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CW Linac:

* Energy: 2 GeV;
 Current: 1 mA average, 10 mA pulsed (100 ns trains, period 1000 ns)
 Beam dynamics close to HINS!

Suggestion:
* same structure at 325 MHz and about the same break points as in HINS:
 Changes: CW RFOQ and replace RT cavities with SC (1 family)
* 1.3 GHz linac is the same (S-ILC and ILC-1) with E___.~18 MV/m

Project X Front End Linac
360 kW 8GeV Linac ||| 225 MHz 0-10 MeV

1 Klystron (JPARC 2.5 MW)
20 Klystrons (2 types) 16 RT Cavities
436 SC Cavities 325 MHz 10-120 MeV

1 Klystron (JPARC 2.5 MW)
56 CryomOdmes 51 Single Spoke Resonators

5 Cryomodules

2.5 MW JPARC
Klystron

Muli-Cavity Fan-out
Phase and Amplitude Control

RT |SSR1|SSR1

B=0.22 3=0.4
9 cavities/CM 11 cavities/CM

325 MHz 0.12-0.42 GeV

3 Klystrons (JPARC 2.5 MW)

42 Triple Spoke Resonators
7 Cryomodules TSR | TSR [TSR | TSR | TSR | TSR | TSR

[3:0_6 & Cavites-6 quads / Cryomedule

1300 MHz S-ILC (0.42-1.2 GeV) ILC 1(1.2-2 GeV)




Break points in current design of HINS

E, MeV B Type

0.03-2.5 | 0.073 RFQ, P__, =350 kW (pulsed) SRT
2.5-10 |0.073-0.146 |RT (9 families), P,,.,=360 kW (pulsed) | >SC
10-32 0.146-0.261 |SSR1 (B=0.22) OK
32-117 |0.261-0.5 SSR2 (B=0.4) OK
117-400 |0.5-0.713 TSR (B=0.6) OK

e For CW operation SC cavities are desired.

e No SC RFQ in operation for protons (80 MHz SRFQ for heavy ions
operates for PIAVE linac)

- Choice: RT RFOQ;

e RT CW Quarter-Wave or
-»> Half-Wave SC cavities for the energy from 2.5 MeV to 10 MeV.




Acceleration from 2.5 MeV to 10 MeV (1)

Quarter-Wave resonators

48<f<160 MHz, 0.001< £,<0.2 S LR

-Compact N
*Modular

e *High performance

~ Low cost W
+Easy access 1 e

*Down to very low beta

*Dipole steering above ~100 ”
MHz i
*Mechanical stability below ~100 31
MHz dos
*(Quadrupole steering) Jo _
Very successful el
Potential problem: ANL 4-gap QWR family

e Field asymmetry needs to be compensated : beam offset, dipole steering or shaping the gap

e Mechanical stability
A. Facco Low-8 cavity design SRFO05 - Cornell, 10/7/2005



Half-Wave resonators

160=f<352 MHz, 0.09 < ,<0.3

*No dipole steering
*High performance
Lower E, than QWRs
*Wide beta range
*Very compact

*Not easy access
-Difficult to tune
‘Less efficient than QWRs
«(Quadrupole steering)

The first 355

best use around 200 MHz MHz SC HWR

ANL - p=0.12

ACCEL 176 MHz
SC HWR p=0.09

A. Facco Low-8 cavity designh SRF0S5 - Cornell, 10/7/2005



Spoke or Half-Wave Resonator ?

HWR:
“Juelich-type” (left)
'- and

23 “ANL-type” (right)
176 MHz, 3=0.14

Spoke and HWR
performances are comparable

352 MHz [3=0.17,

352 MHz Low-8 SC HWR
Resonator HWR Spoke Spoke
ype 001 (] (A. Facco, INFN)

optimum 0.17 021 018 . . .
ﬁpef.’mre (mm) 0 50 50 Possible CM design options
L, (mm) 232 286 385
L,. (mm) 180 99 85 He phase separa
L. definition Ly Lin BA .
U/ES2[mI/MV/m)}] 67 39 21
'=R, X Q(Q) 55 64 72
Viee (MV) (1) 093 083 069
Py (W) (1) 69 92 41
E, (MV/m) (1) 30 21 29

normalized to: Bpk =62 mT
and As =964 nQ.

Coupler




Transit time factor curves (normalized)

B/ By
Normalized transit time factor curves vs. normalized
velocity, for cavities with different number of gap

One family of the QW cavities:

QWR (=0.097): 0.073<[(3<0.146 or 2.5MeV<E <10 MeV,;
T>0.85! Gradient ~ 6 MeV/m, or > 460 keV/cavity (AE=GBA<T>).
Number of cavities = 16 (the same 16 RT in HINS)
Gain > 0.46MeV per cavity, Total Gain =7.5 MeV




E Field

blue

green

B Field

F(MHz) 325
Boptimal 0.22
Rcavity’mrn 245.6
R/Q, Q 240
TTF, Average 0.952
Emax/Eacc/Emax/Eacc* 39/41
E,_In. e 5.8/6.1
(mT/MV/m)
D, =(2*BN/2),mm 203

Eacc*= Eacc(Boptimal)* TTF’ Average

Normalized Transit Time Factor vs beta
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F(MHz) 325
OPTIMIZATION OF SSR B=O1 17 Boptimal 0.117
Rcavity’rrIrn 191.7
R/Q, Q 120
TTF, Average 0.94
e k& Je e . |6.15/6.55
Hmax/Eacc/Hmax/Eacc* 69/73
(MT/MV/m)
D#(2*BM2),mm 108

