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- Optimization parameter space
CLIC |

“real-estate” gradient: <E_ > = <E, >%"Ve X N, s /(N s+3)

All structure parameters are variable: N structures:
<Eye>= 90 - 150 MV/m, 7
f =12 - 30 GHz, 10
Agp =50 - 130°, 9
<a>/A\=0.09 - 0.21, 24
Aa/<a>=0.01-0.6, 60
d;/A=0.025-0.1,d,>d, 61
N, s = 15 - 300. 4
221.356.800

N.B. In this slide and in the following two ones, new features are marked in red.
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4 structures are chosen from 285.
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For example:
Neeps = 100 -

Esurf = const,

Neens = 210 -
AT = const,

Neens = 90 -
P/C = const

Neens = 190 -
Max(n)
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e Optimization constraints

CLIC

Beam dynamics constraints:
N, L., depend on <a>/\, Aa/<a>, f and <E_..> and come from Daniel

N is determined by condition: W, , = 10 V/pC/mm/m for N = 4x10°

cycles

rf breakdown and pulsed surface heating (rf) constraints:
Eo ™ < 380MV/m & ATmax< 56K & Pint,1/2 < 1200 MWns?/2
or P, t/3<442 MWns'/3
or 40K or P, t,1/3/C <20 MWns'/3/mm
or P, 1,13/C <16 MWns/3/mm
or P, t,/2/C <42 MWns'2/mm
or P, t,/2/C <30 MWns'2/mm

Optimization figure of merit
Luminosity per linac input power:

JLdy/|Pdt ~ L, /Ny
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—=<=—  Beam dynamics input from Daniel
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—=<=—  Beam dynamics input from Daniel

Gradient Scaling:
N ~ <EClCC>
but
L., is simulated
taking N ~ <E_.»>
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7><% Luminosity per power optimization

CLIC
1/2 1/2
L,/N*n [a.u.] Pt;’2= 1200 MWns"2 ATM® = 56 K. PinTp /2 < 1200 MWns /

ATmax < HHK

150
140

130

CTF3 (7.11.2005):
~ 424 MWns!/2

120

<E o> [MV/m]

110

100

f [GHz]

Alexej Grudiev, Choice of frequency and gradient for CLIC main linac 9 November 2005



—=<=— " Luminosity per power optimization

CLIC
L,/N*n [a.u.] Pt;” = 442 MWns 3, AT = 56 K_ PinTpl/S <442 MWHSI/3
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—=<=— " Luminosity per power optimization

CLIC

L,/N*n [a.u]. Pt;’%'c: = 30 MWns2/mm, AT = 56 K_ PinTpl/Z/C < 30 MWns'2/mm
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—=<=— " Luminosity per power optimization

CLIC

LN fa.ul PE/C = 16 Mwns"/mm, AT = 56 K. PinTp1/3/C <16 MWns'/3/mm
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PP =

ZaS Luminosity per power optimization
CLIC |

Ly/N*n [a.u]. Pt/2/C = 42 MWnsZ/mm, AT = 56 K. PinTpl/Z/C <42 MWns'2/mm

B fc— — - !

e

1— T M NN ATmax <« 56K
S 1

150

140

7 CTF3 (7.11.2005):
~ 39 MWns/2/mm
‘K"J 120

110

100

f[GHz]

Alexej Grudiev, Choice of frequency and gradient for CLIC main linac

]
9 November 2005



7% Luminosity per power optimization

CLIC

L/N*n [a.u.]. Pt;”fc = 20 MWns"#/mm, AT = 56 K. PinTp1/3/C <20 MWHSI/3/mm
ATmex ¢ 56K
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CTF3 (7.11.2005):
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—=<=— " Luminosity per power optimization

CLIC

Ly/N*n [a.u]. Pt/2/C = 42 MWnsZ/mm, AT" = 40 K. PinTpl/Z/C <42 MWns'2/mm
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—=<=— " Luminosity per power optimization
CLIC |

£’N*n [a.u]. P/C = 20 Mwns™/mm, AT = 40 K. PinTpl/S/C < 20 MWns'3/mm

1 ATmex < 40K

150

75

140

130

CTF3 (7.11.2005):
~ 20 MWnsY3/mm

120

<E o> [MV/m]

3

110

100

90 i | | | 16 &
20 22
f [GHz]

]
Alexej Grudiev, Choice of frequency and gradient for CLIC main linac 9 November 2005



M

Parameter list of structures:1-4

W

- N

CLIC
<E, > [MV/m] 150 150 120 120
f[GHz] 30 16 30 20
Ao [°] 50 50 50 50
a,, [mm] 2.1,1.3 2.73,1.58 2.37,1.53 2.92,1.73
d,, [mm] 0.25,0.3 0.47, 0.47 0.25, 0.25 0.25, 0.25
L, /N*n[au.] 7.24 10.3 10.6 14.26
E, /" [MV/m] | 376 379 321 331
AT [K] 37.4 38 39.9 40
<a>/\ 0.17 0.115 0.195 0.155
L, [m?] 0.78x103 1.9x103 1.01x10% 1.85x10%
N 2.22x10° 3.82x10° 2.55x10° 3.78x10°
N_, I [mm] 76, 106 39, 102 107, 149 81, 169
N, 6 5 6 5
N, 64 88 79 76
7, [ns] 18.1 43.5 20.9 30.0
P, [MW] 99 96 106 116
n [%] 20.5 20.7 26.9 29.1

L
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— Parameters of structure 4 @)

CLIC :

Parameters of unloaded (deshed) and loaded (solid) structure
350 . ! ! ! ! ! ! !

| <Egee> = 120 MV/m
| — S S . — | £ 20 6Hz

250_ ..................... ....................... ...................... ...................... ...................... _

200 o B : ...................... ...................... .............. e
P =117.3 MW, P”"'°ad— 698 MW - s

Eff = 303%t—112nst =299ns P

P [MW] (black), Eg,, (green), E,. (red) [MV/m], AT [K] (blue)
S

iris number

N.B. Parameters are slightly different from the table because of interpolation.
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s Main linac parameter list @)

CLIC
For L, = 3.3x1034cm-2s-!

<E,_>[MV/m] |150 150 120 120
f[GHZ] 30 16 30 20

f rep[HZ] 657 197 415 234

L, [cm?s] 5.5x10% 7.4x10% 5.8x10% 7 4x10%
P, [MW/beam] |22.4 15.9 20.1 16.1
P,[MW/linac] | 109.4 76.8 74.7 55.6
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S = Conclusions

®
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CLIC

- Optimum frequency is in the region of 16-20 GHz

- Optimum gradient is in the region of 100 MV/m or
lower

- Reduction of frequency from 30 to 16 GHz at fixed
gradient of 150 MV/m increases luminosity per power by
"‘500/0

- Reduction of gradient from 150 to 120 MV/m at fixed
frequency of 30 GHz increases luminosity per power by
"’500/0

- Reduction of gradient from 150 1o 120 MV/m and
taking frequency of 20 GHz which is the optimum one at
this gradient increases luminosity per power by factor 2
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