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Motivation

At the end of Run-1 in April 2011, a pressure transient was
noted in S37 during a high-current study. Subsequent
investigation found that high-temperatures were occurring in

this region and the S37 scraper had sustained damage on its
beam facing surface.

beam-facing
edge U@ scraper

SR vacuum chamber deposited surface layer on Cu
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Motivation, con’t

" Refurbished scraper was installed in January 2012
" Beam dump testing was done at the end of that run on April 25

" several beam stores with 24-bunch and hybrid fill patterns were
purposely dumped on the scraper

" The refurbished scraper was removed during April-May 2012
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Address damage and determine the role of the
scraper

" Model device with MARS, beam distribution from elegant
" Scraper, collimator, beam dump? Answer: yes
" new design?

" material evaluation—test and measurement with refurbished
scraper
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Radiative energy transfer is nonlocal

Initial exchange of energy
between electrons and
matter is via bremsstrahlung
and pair production

At 7 GeV in Cu, collisional,
radiative, and total stopping bremsstrahiung
power:

Spc=1.97 MeVcm?2/g

Spr=542.0 MeVcm?2/g
Spt=543.9 MeVcm?2/g

v (virtual)

only 0.36% of the energy is
locally deposited

at Ecr_

nucleus

t collisional and

radiative stopping powers
are equal
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Energy Deposition

" |nstantaneous energy rise due
to dose (energy per unit
mass)--simplest approximation

" Assume a thin target

" Kinetic energy W, density p,
radiation length X

" Fine structure constant q,
classical electron radius r,
atomic no. Z, atomic mass A,
Avagadro’s no. N,

= Total charge NQ (=368 nC at
100 mA)
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Energy loss per unit length

dW P
W=
dz X,

Radiation length given by Tsai:

1 Na
YO = 40&7’27{22[111«&(1 — f(Z)] + ZL;"ad}

Radiation length given by Nelson (used here):

N 183 1
X' 4ar?27(z+1) 1 —

Wy (2) = W, (1 —exp (—Xiz))

Wi (2) =~ NQWOXioz

1
3



Simple Analysis—beam entry

" g, ratio of thermal stress to
yield stress, c

" Using electron stopping
powers, SIOC and Spr

= Young’s modulus E.,

thermal coefficient of

expansion a, and molar

heatcapacity,CmoI=CV

where according to Dulong
and Petite:

Co = % (BKT'N4) = 3kNy

this value is 24.94 J/K/mole
for most metals. In the present
situation, not easily defined.
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As the shower builds, this simple analysis is
no longer valid




Material properties

Table 1: Materal properties and thermal to yield stress ratio.

Mat. A, Spe Ey ax10% C,u oy g
e-Cm2 _
() (M=) (GPa) (K7 (shw) (P

Be 9.01 2.025 248 124 1644 345 i
Pyr. Gr. (C) | 12.0 2.264 207 05 328 827 (0.48
PB1300 (C) | 12.0 2.264 6.9 A 10.08  37.9 230
Al 2698  2.165 69 25 2420 310 R
Ti A7.87  2.031 116 8.5 25.06 951 @
Cu 6355  1.970 110 165 2444 220 I9%
W 183.84  1.698 345 144 2427 1510 49.6

Might also add magnesium (Mg) to this list.
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Material properties

Table 2: Radiation Length.

Mat. X, p  l=X,/p
(aw) () (cm)
Be 650.2  1.85 30.2
Pyr. Gr. (C) | 42.7 2.2 19.4
PB1300 (C) | 427 22 194
Al 24.0 2.7 8.89
T1 16.2  4.54 3.07
Cu 12.9  8.96 1.44
W 6.76  19.3 0.35

Want the spreader to be ™~ 2t to intercept most of the charge
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MARS models 52 = 0.357 om

