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S-Band Injector characteristicsand LINAC basic specifications:

INJECTOR
Energy Einj 150 MeV
Technology S-band, normal conducting
Mode of operation pulsed
Pulse length Ty *3 8
Max charge per bunch Op 1nC
Max burch frequency fh 10%s
Max number of bunches per pulse Np 10
Max puse repetition rate frep 1 kHz
Max beam current lb 10 1A
Max average bean power Py 1.5 KW
LINAC
Energy Elinac | 2.0GeV
Tedndogy L-band, supercondicting
Mode of operation cw
Max beam current Ip 10 1A
Max average beam power Pp 20 KW




THE SYNCHRONIZATION PROBLEM

1) SLAC S-Band: 2856 MHz =714 x 4 MHz
TESLA L-Band: 1300 MHz = 325 x4 MHz

| 260 || PIN AN
x65 PLL My diode —> 1300 MHz

5% harmonic

4 MHz x102 PLL —hﬁz— dli’ége A | > 2856 MHz

7™ harmonic

Advantages. use of the most widely diff used standard frequencies/techndogies
Limitations. low master frequency, poor flexibility for the bunch pattern in the pulse

2) Modified SLAC S-Band: 2860MHz =11x 260MHz

TESLA L-Band: 1300MHz = 5x 260MHz
PIN _/\_ L > 1300 MHz
diode " .
5™ harmonic
260 MHz PIN A |5 2860 MHz
diode

11™ harmonic

Advantages. simple frequency ratio, grea flexibility for the bunch petternin the pulse
Limitations. S-band sedions dightly modified (respect to the SLAC standard)

3)  CERN SBand « 3000MHz
CEBAFL-Band: e« 1500MHz

Advantages. integer frequency ratio, total flexibility for the burch petternin the pulse
Limitations: use of lesswidely diff used standard frequencies/techndogies

TESLA SC CAVITIESBASIC SPECIFICATIONS:

Resonant frequency fo =1.3GHz




Number of cells Nc =9
. 0
Quality fador Qo 110°@ 15MV/m
« 710 @25MV/m
Geometrical impedance RIQ=V2/apU *1ke
Structure length L *1lm
Accderating vdtage V *15MV @ 15MV/m
* 25MV @ 25MV/m
Wall power disspation Pd *23W @ 15MV/m
* 90W @ 25MV/m
Number of cavities (@ 2.0 GeV) Ncav *133@ 15MV/m
*80 @25MV/m
Total wall power disspation Pdot *3.1KWW @15MV/m
* 7.2 W @ 25MV/m
Max bean current lb 10 A
Max average beam power per cavity Pbc * 150W @ 15MV/m
* 250W @ 25MV/m
Max external quality fador Qext «2510
Min loaded cavity bandwidth few® fo/Qex *50Hz
Max cavity filli ngtime Ti » Lefgy *6ms
Min RF forward power per cavity PrE * \ﬂ/4(R/Q)Qe>¢ «2.25 RV @ 15MV/m

*6.25 RV @ 25MV/m

THE BEAM LOADING PROBLEM

Since we ae considering the option d using a CW, SC linac ®uded to a pulsed NC

injedor, the beam current is fradionated in short trains confined in ore pulse of the S

band RF system. In the limit case of trains made of a single burch, beam loading eff ects

are asent. If eadch train is composed by a artain number of burches, each burch will

absorb some energy from the cavity reducing the available gradient for the following




bunches. The train duration (i.e. the pulse length) is definitely too short to allow the
cavity energy restoring through the input RF, and an head-tail energy spread along the
train is unavoidable.

If we consider a cavity powered to Vic.*15MV/m and a beam current 1, « 10 pA,

obtained with 10 bunches of charge ¢, *1nC per pulse and a rep rate frgy = 1kHz
(Trep = 1 ms), wetypically end up with the following accelerating voltage envelope:
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The saw-tocth vdtage parameters are given by.

T el T

rep

1
AV = 5 N, O Wy (RIQ); Vgop = Av—l_ ST

The expected energy spread alongthetrain is *E/E « 0.28% in this case. If more than 10
burnches are mnsidered, a larger energy spread is expeded. Being perfectly correlated,
the spread can be (eventually) cancdled by properly powering ane or more off -frequency
cavities.
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To dstribute the train from -+/6 to ++/6 along the "correcting" sine wave the ratio o the
frequencies shoud be: Wae/Wre =1+ Y6KN,

whil e the amplitude of the mrreding sinewaveis: Voe = N_, AV

cav

The ondtion onthe frequencies adds one extra synchronizaion pgroblem, and it pose

some anstraints in the choice of bunch pattern inside the pulse.

