

->1% amplitude control, 1-degree phase control, ~ ath
alignment (perhaps actually ~ 0.1 mm at best), axial
symmetry



Technics Supporting Design Features
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B t-mode stabilizing loop (PISL)
m High-quality eectroplating technique (PR-method)
m Electroformed coil

m Axially symmetric high-energy accelerating structure:
Annular-Ring Coupled Structure (ACS)

m Chopping system
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Focusing scheme in the DTL
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Cs-seeded lon Source
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30mA RFQ
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Inside view of the RFQ
stabilized with Pl

=

The 30mA RFQ
Installed In the test area



Emittances at the RFQ exit
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MEBT Photograph
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Comparison of the L attice Parameters of the 3-GeV Synchrotron (1)
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----- The Circumferenceisincreased by a factor of 10/9 ---

Circumference
Typical Tune
Transition Gamma
Maximum RF Voltage

New Lattice Previous
348.3m 313.5m
(6.72,6.35) (7.35,5.8)
0.17 9.05

450 kV 420 kV

Maximum RF Voltage per Cavity
42 kV 42 kV

The Number of RF Cavities

11 (+1) 10 (+1)



Comparison of the L attice Parameters of the 3-GeV Synchrotron (2)
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----- The Emittanceisincreased by afactor of 3/2 ---

New L attice Previous
Painting Emittance at | njection(;t mm.mrad)

216 144
Collimator Acceptance 324 216
Physical Aperture 4386 324

Bunching Factor with 2nd harmonic

0.41 0.41
| ncoher ent Tune Shift with 0.16 0.23
Bunching Factor without 0.27 0.27

| ncoherent Tune Shift 0.24 0.35



Comparison of the Lattice Parameters of the 3-GeV Synchrotron (3)
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The Emittanceisincreased by afactor of 3/2,whilethe gap of the BM isasit is.
The number of familiesisincreased.

New L attice Previous
Bending
The Number of Magnets 24 24
Gap Height 210 mm 210 mm
Good Field Region 200 mm 190 mm
Quadrupole
The Number of Magnets 63 66

The Number of Families 11 7



RCS Configuratiion
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to 3GeV users
50GeV ring

Circumference 348.3m

Injection Energy 0.4 GeV
Extraction Energy 3GeVv

Secondary collimator Repetition 25Hz
Beam IntensityC g-:%x 10 1 ppp
; Average Beam Current
HO dump line Extraction Beam Power 1.0MW

x

Typical Tune (6.72, 6.35)
M omentum Compaction Factor  0.012

Total Number of Cells 27
The Number of Bending Magnets 24
The Number of Quadrupoles 63

Har monic Number 2

RF Frequency 1.23~1.67 MHz
Average CirculatingBeam Current  82~11.1A

from Linac
400M eV

RF Cavity
9 10m

Longitudinal primary collimator



Beta Function of RCS
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Dispersion Function of RCS
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R& D Dipole Magnet for 3-GeV Synchrotron
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Repetition rate : 25[Hz],
Core length : 1.0[m], Gap height : 210[mm]
Max. field : 1.1[T] at3GeV , Min. field: 0.27[T] at 400MeV



Int. Adv. Comm. 3/05-05/2002

Specifications of 50 GeV Main Ring

injection energy
extraction energy

# of protons
repetition rate

ave. beam current
beam power @50GeV
superperiod
harmonic number

rf frequency

3 GeV

/
//
/

3.3 x10% ppp

50 GeV (40 GeV Gpliase-I

0.3 Hz (~3.6 se):

N :

15 uA (@slow beam extr.) "

9

1.68MHz(inj.)-1. 7 29




Acceleration Cycle

extraction
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P1 P3 P4 P5
P2

—  Slow beam extraction
---= fast beam extraction

P1 - P2(injection)

P2 - P3(acceleration)

P3 - P4(extraction)

P4 - P5

total

slow beam extraction
duty factor
average current

0.14 s
19s
0.7s
09s
3.64 s

0.20
15pA



Int. Adv. Comm. 3/05-05/2002

Injection/Extraction Scheme for 50 GeV Ring
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Int. Adv. Comm. 3/05-05/2002

Minimization of Beam LoSS : key issue for reality

“radiation safety” & “maintenance”

beam loss-> * controlled : localized and shielded (cf. ESS at extraction)
* uncontrolled : whole ring ~1W/m

allowed beam losses :

-Injection I135W  0.3% cont.
-collimator 450W 1% cont.
-ring 0.5W/m 0.36% uncont.
-slow beam ext. 7.5kW 1% cont.
-fast beam ext. 1.125kW 0.15% cont.
total 8.9kW 2.7% @slow beam ext.

