Test of Diamond screen at PITZ

2 Parts

-Difference between YAG and Diamond screen

-High Load Test ( 9.6.2011n)
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Test of Diamond screen at PITZ

Photo Injecior B
Test Facility i

thickness 100 pm

diameter 30 mm

Incident angle 450

High thermal conductivity 5 times higher than Cu
Emission wavelengths 415 - 478 nm

HJG,02082011

S. Rimjaem, Workshop on Scintillating Screen Applications in Beam Diagnostics, GSl, Darmstadt, February 18%, 2011

Chemical Vapour Deposition {CVD) Diamond Screen
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Reference: M. Degenhard, “CVD Diamond
Screens for Beamline Diagnosis at PETRA III”

Diamond:

polykristalline with
special doping

Why Diamond:

Excellent Thermal Conductivity
- can withstand large heat-load

Excellent Vacuum Properties

Excellent Mechanical Stability



Test of Diamond screen at PITZ

8. Rimjaem, Workshop on Scintillating Screen Applications in Beam Diagnostics, GSI, Darmstadt, February 151, 2011

Pk ety [ and CVD diamond screens: no. of pulses & camera gain

o Fixed parameters:
2 »  omentum ~24.8 MeV/c
= =  No. of bunches / train: YAG (1 bunch),
= CVD diamond (5 bunches / train)
é Vary parameters:
5 = (Camera gain
= CVD diamond = Foousing (adjusted sclenoid current to have
E 10 . . ! the same beam area)
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0.4 YAG: <x> = 18.17 mm, <y> = 12.71 mm
0 5 10 15 20 CVD diamond: <x> = 15.90 mm, <y> = 12.5% mm
camera gain

<0,,”cvb™ <Oy vac ~168 pm
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TS %
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FLUKA simulation of a diamont radiator, assumtion: EDEPO ~ fluorescence

electromegnetic energy , 100 um diamond
]

electromagnetic energy , 5 um diamond

Diamont
almost transparent for ys
( visible and Rontgen)

HJG,02082011

RMS

4 > RMS,

comparison ofa5? pum with a 100 ? um radiator ????

Diamon
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flurescence point

Y
e’ e
Y
_ 5?7 um YAG-Layer
Diamond
Y

00 ? um
flurescence of the Aluminium
whole body inside 2 &
and more

flurescence of the
YAG-layer
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High power test of Diamond and YAG screen

o, { pitz_diagnostic_h2s4: PITZ.DIAG/SCREEN/HIGH2.SCRY/ <@pizifhide= [ 5] 5]
LIN.OUMP. PG1
e rro HIGHZ, TPM
'-16"-1'5"3 HICHZ, 5crdg HICHZ, 5¢
DLMF . ¥1
e ]

Adjust tol nCat Hl,ICTl 1 P.IGFL LIN HIGH? . IGF
Focus on D /YAG screen 6 DISPE. Scr 6
Incraese NOP

1 |

Observe pressure in IGP1,IGP2,IGP3

distance
Observe beam spot on screen 32 cm

screen - dump
HJG,02082011
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video Clent 2

Appiication

=10 x]
Image Background Help
Toolbar
< mm o <y omem wAMS ¥ AMS Scale Select Server (Camera] FF: Sum of Picels
[+35007 [Ga7ees | [es7es8 [os0s041 [0.033352 [Fe1v21: Righ2scd B =] Swich . |[5522263 0000 DAGs

+10.771
10.06.2011 01-02-08;

Diamond: NOP 4, gain 25

10.06.2011 02-53:26: Disconnected

Test of Diamond screen at PITZ

Video Chent 2

g 1 3
Application Image Background Help
Toolbar
<w>mm < mm 2 FAMS ¥ AMS Scale Select Server (Cameral FF: Sum of Pixels
[2742752 [034635 [0.550128 [0440502 [0.043352 [FG1.vZ1: High2.5crd (Bin2x2) ~| Switch... | [4518052.0000

DAQs

SRV

T+12.926

YAG ( Aluminium ): NOP 1, gain 18

RMS ~ 0.7 mm
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Diamond- Screen

. Plot hist: PITZ, VAC/ION PUMP/LIN,.DUMP.IGP2/P

PITZ . VAC/TON _PUMP/LIN.DUMP . IGP1/P|
[nbar] PIT. JAC PUMP/LIN.DUMP . IGFZ/P

1.8Be—-08

PITZ.MAC/ION

[Cnbar]
Z2.5e-08B

57
10.6.11

Plot (history)

ERCDNIGATESS

el

PITZ.LASER/NEWLASER/GUN/GATE 4

PITZ.LASER/NEWLASER/GUN/GATE_4

0.
—100.

2:27 3 3:07 3:27
10.6.11 10.6.11 10.6.11

Plot Chistory)

HJG,02082011 stable vacuum at NOP=500 for > 30 mins
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Beam-spot at start ( NOP =500 ) 36 min later (10.8 10® NOP)

Altogether 19.6 10 NOP in 104 minat ~ 1 nC
HJG,02082011
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> - O x

‘ falsih. defgreupipieideocs/meas weiWinScan ner) howd 201 060N E s4d_4p_g250me

|E|20__ ........ ............ ............ ............ ............ ........... I
>_'* : : : :

Meany  13.75 | | —301

181 i SR S S RMSx  0.8586 | ..o b
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2 3 4 5 6 7 8 9 10 1M
X, [mm]

Mean x 8318 | :

Mean y 13.75 :

RMSy  0.5564 | :

Integral 2.6456+06

RMS x 1.058 | i 1 -

101

801

60!