The feasibility of other compensation methods (like injedion d the burch trains on the
rising front of the voltage of the crreding cavities) can be studied.
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BASIC LAYOUT OF A CW, L-BAND SC LINAC FOR SASE

source

circulator

Ejinac= 2GeV; Qg * 2.5 10’

Cavity cost: 3 GE/12 cavities;

dummy load

Cryogenics cost: 10GE » (Pt @ 2°K 1 kw)0;

RF cost: 30ME [ kw

Gradient PRF/cav PRFtot Pd/cav Pdtot [kW] | Cavities | Cryo[GE]
(MV] Qo/10M9 (kW] kW] kW] (GE] RF [GE£] Tot [GE]
15 10 2.17 289.58 0.022 2.896 33.33 18.93 8.69 60.95
16 9.7 2.47 308.88 0.025 3.184 31.25 20.04 9.27 60.55
17 9.4 2.79 328.19 0.030 3.491 29.41 21.17 9.85 60.43
18 9.1 3.13 347.49 0.034 3.819 27.78 22.34 10.42 60.55
19 8.8 3.48 366.80 0.040 4.168 26.32 23.55 11.00 60.87
20 8.5 3.86 386.10 0.045 4.542 25.00 24.80 11.58 61.38
21 8.2 4.26 405.41 0.052 4.944 23.81 26.09 12.16 62.06
22 7.9 4.67 424.71 0.059 5.376 22.73 27.43 12.74 62.90
23 7.6 5.11 444.02 0.067 5.842 21.74 28.84 13.32 63.90
24 7.3 5.56 463.32 0.076 6.347 20.83 30.31 13.90 65.04
25 7 6.03 482.63 0.086 6.895 20.00 31.85 14.48 66.33




RF SAVING LAY OUT (Feasible? to be verified)

i eWtkW RIF Cryomodule (8+12 cavities) -
input coupler _TEST A SC cavities / \
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dummy load
RF circulator circulator circulator circulator

Source

Elinac= 2GeV; Qayt * 1.2 10

Cavity cost: 3 GE/12 cavities;

Cryogenics cost: 10 GE « (P @ 2°K /1 kwW)2%;

RF cost: 7M£ [ kW

Gradient PRF/cav PRFtot Pd/cav Pdtot [kW] | Cavities | Cryo[GE]
(MV] Qo/10M9 kW] kW] kW] (GE] RF [GE£] Tot [GE]
15 10 4.52 603.28 0.022 2.896 33.33 18.93 4.22 56.48
16 9.7 5.15 643.50 0.025 3.184 31.25 20.04 4.50 55.79
17 9.4 5.81 683.72 0.030 3.491 29.41 21.17 4.79 55.37
18 9.1 6.52 723.94 0.034 3.819 27.78 22.34 5.07 55.19
19 8.8 7.26 764.16 0.040 4.168 26.32 23.55 5.35 55.21
20 8.5 8.04 804.38 0.045 4.542 25.00 24.80 5.63 55.43
21 8.2 8.87 844.59 0.052 4.944 23.81 26.09 5.91 55.81
22 7.9 9.73 884.8 0.059 5.376 22.73 27.43 6.19 56.35
23 7.6 10.64 925.03 0.067 5.842 21.74 28.84 6.48 57.05
24 7.3 11.58 965.25 0.076 6.347 20.83 30.31 6.76 57.90
25 7 12.57 1005.47 0.086 6.895 20.00 31.85 7.04 58.89
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LINAC COST (G£)

: Total cost (standard RF) '______________.._-—-—-—-
60 —
50 - Total cost (RF power saving)
40 |
01 cavity COSt - T -
20 i B NPT it R B eennr s
[ cryogenics cost
[ RI— cost (standarpj)_, -------------- -
10 e
B ol i T RF cost (.p_O\.N_GI: savm.g optlon)
O 1 i 1 i
14 16 18 20 22 24 26
Gradient [MV]
| 1 2 E H__ 4 5 6 7 H_ 8 9 {10
. . U UL L JUERIRRNRELN . | I .
"Standard" solutions: 10 cryomodules, 120 cavities, Vacel7 MV/m, Liore170 m, => 605GE
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"RF power saving' solution: 8 cryomodules, 96 cavities, Vacc21 MV/m, Ltot-136 m, => 558GE



