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Profile Monitorsin the Proton
Accelerators

e DESY Il

» Wire Scanner, very old and
new

» Residual Gas lonization
(Prototype)

e PETRAII:

» Residual Gas lonization
» New Wire scanners (LEP type)

® HERAp:
» Residual Gas lonization
» Wire Scanners, old and new
» (Synchrotron Radiation)




Residual Gaslonization Profile
Monitor
in DESY |11

® Prototype with no MCP
e Amplification by SIT Camera



Residual Gas lonization Profile
Monitor
in DESY |11

® Sensitivity at 10® mbar:

» reliable signals from 7-200 mA
beam current using a sensitive
SIT camera

® Resolution:
» Primary electrons
» Secondary electrons
» lons
» Space charge
» Optic (electrons and light)
» Camera




Privilege Drucken Optionen Ende

DESY Il Transversale Emittance [Drahtscanner]

hor. Emittance DESY 1l

HY-get: 2089 ¥

HY read:3970 ¥ |l autom. |

g= 117 mm
£= 655 Pi mm myad
n

P = 7.50 GeVY

213596 15:44:53 \

® 1.17/7mm
e 1.19mm

------ 7

Monitor Optionen Scope horz. Scope vert. Drucken

Strahlprofil-Gasmonitore |~

manuelle Eingabe: [T ih

Last Action: Get
DATA honzontal




Residual Gaslonization Profile
Monitor in DESY |1
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Residual Gas lonization Profile
Monitor

1 V/div

Electrons

lons + Electrons :

A Nﬂ_h_iLA

10us/d.v

*The“light” electronsare much more

sensitiveto the space charge of the beam
than the* heavy” ions



Simulation of space charge
distortion
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Helmholtzcoll

B:...« Cyclotron frequency = time of flight
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Hel mholtzcoil

Test in Lab with a 100 nm wire

B =0Teda

Fl-"‘ﬂ-llill_:1 Tesla B= 1.1-107° Tesla

near resonance

W div

On resonance
s =230 mMm

1 msek./div B=0.01 Tesla




DESY |11

Beam width ver sus momentum
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M easur ement of the transver sal
energies of the Electrons/ lons
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Distortion dueto secondary emission
from cathode

Changing the cathode voltage
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Distortion dueto space char ge of

Changing the grid voltage
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Space Charge Correction

by Th. Schotmann

B,
B.

FWHM,, =+/2In2 Gfmzﬂx-ﬂ—-r-d-
E'%‘C P 8

with:

I = beam current
N, = number of Bunches
U,= circumference of the accelerator
1, = classical proton radius
m,, = proton mass ( if H, ions)
V, = Potential between grids (Extraction field)
x = value of beta function at monitor (direction of measurement)
B, = value of beta function at monitor (perp. to direc. of meas.)
a = fit parameter = 1.96
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® 700 mA » 10! Protons/bunch in HERAp



Distortion dueto electron optic
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Residual Gas lonisation Profile
Monitor in PETRA |l and HERAp

» Vacuum 10-° mbar

» 1-60-210 Bunches => << 0.1 - 160 mA
» 7.5-40 - 820 GeV/c

beam width << 1 mm, length 30 - 3 cm

NS
A\



First circulating beam in HERAp
(1991)

e, £0.01 A (I)
o P, »10°% mbar
e FWHM » 10 mm

MCP d:ark current




Residual Gas lonisation Profile Monitor in
HERAp

i 3 ONITOTE |~

Monitor Skala Optionen Drucken Kameras Status ENDE
39.9¢ 819

+
/\ \
15.2 121
0.71 0.67
55 170 +
* electron feedback: on off

..........

® Continuous observation
® no absolute width measurement

® observation of changes at injection and
ejection (PETRA)




Residual Gas lonisation Profile
Monitorsat Petrall and HERAp

Comparison: Wire-scanner vs. Res.-Gas

+:Petra

*:coasting beam

121 139 res.-gas

e 173 wire-scanner
current/bunch [10e-6 A] 173

Comparison: Wire-Scanner vs. Res.-Gas

vertical

220

res.-gas
wire-scanner

e Ok. upto 220 mA/bunch (=ca. 3:4.0° Protons/bunch)
incl. space charge correction



Fast Evolution of the normalized
emittance and the beam width in
DESY |1l measured with alinear
sensor and alocal gas bump.
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Higher order modelossesin the | PM