1 2 3 4 5 6 7 8 9 10 11 12

" baseline
" modified designs

cm cm
12 12
G 6
——
[ B e bl 0 EEEEETPEFEPEPEPEPE EEEPEPERES  EEEEETEN 0--
——
-6 6
-12
cm -12
8 0 8 cm
8 0 8
YL
z
t,2
Aspect Ratio: ¥:Z = 1:1.0 y—o
Aspect Ratio: X:Z = 1:1.0
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elegant provides input beam distribution for MARS

hybrid=100kP-DumpBoth-SC37-11mm.los

e L -
" beam spirals in after rf is muted o
- oL
can model one or both rf systems N &
muted -
" includes guantum fluctuations ’
" hybrid beam '
-0.0125 -0.0120 -0.01153 -0.0110
" can |nC|Ude the effeCt Of k|Cker flrlngS frequency as a Xfugwnggion of x and xp
hybrid-100kP-DumpBoth-SC37-11mm.los hybrid=100kP-DumpBoth-SC37-11mm.los
E G010+ o . |
T =
-0.0125 -0.0120 -0.0115 -0.0110 : 72,wa 0% 4.0<0™ §.0x0% BOx0*  1.0x03 i
x (m) (m)
frequency as < function of x and vy frequency as a yfumct'\on of vy and ywp
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MARS electron positron fluence, baseline design
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MARS modeling

cm
15

7.500

-7.500

-15

modified designs—extended geometry, different materials

better impedance matching
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MARS modeling

" further extending the

scraper length

" using Al to initially spread

the beam

" actually build as one unit
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MARS electron positron fluence, extended design
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no ping

Energy Deposition in the S37 Scraper

Comparing baseline and new design
hybrid fill, dumping both rf systems

baseline

- .

InewDesign

- . -

April 1, 2013

dT

Peak dose and temperature

Maximum

Temperature 100 mA 368 nC Beam Dump

2.0%1 0%

1.5x10%L

1.091 0%

5.0 031




Simulation results

Br=2.2

(DijAV;p;)

Table 3: Peak dose and total deposited energy for baseline and new design geometries.

baseline
upstream downstream
(spreader) (beam stop)

new design
upstream  downstream
(spreader) (beam stop)

Dyar (MGy)  1.046 2.634
Er (J) 16.34 709.0

0.691 1.065
182.3 730.6

E =N W, =258kJ (100m4,7GeV)

= Even with a substantially longer scraper/beam dump, less than half

the total energy is absorbed

" However, all of the dumped beam has interacted and is spreading out
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Beam dump sequence

" when beam conditions dictate (e.g. BPLD limit) or an operator request
occurs, the Machine Protection System (MPS) generates a trigger pulse

" the storage ring rf is muted

" beam spirals in to smaller radii as energy is lost

" beam facing scraper edge at x=-1.1 cmis first to receive the lost store
" depending on charge, beam strikes scraper after 10-20 turns

" when S37 scraper is absent, large fraction of beam is lost in ID4
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Fast beam dump detection

Cerenkov radiation

fused-silica radiators

— minimum aspect cylinder
— fiber optic bundles (FO)

photomultiplier tubes (PMTs)

standard Cerenkov Detector
(CD) loss monitor electronics
do not see beam dumps

BLPM (FO)

b G S 1 .‘-w-\
SEY

radiator
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Beam dump temporal profiles April 25, 2012
. top29%
Y 4 =
" Beam dumps come in all shapes and sizes SR |
and can be destructive 1|7 5a-bunch
" Worst dumps tend to deposit beam 1
energy most rapidly; 2600 J of stored el
energy at 100 mA and 7 GeV. Turn
" Scripts are now in place to dump the I e A
beam slowly when called for (e.g.,
changing fill patterns during studies and Sl |
commencement of studies) | 24-bunch
" passive vs. active—ours was passive, but
script provides more active control S TR T S R R
" could also consider kicker abort into a t:g;
dump; we have not gone this route of ol Of mms “! ‘ ,H e
11 y
i hybrid
317 373
|l il

2224 26 28 30 32 34 36 38
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J. C. Dooling

Only one dump at B (3 mm)
3atC(4 mm)

