Summary of experience with HERAp
synchrotron light diagnostics

Kay Wittenburg @ Gero Kube
DESY / MDI
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days of running

1994  Install 1. spin Rotators=>longitudinal polarized leptons for HERMES
1996 Install 4™ Interaction region for HERA-B

1998 Install NEG pumps against dust problem, Reliability Upgrade

1999 High Luminosity Run with electrons

2001 TInstall HERATII Luminosity Upgrade, Spin Rotators for H1 and ZEUS
2001/2 Recommissioning, severe background problems, HERA-B physics Run
2003 15 longitudinal polarization in high energy ep collisions, high Lumi Runs

2007 Final shutdown of HERATI; after 16 years of running

Courtesy Bernh. Holzer
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DESY HERA 1986-06
Mai 1986

STRAHLPROFILMONITORE FUR DEN HERA - PROTONENRING

Strahlprofilmonitore fiir den HERA-Protonenring Kay Wittenburg
- Deutsches Elekironen Synchrotron: DESY

Kay Wittenburg

In diesemn Bericht werden verschiedene Monitore fiir die Protonenstrah] -
Profilmessung vorgestellt. Da im HER4 Speicherring die Protonen sehr
haufig umlaufen, wurden ausschlieblich Monitore untersucht, die méglichst
wenlg mil dem Protonenstrahl wechselwirken, Damit wird eine haufige, je
nach Monitor sogar standige Profilmessung méglich.

Da die Profilmonitere sowoh! im Beschleunigungs- als auch im Speicherbe-
trieb von HERA die Strahlparameter erfassen sollen, miiszen sie iber den
gesamben Energiebereich von HERA {40 - 1000 GeV) Daten liefern konnen.
Dies wird zum Teil nur durch eine Kombination von zwei verschiedenen
Monitoren méglich sein. Die hier untersuchten Monitore wurden irn HERA -
Proposal (Ref. 48) schon kurz erwihnt:
Strah]profﬂnjessung durch:

Deutsches Elektronen-Synchrotron DESY, Hamburg.

1. Synchotronstrahlung
a) Edge - Effelkt
b) Undulator

2.  Restgasionization <

3.  Drahtscanner <

4. Compton - Streuung von Laserphotonen

dwy3H ul pasn
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IPM in HERAD
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Monitor Skala Optionen Drucken Kameras Status ENDE
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* electron feedback: on off

e |, <0.01 uA (1)
® Pyac = 108 mbar
e FWHM = 10 mm

MCP dark current

First circulating beam in HERAp (1991)
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|IPM: Suffers from space charge of small bunches at high charges
(10! protons, o < 1mm, lon collection, no magnetic field)
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Abbildung 1: Beispiel vonIonenbalmen im Restgasionisations - Profilmoniter bei einem Bunchstrom von
Ie=700 pA und ozz= 0.3 mm. Abbildung 4: Beobachtbare Strahlbreite am Restgasmonitor fiir verschiedene Bunchstrime Ig und wahre
Strahlbreiten o (Simulation.) Die durchgezogene Gerade ergibt sich ohne das Stérfeld. Die Kurven
nihem sich fiir steigende s asymptotisch derungestérten Linie an.
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) , In oypy gehen die oben genannten Abhinggkeiten em. okon 146t sich dann mit Nihnmgen auf weitere
L Naturkonstanten zuriickzufithren:

L‘ wahr
L-:
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Hierbei ist (n metrnschen Einheiten): ¢ = Elementarladung, =0 = Dielektrizititskonstante, myp =
Protonenmasse und ¢ =Lichtgeschwindiglkeit. Mit (1.1 ergeben sich die in Abb. 5 gezeigten Kiwven (fiir

verschiedene W), die sehr gut die mit den Simmilationsrechnungen emrechneten Punkte beschreiben.
Die Komektur

gemessen

K

GL.3|

ORI i [FEED T 1 T OO | _
) - . war =
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Strahlbreite in mm

Abbildung 2: Haufigkeitsverteiling der Tonen am Strahl (wahre Breite ozz=1 mm)und an der Auslese des
Monitors {(messbare Breite FWHM = 4.5 mm), Iz=600 pA
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Transversale Emittanz [Drahtscanner)
Privilege Drucken Optionen Ende

vertikale Emittanz [ WH 85 ] Wi re Scanner a-t HERAD

Wire scanners were the working horse at
g HERAp

10720794 18:13:24 10/20/94 18:14:20

HY-auto: 1605 Y| Set HY
Hy-ist: 1598 ¥

d=0.71 mm

Scan

En= 13.25 Pi mm
mrad

L,z 53=10"29
mA”™-2 em™-2 571

|—0359ma P = 819 GeV 30.06.2007 23:24 M. Bieler =~ Wirescan vor dem letzen p-Dump