AEF —10.0 dBm

ATT 40 dB

Yoo

10 dB/

RBW

1 MH=z

i

VBW

Hj!f : U“W}W

300 kHz

SWFP 50 ms

SPAN 1800 MHz

CENTER 900 MHz

@ For the long proton bunches no problem



Wire Scanners at DESY

Scattering

SEM current P

Bremsstrahlung

beam

OFms——— =0

Potentiometer /Ruler

VYol

 PMignd

Posttion

Time

chamber

Scintillator

Light guide

Detector box

\ Photomultiplier
1




Wir e Scanner
In DESY |11

» linear, pressed air

» Vv =1m/s

» Carbon wire

» @ =7 mm

» Szintillator + Photomult. readout




Wir e Scanner
In DESY |11

Auswahl Daten

Anzeige der Scan-Daten WH34 [Hohwerte]
Dartstellungsart Fit Drucken

Fosition

Zuriick




Wire Scanner
In DESY |11

DESY Il Transversale Emittance [Drahtscanner]
Privilege Drucken Optionen Ende
hor. Emittance DESY 11

HY read:1549 ¥

g= 1.71 mm

£ = 13.92 Pi mm mrad
]

P = 7.50 GeV

1041394 13:35:12




WIire scanner
In DESY |11

Frequency

30

25

20

15 -

10 -

Position resolution of wire-scanner

-0.21
-0.19
-0.17
-0.15
-0.13
-0.11
-0.09
-0.07
-0.05
-0.03
-0.01

s=HmMm

0.01

™
=
o

0.05
0.07
0.09
0.11
0.13

X(Fit) - x(Meas.) [mm]

N—r

0.15
0.17
0.19
0.21

® measured position vs. linear fit




Wire Scanner
In DESY |11

® Wire - Temperature:

» Calc. Tmax = 3400 °C
at =160 mA

e Emittance blow up:

» 10%/scan at 310 MeV to
0.01%/scan at 7.5GeV/c

® Beam losses:
» <0.1 %/scan

No broken or burned wire,no
detectable beam loss or
emittance blow-up!




Wir e Scanner
iIn HERAp

* Movement by pressed air
* Wire speed: 1 m/s

* Wire material : Carbon

* Wire diameter: 7 mm
 Signal: Scintillator + SEM




Wire scanners
at HERAp

Transversale Emittanz [Drahtscanner]

Privilege Drucken Optionen Ende
vertikale Emittanz [ 'WH 85 ]

(@ Fmdomaiting ) Photomultipl. m

Scan

10/20/94 18:13:24 10/20/94 18:14:20

HY-auto: 1605 ¥l Set HY
H¥-ist: 1598 ¥

g =071 mm

En= 13.25 Pi mm
mrad

L.z 5371029
mA -2 cm”™-2 57-1

|1=0359mA P = 819 Ge¥

\

Since start of HERA (1990) 3 broken or burned wiye,
no detectable beam loss or emittance blow up

due to wire-scans!

Increased background measured by the experimen
Specific Lumi agrees within 0-20% with experiments




Wire Scanners
iIn HERAp - Fits

Anzeige der Scan-Daten WWHE5 [Rohwerte]
Auswahl Daten  Dartstellungsart Fit Drucken Zuriick

blue: Data
red: Gaussian Fit




Single bunch emittance
measurement with the
HERAp wire scanner

e

_ Transversale Esnittanz [Drabtscannet)

1 Privilege Daten  Status  Drucken  Optionen  Ende
' hatizontale Emittanz ['WHR 34 )

Photomulliplt -'

HV-auto: 2200 V|| Sel HY
HY-ist: 1326 Y autom.

® s =515mm
® ¢ -23.92p mmmrad
® p=40GeV



Trigger logic for the single bunch
emittance measurement

Trigger Wire Scanner

(SEM)
100 ns M
I

Fan Gate Fan Gate linear Shaping

Ampl.
dela delay Gate 10008 Gate |,f |} |f'
HIT out a0ms "M 4007s 1

[ ] [ | J——PM hor.
hor. 1 PMven Yor vert.
I Verst. analog

delay
132 ns

<
1]
=

Gate —V
Current
| in _/\)_

delays  Gate

ca 600 ns 5 ¥ Schalter (SEM) Schuld-
Kasette
- hor. ——
Position verl.
Becker
Trigger 500 ns

vert. _/-‘\J_
]
hor. | —"T\ CI01BJR-AT

Trigger zum PC




The LEP Wire Scanner In
all circular accel.and in TTF

Advantages.

o Variable speed -> Tail measurements
e Small synchronization jitter

e Small size

» Very precise (<2 microns)

o Suitable for all acceleratorsin DESY




The LEP Wire Scanner in PETRAp

REAL SCANNING MODE EE
Privilege Parameters Daten Status Drucken Optionen Optik Ende
TR

® IN SC O DUTSC
' POTEN. DATA UL

| | ' ® RULER DATA [LULUEN
READING DATA W1 | [
BWS INIT
] |
SERVER REBOOT
Settings Clatus
PM-HV1:
Scan 2500 2500 v

K I

fi HvE.
K I e

SET

FPwHM
d = 2_['5? mm 4.548 mm

€ 81338 Mean
pi = mm = mrad 6. 472 mm

M aximum

Moize
(1]

