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Introduction

AT CLIC:

e NO massive absorber can survive the impact of even a single bunch
train
= Use of a thin spoiler (lengtk half a radiation length) to
Increase the divergence of the beam, and installation of an
absorber somewhere downstream

e Aim of this study : specify the beam sizes for a given material to

avoid damages
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Mathematical basis

Resolution of a linear differential equation via an integral method

ai1+i2+i3f
D)= 2. tninia@y a5 man =0 (B)
11,12,13

(z,y,t) —  Gay,yo(x,y,t) solution of &
UxV xRt — R

with Gy 40 (z,9,0) = d(x —x0,y —yo) V(x0,y0) €U XV

then for any functionf (x, y) with (z,y) € U x V

F(Cl?,y,t) — / / f(x()ayO)G:B(),yo (x7y7t)dy0dx0
uJv

is solution of £ with F'(z,y,t = 0) = f(x,y).
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Mathematical basis

Solution of the heat equation for Dirac initial condition

2 2
8T_D<8T &2T

ot Oz + 8y2) /

e Infinite medium

T:Co,yo (CU7 y) t) —

A Dt 4Dt

1 exp (—(33 —x0)” — (y — yo)Q)

L . .. OT
e semi-infinite mediumy > 0 : boundary condition - L= =

Txg,y0>0 (z,y,1) = T'zo,y0 (x,y,t)+ T'zo,y0 (x,—y,t)

2 2 2
exp (— (z—z0)” _ ¥ +y0> cosh (

4Dt 4Dt

<:>T£L‘0,y020 (x,y,t) 9 Dt
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Mathematical basis

Solution of the heat equation for any initial conditions f(z, y)

A convolution integral to compute

e infinite medium

//R2 1 Xp <—(:c —20)2 — (y — y0)2> R

AnDt ADt

e semi-infinite medium

(z—=x )2 y2—|—y2
eXp (_ 4D2 — “IDi COSh(gj%%e)
xo, Yo )dxod
/R/R+ on Dt f (=0, yo)dzodyo
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lonisation process

Single bunch heating

Figure 1: beam running into the collimator and centeregl a1 a

Hypothesis of work :
e Gaussian bunch
e Energy deposit uniform in thedirection

e Diffusion negligeable over the duration of a bunch= c/o

dE/dz X Np

2mChHo 0y

= ATion(xayat — 0) —
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lonisation process

Multiple bunch heating

e Diffusion of one bunch : calculation of the convolution integral (1D for the
semi-infinite medium irt” x 1D for the infinite medium inX)

AT " dE/dz X Ny, < 2 1 ) Fly. 1)
ion\T, Y, = exXp|\ —— —— | X Y,
QWCU\/(QDt +02) 2 2Dt + o3

— a)? 2a Dt + yo?
%y X (— (y = a) 5 > 1 4 erf Y%y
2(2Dt + 02) 20y\/Dt(2Dt +o2)

with f(y, t) =

—————— exp
2\/2Dt+a§

oy ( (y + a)? > 2aDt — yo?
ex

1+ erf

_|_

2\/2Dt + 02 2(2Dt + 02) 20y\/Dt(2Dt +02)

e Solution for a bunch train N bunches, bunch spaciag (t > (N — 1)d¢)

_ﬁ 1
2 2D(t—ndt)+o2

dE/dz x N, Nil e

27 C, N T AT A

= ATion(x,y,t) =

n=0
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lonisation process : multiple bunch heating
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Image current heating process

Single bunch heating

Hypothesis of work :
e Same ones than for ionisation

e non magnetic metal + flat spoiler surface

e frequency under 100THz and, >> 6 = \/ 2wz skin depth atv, = o, /c

poo

Zoc Q? F?(x,a,t=0)

2 2 2 52 2
2nCy w20z Amcogzoy

= ATy (x,y,t =0) =

9(y/d,t =0)

Xiantian E. Lin and David H. Whittumlmage current heating on metal surface due to charged bunéiesical

review Special Topics, Accelerators and beams,Vol 3, 101001(2000).
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Image current heating process, Single bunch heating

0 —+ o0
whereF(z,a,t =0) = / / Joc
— 0 — 0

which is approximated by a gaussian

2 2
22 /202 ,~(yo—a)? /202

dxodyo
yg + (zo — )2

— ‘
AiUerical calculus -

# % gaussian fit

A R

X,
X,

7
¥ Y
83 %,
47 ,
t,

s

-0.0001 0 0.0001 0.0002
X[m]

