LBID-582

<.\

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA "ESEIvED

Accelerator & Fusion rT 1 1980
Research Division LIBRARY AND

DOCUMENTS SECTION

TEMPERATURE RISE PRODUCED BY SYNCHROTRON RADIATION

Edward P. Lee

August 1981 - —
8 * - ™

p
For Reference

Not to be taken from this room

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBID-582
BETA-24

- Lawrence Berkeley Laboratory

Technical Report of the Betatron Design Study
EP

ot

- TEMPERATURE RISE PRODUCED BY SYNCHROTRON RADIATION*

Edward P. Lee

August 1981

Lawrence Livermore National Laboratory
Livermore, California 94550

*Sponsored by Defense Advance Research Projects Agency (DoD)
ARPA Order No. 3718, Amend. 37
Monitored by NSWC under Contract No. N60921-81-LT-W0031



WJ

s

iii

:!CU“ITV CLASSIFICATION OF THIS PAGE (When Data Entered)

Sratt———
1. REPORT NUMBER

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

2. GOVT ACCESSION NO.

BETA-24, LBID-582

3. RECIPIENT'S CATALOG NUMBER

4. TITLE (end Cubtitle)

TEMPERATURE RISE PRODUCED BY SYNCHROTRON
RADIATION

3. TYPE OF REPORT & PERIQD COVIRED

6. PERFORMING ORG. REPORT NUMSER

7. AUTHOR(s)

Edward P. Lee

8. CONTRACT OR GRANT NUMBER(S)

N60921-81-LT-W0031

9. PERAFORMING ORGANIZATION NAME AND ADORESS

Lawrence Livermore National Laboratory
Livermore, California 94550

61101E; O; 0:; OR40AA

{ Attn:

11. CONTROLLING OFFICE NAME AND ADDRESS

Defense Advanced Research Projects Agency

1400 Wilson Boulevard, Arlington, Virginia 22209
Attn: ‘

12. REPORT DATE

August 1981

13. NUMBER OF PAGES

, Program Management/MIS 5
14, MONITORING AGENCY NAME & ADDRESS(IL different from Controlling Oflice) | 15. SECURITY CLASS. (of this raport)
Naval Surface Weapons Center
White Oak, Silver Spring, Maryland 20910 UNCLASSIFIED
Code R401 18a. ggf’e‘ﬁf{'cfﬁonl DOWNGRADING

et s -
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbetrect sntered In Block 20, il differant fram Report)

18. SUPPLEMENTARY NOTES

synchrotron radiation
betatron
heat diffusion

19. KEY WOROS (Continue on reveree side !f neceseary and identify by block number)

acceleration cycle.

20. ABSTRACT (Continue on reveree side If necessery and Identity by bdlock mnbol)‘

The temperature rise produced by synchrotron radiation incident on
the vacuum chamber wall of a betatron is evaluated for a general

DD S5 1473

ZOITION OF | NOV 63 1S OBSOLETE
eMAN NINY.t E N4 £4nt




BETA-24
August 1981

Temperature Rise Produced by Synchfotron Radiation*

by .
Edward P. Lee

Synchrotron radiation heats a narrow band of the vacuum chamber wall in
the orbital plane. The associated temperature rise of the surface, which
depends sensitive]y on the system parameters and operating mode, has been
estimated1 for a high-enerqgy betatron under study to be only on the order of
60°C [for a single pulse, and somewhat higher for a series]. Therefore no
particular allowance in desiqn.need be made unless long periods of coasting
(say 10 msec) at high energy are contemplated. The general formulations of
this analysis are given here primarily to aid in any réeva1uation of the

2 petails of

heating and to correct some errors made in a previous report.
specific examples are given in reference (1).

The net power radiated by the beam is3

e 4o
P = (8.85 x 107 watts) 2o KA .

where E is particle energy, I is beam current, and R is the radius of
curvature in meters. This power falls in a band of width A on the wall at

radius Rw > R, with flux

4
£ 1
P 5 2, ~GeV “kA
W= 5= = (1.41 x 10 watt/cm") ——m—r—or
2anA R Rw Acm

*Sponsored by Defence Advanced Reseérch Projects Agency, ARPA Order No. 3718,
Amend, 37, Contract Number N60921-81-LT-W0O031.



The temperature rise (aT) in the wall can be determined for any
specified flux W(t) by solving the heat diffusion equation. In the.fo]1owing
we assume the radiation is normally incident and totally absorbed. The
material is aluminum, which has properties

2.52 w/°C~cm,
.95 J/°C-gm,
2.7 gm/cm3.

thermal conductivity

specific heat

density

°©
]

Any change in these assumptions can be incorporated into the derived results
with a single multiplicative factor.

The heat diffusion equation

Co 2T _ 24T
K 3t — .2

is to be solved subject to initial condition aT(t=0) = 0 and the boundary

condition on incident flux

aT
W(t) = K 3;-(X=0)

Solution by the Laplace transform method yields

s |
st L fas frsiestaf

where a2 Z Cp/K and

- -st
f(s) = ./Zt e EL%)

o

We are interested only in AT evaluated at x = 0, where it is highest.



Two simple cases of W(t) which are useful for quick estimates can be worked

out using the formal solution:

Case 1: {WO; 0<t<to,

o, t >to.

L | fo o t<to
) — {(\/t.'-/t-to),tmo}

Case 2: W= W t n
- To\to *

m 21(n+3/2)

For the particular case n= 9/2, corresponding to a linear energy ramp Ext and

A<!t"1/2; we have for the numerical factor

I‘(H/Z) \/:r- _ 63 _ 3866
2r(12/2)y |° %12 © °

The more complicated situations involving periods of coasting and
acceleration are not conveniently treated by the transform method. However, a
simple Green's function exists which makes this problem numerically

tractable. We note that for an impulsive flux sW = Us (t-t'), that .

_st
fls) - L £

A

)



the inverse transformation is readily evaluated to be

\/-s_ Ka
-1/2
U- N (t‘tl)
= gz Ht-t') T(172) i

where H is the unit step. To get the general response we let U > W(t') dt' to

obtain
® -1/2
_ ' ' H (t-t') (t=t')
AT(x=0) = o'/;t Wit') G T (1/2) .
t
. 3
- /dt' W (t')
‘/nCKp 0 t-t°!
A very useful form for numerical evaluation is
AT(X=O) =M F .

’ﬂCKp

where Wo = W (to) and F is the numerical factor (of order unity)

to

F=l dt W(t)/Wo .
2 [ to ‘/1 - t/to
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