-
I File Resutts
Printing Save DatatoFile ! Data Buffer

HERA-P
- WS Results for HERA-p Yer: WR-98 and HERA-p Hor: WR-97
Fit Results HERA-p Ver: HERA-p Hori| 40 : - : -
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rHERA-p Yer: WR-98: Sat Jun 30 23:24:32.000 o R B e B BR E a  E| R S EE EEEE R
MHERA-p Hor: WR-97: SatJun 30 23:24:24.000 : : :

v Autoscale ¢ AllBunches Eutra Displays

& Cunent INIRRERRERIERE R
30.06.2007 23:38 E.Bacher Good Bve HERA ~ A::;?ude [ = S ] B [ e, e e ) [ i
H l| H B H H
Min. Current
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Good Bye HERA ﬂ‘ =J50 ok Bunch Number
Beam Info
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Svynchrotron light monitor for Protons in HERA:
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B-Endfeld (T) .,
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2. How much light? W ‘ - | pe
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Abbildung 1. Magnet-Endfeld: Daten berechnet von Ref. 2
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Formula of R. Coisson was used: r R
Observing high energy proton beams by synchrotron radiation in 10-1 20 ' N 3
non-uniform magnetic fields, Proc. Conf. Dubna 1980, p. 141-146 b8 ad \ Y 1
e a(Jl)w(S;a_-\v\"‘l 00 GeV !

Comparison with CERN: should be 1o+ -

100 500 1000
okay for E>300 GeV _ o I
Abbildung 2. Spektralverteilung der SR durch den Edge-Effekt: Mit
den senkrechten Strichen ist der Bereich der spektralen
Empfindlichkeit einer Photokathode angedeutet.
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3: How to get light out? &

i S I T Rt [_.-4. s T._.,. |
0.S 30 m -?0;- 10 A
(A%

bira - Yod 54, O (i

- ’
~roee 1).’/

HERP 057 Luls

Bu-oS
pe Stpedd
< e e e S e,
it —— 3es —
,,,S.i.——'

s Gl . - '
e f= Am
O‘ﬂzt'é oA f’la«.,«)le g = AL m
b = Ylhm

47 ¢,

e

~ "\ ~ P //
. ) nja ¢
A
/ va
- { ¢ ", ¢

{ (¢ 71 of.
77
/ 'y .
v 2 { [ 9 7
X / -~
’I h/
, SPuSed SRt

:‘)) FI.\I (|(‘I./l"l' /I"'/e (‘/{/“‘ C— ‘(7 7 "‘é’q(”—‘"
“ :\(,?L&‘ m\-(‘l("/

foray

bl -

L] 1 S8 B
/0(&0/ (‘VQV/{(Q/)E
b U — wefbu
(R. Heller)

i
|

5

Z = #4400 e

Fe S
I Welg [Spate ($+5) 200 |akst
401‘ 7/“ Ml

I“x= 64304

batSHT (f0006ey)

Rep=A3mt

N= S50 kW !

G-20800 Ky Spefan '23,& 4

(88C, Tesla)
Kowstvaubtiou: P Pretcch




Eu & P-Strabl

Buoscz)
2,5 cnn i \ Bu 0SC2) Buosca)
—_— 3 V'\

= TOSR-LAF ﬁl’
80,5 69,84 m 65,33 1m
(SpicjeL) (Qa;fer/

L ,~c‘,fc». {Sflltur»c]sa’rf )
\

AQ!J.IJ /’ op?":"{t Cf‘(s (J'jr"l*a/‘z()' Uno'/zyés f"ﬂ?‘b’cg/"ej

Position &£0,8 m

\\g——— STRAHL ROH R

/ | \\.. ZQ T e

’/,,»-——-‘ /;T_BCRIM be( QOéel/

s ook =
’,\‘»5\\\_573‘/,/‘4’."
.\b": /—/—S‘P;C3CL
NN Im ,
Sm ) ‘- —-‘“2~ (_,‘CHL{“A b&. 3006:V

Abb. L Duvbmessu ohp-Shoatles uaod oles SOUNtey Lo dhS w

~__urement for High Brightness Proton and Heavy lon Accelerators, 2013



Find the differences
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Figure 5: Intensity of the light from the 'Edge Effect’