2

2 1
F?(z,a,t =0) = F2(0,a)e” * /2950 = 5,0 = /F2 x,a,t =0)dx
( ) ( ) gx \/%F2(O,CL) R ( )
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Image current heating process, Single bunch heating

+ o0

e_ze_2Z1/4y/5dz

whereg(y/5,t = 0) = /
0

Figure 2:u — g(u,t = 0) (u = y/96)
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Image current heating process

Multiple bunch heating

e diffusion of the x-dependant part = diffusion of a gaussian in an infinite medium

F?(0 2 1
= F?(z,a,t) = (0,0)0ga exp _Z >

e diffusion of y-dependant part = diffusion g{y /4, ¢ = 0) in a semi-infinite
medium
e finally for N bunches# > (N — 1)d+):
Zoc Q? F?(0,a)

o
2 2 22,2 9%
27 C, m4os 47 040,

ATip (x,y,t) =

N—1 exp _z2 L
- 2 2D(t—n5t)—|—03m

2.

n=0 \/2D(t—n5t)+0'§$

X g(y/d,t —ndy)
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Image current heating process, Multiple bunch heating

2 2
Yy ‘|'y0 Yoy
exp(— 157 )cosh(—QDt

g(y/d,t) = / g(yo/d)dyo

R+ m Dt

1 2 442 +oo 5. 1/4
g(y/é, t) = exp _u cosh (M) / e %e 2.1/ yo/édz
vVrmDt JRT 4Dt 2Dt 0

2
e~ Y /4Dt

9(y/0:t) = ———— X

+oo_ Y 221/4/Dt 2 221/4/Dt Y
/ e exp 2 — erfc 5 — dz
0

v Dt ) 2v Dt

n 2z1/4\/Dt 2 ‘ 221/4\/Dt n Y d
eric
5 2vDt )
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Application to CLIC

Data : fatigue limits

TE :
Tyim, = —2elt —THK - (C. Hauviller)

Table 1: limit temperature variation above room temperature for fatigue

Be C Al Ti Cu W
limit temperature variatio!\7; [K] 482 1618 173 673 385 1548

Specific heat

T 04/T  gte”
C, = 9R (-) / _ " ° iz (Debye)
04 0 (e —1)2

we chose’, = Cv(room)+20v(fatlgue)

for beryllium : C,, (room) = 1.94 JcnT 3K~ andC, (fatigue)= 4.12 JenT 3K —1
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Application to CLIC, Data

Thermal conductivity K and electrical onec

e We foundo (7T) in tables (J. Pett) and we chose :

o(room) + o (fatigue)
2

for copper :o(room)= 60 10° Q~'m~—! ando(fatigue)= 23.410° Q—Im—1

g —

e Wiedemann-Frankaw :

K 2
o

s
3

e we chose

rooms-fatigue
wF ( )

Kwr (room)

K = K (table,room x

for copper :K = 3.4510%2 Jm 1K~ 1s~!
instead of = 3.93102 Jm 1K—1s1
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Application to CLIC

' T<T(fatigue)

parameter o
file /
T
material / \
y

data

e Two codes in C (fast thanks téauss-Legendrmtegration)

e material data dE/dz, p, K,Cy, 0, Tiim
e parameter file :

sig_z 30e-6 sig_x 10e-6
n_part 4e9 sig_y 50e-6
n_bunch 154 a -25e-6
t_inter_bunch 666e-12 C

J.Pancin
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Application to CLIC

Example : Output for carbon spoiler

0.01 ‘ — 2000
C(ion.) ——

C(ion.+im.)

0.001 P : 1500

0.0001 ¢ 1000 |

Delta T

16-05 | - 500 |

le-06  1e-05 0.0001 0.001 . 2e-06  4e-05  6e-05  8e-05
Sig_X y[m]

opr = 125 pm, oy = 23 um
anda = —21 um
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Application to CLIC

Limit for several materials

0.01

0.001 +*

H

U vertical
oy ehorizontal

00001 | 2 ispersion

X |

1e-05

1le-0f b b LA
le-06  1e-05 0.0001 0.001 0.01
Sig_X [m]
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Conclusion

e 2D time dependant heat equation solved for ionisation and image current

e A code exists to specify the minimum beam sizes for any bunch train structure

e For CLIC : Spoilers in Be or G (0,04) ~ (100um)?

J.Pancin page 20



