Status of Abort System

M. Kikuchi, KEKB Review, 24Feb2015
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Abort system, Kickers T. Mimashi
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Abort system: Waveform of the output current

T. Mimashi
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Current waveform of the vertical kicker
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Abort system: installation

T. Mimashi

Layout of abort kicker magnets & pulse compression circuit at HER
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Radiation shield: 7mm Pb + 200mm polyethylene + Imm Pb

Compression
circuit


http://ejje.weblio.jp/content/polyethylene
http://ejje.weblio.jp/content/polyethylene

T. Mimashi

eRadiation shield 1s necessary to protect sensitive semiconductors in the pulse
compression circuit which is placed just below the beam line.

* In KEKB operation

— Diodes for shaping the current waveform has survived,
which have been placed just below the beam line.

* The radiation shield 1s designed to reduce the radiation to 1/10
at the surface of diodes (for both of vy and neutrons).



Abort system: Water-cooled ceramic chamber

T. Mimashi

HER abort kicker ceramic chamber
100pm Cu-coating applied
inside the Kovar sleeve

Cu sleeve 1s directly connected to
the ceramic

LLER abort kicker ceramic chamber
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Abort system: Fabrication status and plan

Fabrication status and plan
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Abort system: Summary

B Summary of the construction status of abort system
e New power supplies for kickers were successfully
developed.
- Pulse compression using the magnetic switch
- Satisfies the rise time of 200 ns.
- Radiation shield was developed to protect the diodes in
the pulse compressor.
e New water-cooled ceramic chambers have been
developed.
- HER: cooling channels in the ceramic, Cu-coated Kovar
sleeve.
- LER: double concentric ceramic pipes connected both
ends, Cu sleeve.
® Fabrication is steadily going on, coping with tight
schedule.




Dynamic Stress in the Extraction Window
of SuperKEKB

M. Kikuchi, KEKB Review, 24Feb2015



Introduction

Temperature rise

aro L (LE) N
C \pdx ) 2mo,0,

— ionization loss for Ti
1dE

= 1.98 MeV/(g/cmz) C=0.54J/K/g
o dx

o, ~ 0.3 mm o, ~ 18 pm eN = 36 uC (LER)

then AT =4 x 1°K !

*VVe must reduce the power density
* vertical beam-scan: I5 mm /I0us
* enlarge Ox by a pulsed-quad(LER),
or sext w/offset(HER): 0, — 1.23 mm

1 (1dE N
AT == [ = ~
c (p dw) Jroh AT ~ 300 K



Dynamic Stress in the Extraction Window

[ | Related parameters

* Beam parameters
0y = 1.23mm, oy, =18 um
eBunch space: At =4ns

*Scan speed :

Ay/At = 15mm/(2500At) = 6 um/4 ns

v X

* Window material : Ti

E=106GPa, v =034, p=45g/cm® a=84x10"°

e Speed of sound ¢ =+/E/p/(1 —v2)=5160m/s

ePropagation length / bunch:  cAt = 21 um




Dynamic Stress in the Extraction Window

*Maximum temperature rise for a single bunch

To = 1 (%if) ol To = 39 K/bunch eN = 14.8 nC/bunch

C 2mo 40y,

eThermal Stress

oo = 0B _ ro 6 Mpa

T 1—v

* Temperature due to multi-bunch

(y) _1e (y—nAy)2 27raye (/o)
T'(y) =1y nE_O P 205 ~ Ty Ay Y/ Oy

e Temperature saturates at 293 K in several bunches

V2o,
Ay

Trazr = To = 7.1y =293 K



Dynamic Stress in the Extraction Window

e Maximum thermal stress due to multi-bunch

Tmaa:
Omar = oo = 7.509 = 395 MPa ?
1o

% Obviously this is incorrect because,

e Stress wave moves much faster than the scanned beam

Basic question:
* What is the dynamic stress for a Gaussian beam?

e How does it behave in the flat Gaussian beam?



eSummary of related parameters

SLER LER
Beam current I 3.6 |.64 A
Number of bunches Nb 2500 | 584
Charge per bunch eN 14.8 10.4 nC/bunch
Hor. emittance Ex 3.2 18 nm
Ver. emittance &y 8.6 150 pm
Hor. beam-size at window Oy 1.23 0.70 mm
Ver. beam-size at window Oy |18 73 Hm
Bunch spacing At 4 6 ns
propagation/bunch cAt 21 31.5 Mm
Scan height h |5 |5 mm
scan height / bunch Ay 6 9 Mm
Temp. rise per bunch To 39 12 deg
Maximum temp. rise T max 293 230 deg




Model |.