Energy Deposition in the S37 Scraper

April 25, beam dump study

April 1, 2013

Apr. 25,2012, beam dump study
location coupling fill pattern
D1-3 4 mm 6.6% 24
D4 Omm 6.6% 24
D5 3/1.5mm 16.2% 24
D6 O mm 17% hybrid (5 mA + 8x7)
D7-8 0 mm 5.7,5.8% hybrid (5 mA + 8x7)




Summed Q-loss from April 25, 2012 study

" LargESt dump |n ID4 Integrated Charge frem Scraper| Beam Dump Study 2012/04/25
in terms of integrated 5 UE | | | ™ 1D4CD
signal comes from the 3
. . & 50| | ID4FO
fifth and final 24- : B
bunch. : . ID33TO
" elegant simulations : I |ID33TC
show significant loss E 50| 103371
in 1D4 with beam g S —
dumps in S37 g -200| |
; ID33BC
5 22 1103381
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Heat Diffusion

24-bunch hybrid
Q/Qtut ) Q/tht Y
o~ "'.\ (@) 0.14 . (b)
0.025 .
o . 0.12 N .

0.020 -
Fast beam “os ~ " .

0.015 °, % 0.08
dump data e 8 “\ 006 .

d 0.04 .
0.003 / \ 0.02 . « ° . *
0.000 0 2 4 6 8 10 12 000g-e—2 10 15 20 25 * ET & ¢

t(s) t(us)

Employing Green’s fn. to calc. T evolution with diffusion

N-1 " —p? /202 2 2
pe=P/ re+p rp
rad(r, t) = > O [d - :
e d(f N) eN + 1 C] ff P 4?1'(J£(tN — tn) exp[ 4(1(tN _ tn}jl 0 [2(1(tN - tﬂ,)}
n= 0

comparison of

temperature ratio oo TTdum
for differing beam .
sizes and fill .
patterns . )
5 10 15 t (,,52)0 25 30 35
R. Lindberg, J. Dooling, AOP TN-2012-030 appears that the 24-bunch

case produces the highest T
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elegant distributions

hybrid=100kP-DumpBoth-Ping125-SC37-11mm .lcs

y (m)

frequency as a function of x and vy
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Xp

yP

Including injection kicker ping

hybrid=1 00kP-DumpBoth-Ping125-SC37-11mm.los

5.0¢10°%

-S.04 05

1.0 04

2074

1104

-1 0L

frequency as a function of x and xp

hybrid=100kP-DumpBoth-Ping125-SC37-11mm.los

1 1 1 1
5.00% 1.0¢10° 1.5<10% 2.0:0®

frequency as a function of y and wp



Comparing peak dose and temperature

" pingin baseline model
" hybrid fill, dumping both rf systems

Maximum dose peak temperature

basel ine 2 0n] 04| ' ‘ ' ‘ |baseline
2.5 08 J ) )
bl Ping bL Ping
2008 i 1.5 04 i
~ L
E_D/ 15408 i \K/
1.0 04 |
- —
Q. ©
o 1,008 |
5.0x1 03 B
5.0x10% |
oL | | | | | | I [ o | | | | | | | | L
-1.0 -0.5 0.0 05 1.0 1.5 2.0 25 3.0 1.0 -05 0C 05 1.0 1.5 2.0 25 30
7 (CW) = (Cm)
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Pinged beam dump does not show a broader
temporal profile

DBonly
104 {0B+Ping
measured loss W
- 4
distribution does e e
not show a significant < 210+ f 100 mA
08
change o |
transverse dist. 1 pass = 3.68 Us
oL i
matters 46 48 50 52 54 56 58
Pass
PV=0.0 kV 4.0 kV

OO | | BD249:Ch4jsdd5 OO | ED257:Ch4jsdds
0.0l 0.0

-0.5L -0.5L

2*04572 -1.of ] 5 mA 2'0‘5*2’\ 1.0l
'(/%D 371.5, g g*ﬁfi,

1.0 -1.0

-2.0L B -2.0L
-1.50 -2.5L 1 | | | -1.5¢0 -2.5L | | L4

1.5x 0% 20104 2 5104 3.0x10% 1.5x10°% 2.0x1 0% 2 5x] 04 3.0 0%

t (s) £ (s)
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Simulation considerations