E= 7.5 Gey



Triggered scan for TTF and DESY 11

Scans at 0.8 m/s

0.4

0.35

0.3 A
0.25 * l ///\//\ Pl /\

. ¥ W
HVAV. UL VA el

—e— without Resistors

Dt - 4.6 [ms]
o
=
(5]

M M —=— with Resistors
0.1 A a . 5 A //\ = j

NP T g W\/\/\/
0.05

-0.05

-0.1 —4+—+—+—"+—+—+—t++t+—t+—tt+++——tt—t—+—t—t—tt———t————————t—t—t
I S T S ST N T S L o B I S O O S S S
index of scan

® Synchronization jitter < + 200 ns




Temperature of thewire (v=1m/s)

Num. of part. Typ. Beam diam.| Temp. after scan [C] |Eqi. - Temp [Celsius]
HERAp 1*10M3 0.7 mm 4000 4600
HERAe 6.5 * 10M2 0.2 mm 6500 4500
PETRAp 4.8*10"12 2 mm 1300 3000
PETRAe 1.5*10"M2 0.1 mm 6300 5700
DESYIII 1.2*10"M2 1 mm 3400 5300
TTF fast 2.8*10"3 0.05 mm 4000 7400
TTF slow 2.8*10"3 0.05 mm 230 000 2000

Melting temperature = 3500 °C for Carbon

= 1700 °C for Quartz

Thewirein DESY III still exists with 200 mA = 1.25-1012p
In HERA 3 burned wires in the last two years




WireVibrations

REAL SCANNING MODE - :l-
Privilege Graph AllDataSaving Ende
Photomultiplier X Secondary Emission [ BWS * AutoScl

¢« SET1C SET2 H&

e IN SCC OUTS DE
'POTEN. DATAQ 1 | (*
s RULER DATA

READING DATA
BWS INIT

Server Reboot

Scan Scan 0 0y

HO * *§ 0mcA
1720 1720V
- *8 3370 mcA
SET

® Wire mounting not fixed
® Black line = Fit of Gauss + Sinus
® White line = fit of real beam



Datafrom DESY 111

0, 00000

amp 1tude (V)

0.05

0.04

0.03

0.02

0.01

0.0

g

Simulation

5.,00000 ms

s

OO ms/diw

E

IU {]{]'l'}il Hl

freq. w: 3.8 kHz, amp:

—r T T T T

06 mm, a: 1.8, o; 1

min

-0.004

0.0 0.002

0.004
time (s)



Photomultipliersfor wire scanners

type sensitivity [microA/lm] ‘ampl. Photom. Stages |max lin. [mA] Diam. [mm] volt [KV] |continuous curr. [mA] rise time [ns] used at

R2238 60/5*10"5  Bi 12 76 15 01 5.5 CERN PS

XP 2243/B 160 2*10"5  tri 6 200 44 25 0.2 1.6 CERN SPS/DESY
XP 2203 B 165/4*10%  tri 10 200 44 12 0.2 3.5 Tevatron

XP2020 70/2*10"8  Bi 12 280 44 3 0.2 1.5 SLAC

tri = trialkali Photokathode with lower resistance than bialkali

® Good linearity at high peak output



High peak current voltage divider

Spannungsteiler fuer Photomultiplier XP2242E
B hei
-HV SHV Buchse K 2200V
T Kathede PIN20 |+1004
Rl 454 ¥
I dl PIN 2
R, 150 vV
I _!'_ a2 PIN 17
ce — — 1 R, 213V
I 43 PIN 3
S — J.— 2 R, 340V
i a4 PIN 15,16
259 Y
c8 p— R
% I 5 s PIN 5
co 4 R; 408 ¥V
I L I a5 PIN 14
clo—— —— 5 - 376 ¥
| & & I ANODE PIN 13, 10
GIND
R
Signal  BNC Buchse
Widerstaende: EKapazitaeten:
Ohm Watt o - f‘araﬂ +.10%4%
+ 10% minim -on
wm €2 =1n
RK=1MOhm  RI=100k, 2W 3 =33n
RL =1 kOhm R2=33k, 07 W C4d =47n
R3=47k, 1W C5 =47n
Ri=T5Kk, 15W C6 =4700n
R5=5Tk 12W C7T =4700n
R6=00k, 19W C8§ =10000n
R7T=83k, 1TW C9 =15000n
C10 = 47000 n

Summe = 485K, 45 mAbei 22 KV



Synchrotron Radiation (edge effect)

iIn HERAp
J




Synchrotron Radiation (edge effect)
iIn HERAp

® The first spot of SR-light



Spatial Resolution

Theoretical Spatial Resolution

microns
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Measurement with Laser and 3 slits (500 nm)

Lﬁuhmsiﬁaqw{

......

30,8800 us

3373800 us 55 8800 us
500 neidiv