401

| fafzith.defgroupiitz/dooc sime | A= 272(11.78), v =386 {1670, |=0.0

4

| Jafzith cefgrouphitzidoocsime | » =247 (1067, v =456 {19.73), 1=00

Diamond: at start

after 104 min ( 19.6 10° NOP)

HJG,02082011 Intensity drops to 38 %, but only in the last 5 mins.
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Applicati

=1aix|
round  Help
T
cemm <> mm 2AMS Y AMS Seale Select Server (Camera) FF: Sumof Pixels _DAODE
2225316 [084Ea3 [1205167 [1.057003 [0.043352 [FGi.v21: Highz 5-:4[3 n2:2) |~ Switch... |[27194034.000 DAOs

10.05.2011 02:37:08: Disconnected,

unstable vacuum behaviour at NOP = 200
we interrupt the test

HJG,02082011

YAG-Screen

', 4 Plot hist: PITZ.VAC/ION PUMP/LIN.DUMP.IGP2/P.

PITZ . VAC/TON_PUMP/LIN.DUMP.IGP1/P
PITZ . VAC/ION_PUMP/LIN.DUMP.IGP2/P]

>, { Plot_hist: PITZ.LASER/NEWLASER/GUN/GA
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> g
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YAG : at start

HJG,02082011

after 32 min (19.3 103NOP)
interrupt: vacuum bad
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<) Video Client 2 N [=]E3
Application  Image Background Help

Toolbar

eomm  gomm xAMS  yRMS  Scale Select Server [Camera) FF: Sum of Pisele  DAOD:

381101 |7 665511 |0.433884 0436035 |0.043352 IFI31 w2.1: HighZ Serd [Bin2x2) j Swiitch IEBUBEZ 0o0oo DAQs

T+12.155
[Ea]

1: Disconnected.

<) Video Client 2 =S
Application  Image Background Help

Toolbar

rmmo <y mm wRMS yAMS Scale Select Server [Camera) FF: Sum of Pixgle D200

2250188 |-115150 |1.958817 |1.958335 |0.043352 IFI31 w2.1: HighZ Scrd [Bin242) j Swiitch |4ZETSU3U 0oo DAQs

SRY
T413.621

10.06.2017 03:43:59: Disconmected,

diamond: at 1500 ° C it sublimates to graphite YAG

HJG,02082011




Test of Diamond screen at PITZ
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HJG,02082011

Vacuum-activity

Buch charge 1 nC

|
.%‘/f/-./_./_.’/
100 200 300 400 500

NOP

B Diamant
=#-YAG
— Linear (Diamant)
— Linear (YAG)

600
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27636 Triangles ° Solve heat PDE
on a mesh (FEM):

0. T(x,t) = kAT (x, t)

k = A/(p*C)

A = thermal conductivity
C = thermal capacity

Simplification: p = density
- Slab ( z=0)
- Q=1nC(constant)
- C,A =constant ( = f(T) ) FreeFEM++
- No heat conduction between bunches free avialable PDE solver
- No heat radiation
- Temp.-jump 1 train
(NOP=500, 05 ~0.76 mm): 84.9°C

HJG,02082011

www.freefem.org
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666666

Simulation with 500 NOP/train and 1 nC

Within 0.1 s ( the arrivel of the next train ) the temperature in the center of
the beam-spot cools down by 67.5 °K
(in reality this value must be much bigger)

For aluminium this value is 3.3 °K |

HJG,02082011
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slab simulation NOP = 500

390

380 diamond

3704

360
_ ] aluminium
3504 67.5%K

3404

temperature K

————

310 T r v v T r v v r
Q00 001 002 003 004 005 006 007 008 009 010

time,s

Diamond: A =20 W/cmK, C =0.51 J/gK
HJG,02082011 Aluminium: A = 2.35 W/cmK, C=0.91 J/gK



Test of Diamond screen at PITZ

* measure we reallyat 1 nC?

» No, charge loss in high2 section.
( may be ~ 800 pC)

HJG,02082011
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File Edit Vertical Horizjdcg  Trig  Display Cursors  Measure  Masks  Math  MyScope  Utlides  Help
Run Pk Detect

Tek

_________________ o Buttans
,,, T - T T P Y PR e P P

Curs1 Pos

| H1.ICT1 | cuszros

100 % r f f : :

b1 -2.2ps

b2 497 Gps

At S00.0ps
B P 2.0kHz

foreainay Am1zave

100 (y i ' ' ey vy i u: -1.79E8E25)
0 C ! ! BT REY U R R R

7 2246n nr 3333k

. . . —{ArealCa) -2 704 s
""""""""" p: -2 F30E7E

i i ) ) “frns 29380 M -2.015

o 54580 n: 3333k

frealC2) -1ES Vs
Au: -1.E340z73

P | H2.ICTL =& o

93 %

7 3285n nr 3333k

FE-PEICZ) 424y
o 42.05312m
Jm:400m W 44.0m
7 S¥1.2p n: 3333k

PRI U | SIS BRAE ST
ch2  20.0mY M 100ps T00MSs  100nskt  282ps
Ch3  200my Chd 200y & Chi o~ 252y

-~ 7 % charge loss up to the H2-section ( already measured 04.05.2011 A, see logbook )
- loss of signal bigger than 300 NOP ( ~ 50 % )

HJG,02082011
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e Different RMS-size and intensity between YAG and
Diamond can be explained.

* The flurescence of Diamond screen is to strong at
large NOP.

* Thinner Diamond screen ( foil 20 um ) can solve
problems probably.

 Diamond is much more stable against heat-load.
 Diamond shows an execlent vacuum behaviour.
e At 1500°C Diamond becomes Graphite.

HJG,02082011