1.0x10-*

8.0x1 0~*

6.0x107*

4.0x107*

2.0x107

1
-0.0725

Pixel size—want the pixel size to
be smaller than the smallest
“real” feature in the beam

On the other hand, want the
number of trajectories per pixel
high; otherwise, peak
temperature is overestimated

Using 50 um x 50 um in MARS

hybrid-100kP-DumpBoth-SC37-11mm.los

600]
400}

4

1 1 1
-0.0120 ~0.0115 ~0.0110
x {m)

frequency as a function of x and vy
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y m)

y (m)

1.0%1 03

.05 0+
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4.0 07+

2010+

hybrid=100kP-DumpBoth-SC37-11mm.los

-0.01258 -0.0120 -0.0115 -0.0110

1.2x107

1.0%1 072

8.0x1 0

6.0%107*

4.0%1 07*
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x (m)
frequency as a function of x and v

hybrid-TMP-DumpBoth-SC37-11mm.los

300

200

100

-0.0124 00122 00120 00118 -0.0116 -0.0114 00112 00110
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frequency as a function of x and vy



Voxel size affects temperature calculations
—script deposit1 for instantaneous temperature rise using sddshist2d

For 1E5—

depositl -input hybrid-100kP-DumpBoth-SC37-11mm.los -nx 156 -ny 98 -material Al
Printout for SDDS file stdin

xInterval  yInterval frequencyMax frequencySum Ed dT
m m J/g K

9.958890e-06 9.951995e-06 5.800000e+01 1.000000e+05 4.242491e+02 (4.589511e+02

depositl -input hybrid-100kP-DumpBoth-SC37-11mm.los -nx 31 -ny 20 -material Al
Printout for SDDS file stdin

xInterval  yInterval frequencyMax frequencySum Ed dT
m m J/g K

5.145427e-05 5.080755e-05 1.053000e+03 1.000000e+05 2.920067e+02 (3.158917e+02
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Voxel size affects temperature calculations
—script deposit1 for instantaneous temperature rise using sddshist2d

For 1E6—

depositl -input hybrid-1MP-DumpBoth-SC37-11mm.los -nx 150 -ny 114 -material Al
Printout for SDDS file stdin

xInterval  yInterval frequencyMax frequencySum Ed dT
m m J/g K

9.999597e-06 1.001684e-05 4.540000e+02 1.000000e+06 3.285919e+02 (3.554695¢+02

depositl -input hybrid-1MP-DumpBoth-SC37-11mm.los -nx 31 -ny 24 -material Al
Printout for SDDS file stdin

xInterval  yInterval frequencyMax frequencySum Ed dT
m m J/g K

4.966467e-05 4.921315e-05 9.891000e+03 1.000000e+06 2.933766e+02 (3.173738e+02
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Voxel size affects temperature calculations
—script deposit1 for instantaneous temperature rise using sddshist2d

Comparison of the maximum instantaneous temperature rise in aluminum assuming a beam dump
of 100 mA (368 nC).

®  Comparing loss distributions:

—  hybrid-100kP-DumpBoth-SC37-11mm.los (1E5 particles) and
— hybrid-1MP-DumpBoth-SC37-11mm.los (1E6 particles)

Dist. size\Voxel 10 um x 10 um 50 um x 50 pm
size :
B B
T
r =i+

VN

Central limit theory,
in the region of the

A 50 um x 50 um voxel size may be okay.

Note: melting temperature of pure aluminum is 933.47 K
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Discussion

" Specific heat is not easily defined; however, room temperature value gives a
starting point

" Power density in beam very important; simulations with 24-bunch still to do.
" Material testing to start next run
" Viewport to see beam strike region

Down- Up-

stream \ _stream Upstream viewport
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