2.5kW 1.8% @fast beam ext.



Residual Radiation Activity

example -> 3-50GeV BT collimator

JHF scraper surface residual dose

. Inner side @ Jaw I S L
> 0.15v/h eam loss 0.45kw) g o A

. Outer shield surface T
shield : 45cm iron % ; T T
~3mSv/h -y

S S A S 1 g

uuuuu

* after lday cooling off following 30days operation



Radiation Shield at Beam Extraction Area
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Int. Adv. Comm. 3/05-05/2002

What causes beam loss?

Beam Dynamics:

high intensity beam behaviors
- Space Charge Effect
coherent, incoherent, non-linearity, halo formation
- Instabilities
microwave, e-p, coupled bunch, etc.
- others?
large acceptance
- fringe-field effect



Int. Adv. Comm. 3/05-05/2002

Space Charge Effect -Laslett tune shift(spread): rQ-

. 50GeV MR
AQ=- 0.14
*emittance 54 mm.mrad
*beam intensity 3.3x10* ppp
*bunching factor 0.27 - N
*form factor 1.7 AQ = — rEN,
ey’ B
. 3GeV RCS (for 50GeV MR) N -
ANQ=-0.22
*emittance 144 mm.mrad

*beam intensity 8.3x103ppp
*bunching factor 0.42



Int. Adv. Comm. 3/05-05/2002

Emittance & Acceptance for 50GeV PS

emit. nor. emit. collimator physical
mumm.mrad) (Eumm.mrad) accep. accep.
3GeV PS
injection 144 146 |1 5ﬁmes324 486
extraction 54(core) 220" - 486
3GeV BT
collimator 54 220 54 120
50GeV PS
injection 54 220 54-81 81
extraction 10 330" ) 1 5times - 81
(30GeY)
extraction 6.1 330 - 81

(50GeV)



Lattice of 50GeV PS

*Imaginary transition gamma :
y -> 321 (no transition energy )
* Negative dipspersion at bending magnets :

missing-bend structure i
*Zero dispersion at t;mig) io ol | ” ! i 5'“"3!
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Int. Adv. Comm. 3/05-05/2002

Layout of Magnets -Missing Bend. Mag. Section-

Insertion C
116.1m
RF, Fast Extraction

50 GeV Ring
--- 1 Module (15°) of the Arc ---

S
~

General Layout
of the 50 GeV Ring
(Circumference: 1567.5m)

‘' 406.4m, 120° .

S
; traight Tunne| Section (ge

Strai
traight Tunne| Section (g




Layout of Magnets -straignt section (RF & fast. ext.)-

50 GeV Ring
--- Insertion C / RF & Fast Extraction ---

General Layout
of the 50 GeV Ring
ire 1567.5m)

A 0

1

L P " P P " P " T IR
Z70m 780m 190m 500m 510m 520m 522.5m

50GeV-InsertionC



Int. Adv. Comm. 3/05-05/2002

Tunnel -cross section-
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Int. Adv. Comm. 3/05-05/2002

Hardwares

1) Magnets

1.9 T-D magnet, large bore Q magnet
2) Magnet Power Supply

low ripple & 100% power factor with IGBT
3) RF System

High gradient RF cavity with Magnetic Alloy
4) Electro-static Septum

Small beam loss at slow beam extraction



HiBo (%)
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Int. Adv. Comm. 3/05-05/2002

Dipole Magnet for 50GeV MR (R&D)

S i

gap Height 106 mm
useful Aperture 120mm
field 0.143-1.9T7
length 5.85m
weight 34 ton

Fisig Disoripition
(Peisson. BAYTS24, GEEFT GO0} W4 (BM1524)
(VTN

x lem} i

good agreement with calcdiations!