Model |I.

*Thin disk
*Cylindrical symmetry 2%
*Single Gaussian beam

- Instantaneous stress induced by abrupt change
of temperature is propagated as a ‘stress-wave’
with a speed of sound

Position deviation U and stresses 0,, 09 must satisfy the Eq. of motion

d?U do, . —
'OF — (‘;“ + ° - 0 (1) U(rt) : (radial) position deviation
From Hooke’s law
1
e, —al = = (0, — vog) (2) T(r) : temperature
1
eg — ol = — (0g —vo,) (3 Ref.
E P. Sievers, Elastic stress waves in matter due
and definitions of strains to rapid heating by an intense high-energy
97 [7 particle beam, LAB. [I/BT/74-2, 26 June
£. = —, €9 = — (4) 1974

or’ r



Model I. Eg. of Motion

The Eq. of motion is rewritten as

82_U_|_18U U (1+V)ad_T_i62_U 5
or?2  r Or  r? dr 2 Ot2 ()

Put U = u + © with a static solution u of

AL L A ©
dr?  rdr r? B

u (time-dependent part of U) satisfies the wave-eq.:

az T rar 2 2o 7
Solve (7) with initial conditions,
0
U(r,0) =0, id.e., u(r,0)=—u(r) s =0
ot |,

and boundary conditions,

u(b,t) = (b, t) = 0. 9)

=2

(8)

: Speed of sound



Model I. Solution

Solution:

u(r,t) = (1 +v)aly Z CnJ1(Bnr/b) cos(Brct/b) (10) B, : n-th zero of Ji(x)
n=0

Coefficient ¢, is given by

2 1
(14 v)aThe, =~ 2y /O (bt (But)dt (1)

Corresponding stresses are

ToE <=~ , | J
o= BN G e - 0= 2B aam
0 | z2=0Pn1/b
ToE I J
, = O Zc () + (- f’)L:Mb cos(Bact/D) (13
¢ = cnfBn/b

* We denote ‘total’ stressesas: p,=0,+0,, Dy = 0g+ 09

eAt t =0, ¢, =¢€9 =0,
aET(r)

1l —v

Initial stress = thermal stress

then from (2)(3), p,-(r,0) = py(r,0) = —



Model I. Solution / Gaussian

For a Gaussian beam

2
— - b/a =10
T(T)—T0€Xp< 2a2> (b/ )
Static solution:
i = (1+v)aTor(f(r/a) — f (b/a) (14
flz)=(1—e"/?)/a2?
then 1
;o 2 __=A%)2 _ / —\%t? /2 ]
Cp = Jg(ﬁn))\z [1 € JO(ﬁn) ﬁn . € Jl (5n)dt (IS)
For A>1 A=b/a
r_ 2 —B2/2/X% _ _—)\?/2
g )] 0ey

e (16) is accurate in order of 0(6_>\2/2) :
* Maximum number of terms N in (12)(13)
must be such that Gy > A
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Model I. Solution / Gaussian / Examples
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* Multiple echoes.

* ‘Wave packet’ with a width of
beam-size.

o

This is a remarkable feature of the
Gaussian beam. Rectangular (step
function) beam, for example, shows

catastrophe (infinite stress) at the
origin (P.Sievers, 1974).




Example: Step-function case

Example : Step function

T(r)=Ty, (0<7r<a)

=0 (a<r<b)
r=_0 A=bla=05
SO 200 I N EN BANMRAS BRSNS EARM SRS BASNME
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i el 3
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* Multiple echoes :

* Inward wave generated at r=a
concentrates at the origin.
Catastrophe (infinite stress) at the
origin (P.Sievers, 1974).