Ref8: R. Coisson; Angular-Spectral Distribution and Polarization of Synchrotron Radiation
from a short Magnet

Physical Review A, Vol 20, Nr. 2, p. 524-528

Ref9: W.Hain; Synchrotronstrahlung, "Edge-Effekt’

Internal PKTR-Note Ng. 52,1990

“Intensity of the Synchrotron Light
An exact derivation of the theory of the edge effect gives a slightly different
result than reported in Ref. 8. The expected detectable intensity is shown in

B - field (arb. units)
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Abbildung 1: Edge 1 bei 5500 A mit Fit
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Fig. 5. The minimum intensity which is needed to give an usual picture of the

beam is about 107 photons/s. This will give a first light spot at about 300
GeV/c at a current of 160 mA. The intensity depends linear on the beam
current.”

Abbildung 2: Edge 1 bei 6000 A mit Fit
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4: Expected resolution
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5: First measurements with beam
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6: Improvements

Setup changes in 2003+05 (G. Kube, Ch. Wiebers):
Improving optic (avoids reflections)

Moveable mirrors (bellow!) and camera (2006)
Filters

CCD Camera (JAI CV-M300E) + PMT

/1/4 r
// 12 -
/ w0l entrance fringe field
‘g s ~ Vacuum Chamber
B «
| 4r !
- ) p \@—G/&
\ °s 1w z;::ﬂ 40 50 6o/ M1 /’////,[\/AN\//
I j Synchrotron Radiation
|
) L | L
l
neutral density
filter o
polarization |
filter / } ) .
N | Spherical Mirror

IHHH ***** o ®ﬂq; !

G. Kube et al., Proc. of BIW06 (2006), Batavia, lllinois, p.374
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o polarization = polarization

0 ' B . 0.012

06

o
o
g

0.006+.-~

0.004 4

spectral intensity [1/eV sr]
spectral intensity [1/eV sr]

0002

9\/ [mrad] 2

s, [mrad] Sy [mrad] 2

9 [mrad]

Compared to the intensity of the ¢ polarization component the = component is
less by more than one order of magnitude. Nevertheless for purposes of beam
diagnostics the contribution of the latter polarization component should be
avoided because the broader angular distribution leads to an increase of
diffraction broadening, thus spoiling the spatial resolution of a beam profile
monitor... The resolution broadening contributions determined are

Ao, = 84 um, Ao, =144 um.
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Photos of the monitor setup. (a) View in the beam tube on the extraction
mirror. (b) Setup of the spherical mirror. (c) The new detector setup. The
camera together with a photomultiplier are mounted on an alignment system
which consists of three stepper motors used to adjust the detectors in three
translational degrees of freedom. Two filter wheels in front of the detectors
allow to attenuate the intensity and to select the polarization direction.



For background shielding . ;

against neutrons the whole Shield by Tetraboroxid |—_3
setup was installed in a

box of Tekalen which is a

material with high

hydrogen concentration
and doped with 16.1%
boron oxide. In addition
the box is faced with a
lead shielding against
gamma background.

Camera with lead shielding

Light from SR-Monitor Photomultiplier
Flipping mirror
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/7: First measurements with new setup

& HERA  Emitance  B[=IE|
e a W ESEIEE

w. HERA Emittance =] E3

Print Print

sEEQNONO %= s «lEE0
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8: After some optimisation (moveable!): A real beam profile!!!

W p SyLi-Monitor OL81 [Operator Mode] B]=]3]
Print Operator Mode Expert Mode Load Default Parameters Devices...

02:43:00 > HERANETVIDEOO/VIDEO-1: 2:42:59 AM> BackGround OK Details >>

@)al® 2| B

Data - Background :Frame

sigma_X [mu]
sigma_Y [mu]
emitX [mm mrad]
emitY [mm mrad]

-r

]

4:29:45.64 11-May-2005
LEIN Mo
920.0 Ge¥ - 85.4 mA

Subtract from Frame:
ackground v
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. p3$/Ai-Monitor OLE1 [Operator Mode]

1 Opsr=to [Mcde  Expert Mod=

Load Defzul: Parareters

EBIE

02:43:00 > HERANETVIDEOOA/IDEO-1: 2:42:59 AM> BackGround DK

@7 P [E

Data - Background :Frame

0:35:15.56 17 -May 2005

-

B File Resulis
Printing Sawve Data to File ! Data Buffer

HERA-p Hor: WR-20
Fit Results

v Emitttance [l13.64
Ave. Emittance 18.79
Ave. Sigma 0.43

Iv Autoscale ¢ All Bunches Eutra Displays
= Current
 Amplitude I :]v

Calculate Pin. Current
-1 50 ok

Beam Info
Bunch: 1
Bl '~ P-Current 475.44 Label-Beam
Bl '~ E-Curent 25.86
Moise Bunch: 0.00