Int. Adv. Comm. 3/05-05/2002

Quadrupole Magnet of 50GeYV PS (R&D)

Bore Radius 63mm
Useful Ap. 132mm
Makx. Field 18T/m
Length(max.) 1.86m

Mulipole Component of

R&D Quadrupole Magnet
0.0012 , ,
pooi [°©
00002 E I
c L
.ﬂl i % Db
oooos | O PE
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0.0004 | b ]
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o000z - -
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Int. Adv. Comm. 3/05-05/2002

Vacuum Chamber

Magnat Cora I Magretl Core

Yacuum Pipe 7L
s
'1

S - E_—
| ulater

Magrnet Cora 128 2
133

106 (Magnet Gap)
104
100

=

Maogrnat Care ' Magnat Cors

bending magnet quadrupole magnet



Magnet Power Supply

Int. Adv. Comm. 3/05-05/2002

* development of new type high power switching devices

(IGBT, IEGT)

accelerator
INS-ES
KEK-booster
KEK PS
SPring-8 syn.
JHF R&D
Tsukuba U.
50GeV MR

year

1962
1974
1976
1996
1999
2000
2007

sSpec.

21.5Hz

20Hz
0.5Hz
1Hz
0.3Hz
0.4Hz
0.3Hz

w.f.
sin.
sin.

trape.
trape.
trape.
trape.
trape.

cony.

MG

SCR

SCR

SCR

IGBT

IGBT
IGBT/TEGI(120MVA



Int. Adv. Comm. 3/05-05/2002

Magnet Power Supply (R&D)

* self-converter(PWM) type (high freq. switch. ~20kHz)
* no reactive power 100 % power factor

* ripple ~ 10

* tracking error ~10*




RF Cavity with Magnetic Alloy

* RF behaviour at high field
uQf (shunt.imp.) vs. B,
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High Field Gradient RF Cavity with Magnetic Alloy

-MA Cavity-
Field Gradient of RF Cavity

Protron Synchrotron RF System
60
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Int. Adv. Comm. 3/05-05/2002

MA Cavity - Cut Core

* Increase of Q-value with cut core -> curing beam loading

7.E+09

6.E+09 [

5E+09 ¢

4E+09 [ —— /0 Cut{#2-9,

”c;:r 97/10)

3.E+09
Cut Core #2
with Epoxy and

2E+00 [ 5i02, 2mm
spacing (98/10)

1.E+09 [

0.E+00

0 5 10



Int. Adv. Comm. 3/05-05/2002

* Cooling (indirect)

) g 1776 =1 MA o7
-copper cooling plate . —— / oy
. . . - — 170, 186 3
-keeping high shunt impedance -
RL T i i |
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| 1200
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core cutting with water-jet MA Caivty



Int. Adv. Comm. 3/05-05/2002

Electro-static Septum (R&D)

* High Field -> 237kV :achieved(1.4 x design voltage)
* Need high quality ceramic feedthrough

ESS(R&D) assembl



Summary Linac Schedule Milestones
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JFY01: Most components for 200-MeV Linac and Bldg. to
beordered

Mid JFYO02: Most components for 400-MeV Linac to be
ordered

Summer JFY 04 : Bldg. Completed, I nstallation to be started
March JFY05: Commissioning to be started
Mid JFY 06: Beam injection to RCSto be started



Summary RCS Schedule Milestones
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m JFY02: Half of componentsfor and Bldg. to be ordered

m JFYO03: Remaining half of componentsto be ordered

m March JFYO04: Bldg. Completed, I nstallation to be started

m Mid JFY06: Beam injection to RCS, that is, RCS
commissionng to be started

m March JFY06: Beam extraction to the Neutron Sour ce and
to the 50-GeV Ring



Summary 50-GeV Ring Schedule Milestones
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JFY01: Most of magnets and power supplies have been ordered.
JFY 02: Remaining componentsto be ordered

Mid JFY 05 : Bldg. Completed, Installation to be started

March JFY06: Beam injection to the 50-GeV Ring and its
commissioning to be started

Mid JFYO7: Beam extraction to the Nuclear and Particle
Experimental area



Summary schedule

magnet system

- future upgrade
] P ~4MW

beam

magnet PS

vacuum system

RF acceleration |
system

beam
diagnostics

beam transport
& injection system|

fast extraction

slow extraction

beam abort
& collimator

control system

1

il

building ]
& tunnels . fabrication
utilities i |:|

2001 2002 2003 2004 2005 2006 2007