* The first inward-wave is
independent on the boundary
conditions.

* Step-wise distribution is
dangerous: collimation should be
avoided



Model Il

ooooo
°® .
. LI

Model Il

*Thin disk : .
*2-D Gaussian beam with an aspect ratio m § — 2a

*Wider Gaussian is represented as a superposition .
of narrower Gaussians e

_ 22 o0 w—¢)2 :
H = [ g e (0= v ()

*A 2-D Gaussian is a superposition of round |-D
Gaussians, for which we know the response.

_ a2y o0 . 2 2
e 201 2a2 :/ g(f)exp (_(37 S) + Y >d§

2a2

o

> /




Model |l.

Stresses in Cartesian coordinates

>° d
e /oo ( ;9(5))2 i y? (@ =&)pr +y7po]. (Pr, Po)
00 : Stresses in |-D
Dy = /_ (2 f(é)zdi 2 [yzpr + (x — f)zpe} : Gaussian beam
>C d
Txy /_ (CU _g(g))g ﬁ_yg [(QE o f)y(pr — p@)]

* From symmetry 7, = 0
* In calculation we used a finite summation with A¢ = a, for m > 1

* This model is correct until the waves
reach the boundary, because the
geometry of the boundary for each ‘micro-
bunch’ is different each other.



Example I: m =5,

T=ct/a
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py/UO

px/UO

Model |l.

Example |

Py on y-axis = (0,5, 10, 15, 20, 25)

-0.2|—
0.4
-0.6/—

0.8

0.2l
0.4
060

0.8

on y-axis 1 = (0,5, 10,15, 20, 25)

10

y/a

20
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Py on x-axis
o
-0.2:—

-0.4

py/UO

-0.6—
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-1

r = (0,5, 10, 15, 20, 25)

IIIIIII III I

Px on x-axis

15 20 25 30

x/a

r = (0,5, 10, 15, 20, 25)

(0] o
-0.2—

-0.4

px/UO

-0.6—

-0.8+—

-1

* Py propagates in almost one-dimensional manner
* Px stays longer time around the origin
* Waves along x-axis is very small

15 20 25 30



Model ll. SLER single bunch

Example 2: m = /2 x 68.3 (Actual beams of SuperKEKB LER, w/ tilted window)

py/UO

pm/UO

-0.2

-0.4

-0.6

-0.8

=H!

0

Py on y-axis 7 = (0 ~ 40)
L R R
L1 L L. L L,
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* Py propagates in almost one-dimensional manner
* Px stays longer time around the origin
* Waves along x-axis is very small
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py/UO

Model Ill. SLER multi-bunch

Model lll.

¢ Thin disk
e 2-D Gaussian beam

12a
* Multi-bunch, scanned vertically 2am
- Results of Model |l are overlaid with shifted ) .
vertical positions and shifted time. T
Py on y-axis | ~ 20 bunches Px on y-axis | ~ 20 bunches
0’_'|'"'I""I""I""I""I'_' 0-_'[""I""I""I""I"
z
0.5 — E
I o -2
[ S [
s ~ [
- — 8 -3
[ Il
[ -4~
-1.5—-Mi ] :
l £
P SRR IR SR B .t .. reee e e e
20 30 40 50 0 10 20 30 40
y/a y/a
e Maximum stress is 5.2 oo = 274 MPa
o
V2o V2
Y0500 = 1.50 Pemas ~ ~—2Y.0.65 09 = 4.9 0,

Py,maz = (cAt — Ay) Ay



Model lll. Multi-bunch, von Meses stress

* The “von Mises stress” is responsible to yield of materials

P = [(po —py)* + (py — p2)° + (- — p2)* +6(72, + 7. +72.)] /2

Von Mises stress on y-axis | ~ 20 bunches
R

pM/Uo

e Maximum Von Mises stress is 3.20, = 168 MPa
e Taking into account possible overlap with reflected
waves, maximum Von Mises stress is expected to

b (pemasl + [Pymacl)?/2 = 490 = 258 MPa
* This is larger than the yield strength of pure Ti.