Moise Subtraction: MNearest Empty Bunch
Smoothed

sigma_X [mu]

sigma_Y [mu]

emitX [mm mrad]

emity’ [mm mrad]

!20

920.0 Gev¥ - H8.1 mA

Details >>

100
Bunch Number

Currents on Tue May 17 00:48:43. 000 CDT 2005

T

Bunch Number




= p SyLi-Monitor OL81 [Operator Mode] EEIXE
Print Operator Mode Expert Mode Load Default Parameters Devices...

No messages Details >>

(O)]* =1k

Data - Background :Frame Data-BG
sigma_X [mu]
sigma_Y [mu]
emitX [mm mrad]

@ T emity [mm mrad]

7:05:20.04 4 Jun-2005

Bdo
920.0 Ge¥ - 45.8 mA

Subtract from Frame:
Background hd

B File R
Printing Save Datato File! Data Buffer

HERA-p Hor: WR-20
Fit Results 60

WS Results for HERA-p Hor: WR-20 on Sat Jun 04 07:17:16.000 CDT 2005

v Emitttance HW23.72
Ave. Emittance 35.42
Awve. Sigma 0.59

IV Autoscale ¢ AllBunches Eutra Displays

* Current
" Amplitude ] jv

Calculate M et 100 150 200 250
—=Js0 _ok | Bunch Number
Heam:infc Bunch Currents on Sat Jun 04 07-17:16.000 CDT 2005
Bunch: 9 :
Bl v P-Curent 376.66 0.00
Il i~ E-Curent 32.38
Moise Bunch: 13.00

Moise Subtraction: MNearest Empty Bunch
Smoothed Bunch Number




22.08.2005 04:46

Kube p SyLi-Monitor: Protonen fangen an zu schwingen ?

Collimators were moved to the beam

Print Operator Mode Expert Mode Load Default Parameters Devices...

B X
No messages Details >>
@ |32 || o 71| 1] || 2
50 s, 100 s, 150 s. &
-“ = TR .‘ L
13.5
Position X, mm
1506 ®
8.2 Position Y, mm
= - F T e @®
FWHM X, mm
50 5. 100s. 4 150 5. B3
AT o .
D 3 ;{;‘*—r“—‘.—"-& 53
- > 3 A I 1.
1.41 K ': TR 0

FWHM Y, mm
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22.08.2005 08:22 E. Kot p-SyLi nach der Verschiebung des vertikalen Tunes.
Tau_p steigt aber auf 100h.

w p SyLi-Monitor OL81 [Expert Mode] =3
Print Operator Mode Expert Mode Load Default Parameters Devices...

| No messages Details >>

®| o |3 b e | | | 2 |

e %

‘.‘o. "o’

*
o A . W W W -.-

""'"'*\'.‘“Mﬂl N2 M
1.45 . "8 ‘ e
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The bunch pattern (with PMT)

2K KLU 3005 rs AVErage BYPrAges. L%

VSR M1 00ps CRi Y SS10my

2006:

“After the improvements and the start up of HERA (with electrons) ...
proton SR is already detected by the photomultiplier. The multiplier signals
observed with an oscilloscope reproduce nicely the fill pattern of the
HERA proton ring. However, the alignment procedure of the imaged beam
spot onto the chip of the CCD camera through the optical telescope is still
n process ...”



9... and here the story finds its final end.
Quite abrupt

07.03.2006 17:50 Kube Protonen SyLi-Monitor
Erster zarter Lichtschein auf Kamera gefaedelt.

Ist bislang zwar noch eine Reflektion,aber immerhin ein Signal, auf das man optimieren
kann...

w, p Syli-Monitor OL81 [Expert Mode]
Print Operator Mode Expert Mode Load Default Parameters Devices...

17:46:42 > HERANETVIDEOO/VIDEO-1: 5:46:42 PM> BackGround OK

Data-BG
sigma_X [mu]
sigma_Y [mu]
emitX [mm mrad]

Mo

920.0 Ge¥ - 84.6 mA




The End

Thanks to G. Kube for many information

9th DITANET Topical Workshop on Non-Invasive Beam Size Measurement for High Brightness Proton and Heavy lon Accelerators, 2013