Eacc*=Eacc(Boptimal)* TTF, Average




OPTIMIZATION OF SSR 3=0.117 (cont.)
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H2Q@2K = Q@ 4K after 2K run
1 ¢ Radiation @ 2K © Radiation @ 4K after 2K run
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HMibbbdh,, 0, lfrom2410 33MVIm
1E+10 = — - 1.E+01
—{MP from ~11-15MV/m Ty 7 Y ~
5 2 @% <
% x
> S
& LE+09 | — LE+00 S
%@A - &
- 2 =
p ; ¥ ©
% * i
LE+08 - - LE-0L
- 0 "”@
K it 69)&?
2, Y 0000 58
1.E+07 - R m QY 20 SISMNROS poxed OTQ)%Q%Q% qule no.m S S MR 1.E-02
0 5 10 15 20 25 30 35
E.cc (MV/m)
Q, vs. E_ . from the first cold test of SSR1-02.
Maximal E__.= 25 MeV/m @4K; 33MeV/m@2K
At CW assume E__.= 15 MeV/m

that corresponds to:
E ..= 40 MV/m and

H__ =59 mT

Gain/Cavity vs beta
Pink : H__, = 59mT
Green: RT

« Based on experimental data it is

possible to reduce number of cavities,
if no limitation on beam dynamics




OPTIMIZATION OF HWR 3=0.1 F(MHz) .
BOptima| 0.1
Dcavity’rrlm 200
R/Q, Q 80
TTF, Average | 0.96
ErofEacd Bl | 62165
Hons/Eacel Honan Eacc 6.5/6.8
(MT/MV/m)
Deff(Z*B)\/z),mm 94

Eacc,,=Eacc(Bopﬁmal)* TTF, Average

XYPlt2 ~ HFSSModella
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Slot Cylindrical Cavity, =0.11

Geo

F(MHz) 362.3
R/Q 446
E o/ Eace 7.32
Himax/Eace 11.4 (m1mvim)
D.+~(4*BN2) 187.5mm

E field

H field



Slot Rectangular Cavity, beta=0.11

Geo

F(MHz) 343.2
R/Q 455

E__JE.. 5.28

H__/E 11.1 @rmvim)

max acc

D.+~(4*BN2)

187.5mm

E field

H field




Slot Finger Low beta Cavity, beta=0.08

Geo
E field
F(MHz) 342.3
R/Q 515
E ax/Eace 9.95
Himax/Eace 11.3 (mTmvim)
Der(4"BN2) | 136mm H field




Break points for low-energy part, 325 MHz

Section Energy B Number of Type of cavities Power/cavity,
range cavities/ and focusing kW
MeV lenses/CM element (I,,=1 mA)
Bunching 2.5 0.073 21312 Single spoke 0.5
SSRO cavity,
(B5=0.11) Solenoid
SSRO 2.5-10 0.073- 16/16/2 Single spoke 0.5
(B5=0.11) 0.146 cavity, Solenoid
SSR1 10-32 0.146- 18/18/2 Single spoke 1.3
(B5=0.22) 0.261 cavity, Solenoid
SSR2 32-117 | 0.261-0.5 33/1713 Single spoke 4.1
(Bs=0.4) cavity, Solenoid
TSR 117-466 | 0.5-0.744 48/48/8 Triple spoke 8.5
(B5=0.6) cavity, quads
SSRO SSR1 SSR2 TSR SILC -

325 MHz, 2.5 - 450 MeV
~150 m long

1.3 GHz,0.45 -2 GeV

~300 m long




Beam size, (cm)

Beam size, (deg)

X, Y RMS envelopes.
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Parameters of the single cavities SSR1 and SSR2, and
triple — spoke cavities TSR.

Cavity |[F E.. Letr | EP/Ec | By/Esce RIQ |G Qozk | Qoax | Pok P
type [MHZz] | [MV/m] | mm mT/(MV/m) | Q Q x10° [ x10° | pw [W]
SSRO 325 8.7 72 4.1 4.6 120 | 57 | 95 | 0.7 | 0.34 4.67
SSR1 325 10.8 135 | 2.62 3.87 242 | 84 [ 140 | 1.0 | 0.63 8.78
SSR2 325 13.6 | 246 | 2.42 3.95 322 | 112 | 180 | 1.3 | 1.93 | 26.74
TSR 325 9.75 | 943 | 3.22 6.85 554 | 117 | 19.0 | 1.4 | 8.03 | 108.99

Surface magnetic field in SSR0 — SSR2 is below 54 mT;
Surface electric field in SSR0 — SSR2 is below 36 MV/m.
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FNAL 325 MHz SSR1 cavity layout and photo. g=0.22




1.E+11

2Q@2K = Q@ 4K after 2K run

[ TTTTT]

¢+ Radiation @ 2K ¢ Radiation @ 4K after 2K run

- Jump thru MP barrier
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QO vs. Eacc from the first cold test of SSR1-02.
Maximal Eacc= 25 MeV/m @4K; 33MeV/m@2K
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Spoke Cavity. Surface resistance vs.T
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FNAL 325 MHZ SSR2 cavity layout. B=0.4




Conclusions:

« Both single-spoke and half-wave resonators may be used directly in
the initial stage of the acceleration instead of RT cavities;

* Present version of the SSR has higher r/Q than the HWR (120 Ohms
versus 80 Ohms), but further optimization may reduce the difference;

 Both SSR and HWR may be used in the same structure at 325 MHz
and same break points as in HINS;

« Further optimization of the cavity and the structure may reduce the
number of cavities;

« Alternating — phase focusing may be helpful (more detailed studies
are necessary);

 RF focusing may be used.
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