Model lll. Multi-bunch, von Meses stress

e Ti alloy (Ti-6Al-4V) may be a candidate.

—h

— Ti-15V-3Cr-38n-3A1 (STA)

—
_Ti-6AI-4V (Ann)

S—

— —~SUS304
KS70
KS50 Ti-1.5Al

100 200 300 400 500 600
BE(C)

-t -,

-8888888

o

B —

Bliki&x (MPa)

—h

- 88888 8

.

0.2%M7 (MPa)

5



KEKB, LER single bunch

Example 3: m = v/2 x 9.6 (Actual beams of KEKB, w/ tilted window)

Py on y-axis 7= (0 ~ 40) Py on x-axis 7= (0 ~ 50)
S L B I L B L B B AN IAULEE I IR UL UL LA RS REAS
o I _ 0._—“"'"_——-——_ ]
: : _0.2-_ _-
o 0 ] o [ ]
Q) I ] o - ]
~~ -0.4 - ~ 04 ~
= i ] D N i
&-0.6—— ] = -0.6:— _
-0.85— _ -0.8:— —
1_1||1||_ 1_||||||||_
0 10 20 30 40 50 0 10 20 30 40 50 60 70 80

y/a r/a
Px on y-axis T = (0 ~ 40) Px on x-axis 7= (0 ~ 50)
L A N B BN A AR RARAR AR AR A RN AR RS
o] - > ~ SN ] | i
_0.21_ \/\/\/\/ _ _0‘2:_ _
bo-e.4:— _ bo -0-4:— —
g-o.s:— _ £ -0.61— .
-0.8-— _: -0.8:— —]
1_ I B B B R 1_ B A D DU DU DN DU DU D DT
0 10 20 30 40 50 0 10 20 30 40 50 60 70 80

y/a r/a

* Py propagates in almost one-dimensional manner  p, ~ 0.45 oy
e Px stays for longer time around the origin pz ~ 0.6 o9
* Waves along x-axis is very small



py/UO

pM/Uo

KEKB, LER multi-bunch

oy =73 pm, cAt=31.5 pym, Ay =9 pum

oo = 16.2 MPa
V2rmoy, \2Tmo
max = 0.45 = 3.72 v mar Y0. — 11.
Py, (CAt—Ay) go 0o Pz, Ay 0.57 og 11.6 0

Py on y-axis 40 bunches Px on y-axis 40 bunches
oé— ! .. — ! ! ! - 05_ f 0 : : _
15: : =) 4 -
: @) X :
-2:_ — ~— -6_— -]
250 i~ 8 : ]
: & s =
-4:_l (!) l — 1i0 7' 71 — 2i() — 71 3i0 — | — 42 : 12:_| (!) — liG — 2i0 — 3i0 — 4i0 7
, y/a y/a
Py on y-axis 40 bunches
O e e Maximum stress : 11.6 09 = 188 MPa
: E * Max.von Meses stress: .95, = 112 MPa
£ ] e Max. von Meses with
X: o reflections: 180 MPa
. = ¢ Maximum stress was
1 E very close to the yield
° A strength.

(Ignorance is bliss! %15 $hhHYA)



Summary

Summary

e SuperKEKB abort-system uses maneuvers of the vertical
scan and horizontal enlargement to effectively reduce the
power dissipation in the extraction window.

* We have developed an analytical method applicable to the
dynamic stresses generated by the two-dimensional
Gaussian beam.

* For the Gaussian distribution, the dynamic stress never
exceeds the initial thermal stress.

e Maximum von Mises stress is 260 MPa.
e For KEKB case, von Mises stress is estimated as 180 MPa.

* Ti alloy may be a candidate as the window material.



Spares

Beam trajectory at the beam
dump of KEKB HER
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Spares
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c’(n) lambda=100

Spares

c’(n) lambda=50
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Spares
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