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(meyners@desy.de)
Norbert Meyners, Sept. 9, 1996

Aperture

13.6 m
15.04 m

135.35 m

60 m

WR 133.5

2.9 m

2.85 m

16.72 m

laser lab, room 916

Ar-Ion Laser
(cw; 514 nm)

24.34 m

Mirror M0 Expander
Beam Pockels

Cell
Chopper

Mirror M1a Mirror M1b

Beam Shutter

Pump
Stand
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Lens Doublet (f=14.5 m)

Entrance Window
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Mirror M3

Mirror M4

Interaction Point

HERA Tunnel, Section West Right (WR)
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Light Analyzer Box
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Nd:YAG laser

screen

lens doublet

laser room cable shaft

screen

polarization analyzer

mirror M 3

interaction point
laser - electron

HERA exit window

stand

3.3 m

shutter

2.5 m

10.6 m

5.6 m

8.4 m

beam& optical system pump

mirror M 2

mirror M 4

Compton photons
calorimeter

HERA  electron  beam

electrons

window

screen

HERA tunnel, section East Right

mirror M 1

mirrors M 5/6

entrance
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HERA entrance window
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 HERA-e Polarisation on Saturday May 29 2004
Polarisation [%]
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< K>=@?BADC3KBE�LDFBGHAIGKJMLONDCPLOQBRPGAHS�T
S�UVLYK>= � � LMNDGW=BGeLDGHN\HXCIK>GH=@Y5K>GKQ.Z[YYKBG]\�NIY5H B_^ (`&)(a*b#&)(dc)(2fe�g � � %N%ih YjNDNIGHA9E�Y5K>=BA�LkY 2fe�g �%C3K[B_^ (l&)(nm S�LYK>= ��/10�2�35� �76�� h YjNDNIGHA9E�Y5K>=BA_LDY �'/10�2435� �oCIKBp^ (o&)(q&�(sr KtLO=B=BC»LkC+Y5KuSv\�YjRPR+YxwyC3KBE�LzwiY{JMLONIC|LOQBR+GHAS
}�~�LYK>= 2fe�g � � % % ��0o*-� � � LONIG�?BAIGH=tCIK�LDFBGh F�LONIEjGH= h ?BNINDGeK�L%GJOGGKML�AIGHR+G h LDCPY5K ( }�~oCPA�YjQ=LkLOCIK>GH=twyC3LkF�LOR+R h GRPR+AoYM\�� <K� LYKB= KBY5HXCIK�LORJjGN9LDGdD�E
YjAIC3LkC+Y5K �'� S � S �.�5(�2fe�g � � % % ��0o*-� � � C+A�CPA h LMR h ?>R|LjLDGH=�wyC»LkF§LDFBG h GHRPR+A�C3K�� <s� GÁD h RP?B=>CIKBELkF>G��BNDA9LWC3K7KBGHN�NICIKBE�YO\��4� <s� (
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r K�YjND=>GHN§LDY h FBG h-, LkFBLjL§LDFBG h LOR h ?BR|LjLDGH= 2fe�g � � % % LYKB= ��/ 0 2�35� �76'� YO\�. � NDGeEBNDGADGeK�L
LkF>YjADG YO\�NDGHLORW=�LjL L)SiwiG h FBG h-, ?BADC3KBE0/K�21 r43 NIG-LOR]LYKB=5. � AkLYHJEBRPGA (76 FBG GGKBGNDEjC+GHANDG h Y5K>A9LkNI? h LDGH= Q.ZcLDFBG81sYj?>QBRPG < KBEORPG_H GdLkFBY�={LYKB=:9jL h ^�?BGdL b ; RPY5KB=>GHR YYKBGsLONIG h Y5HcEBLONDG= (

/=< 	> 8 2 < 	eADCIK } � 8 ? @ � < 	 �#*�0 T < 	 �ADC3K } � : �'&)(A�M�.�
6 FBG_=BCCB GNDGGK h GpYO\ / < 	> Q�GdLzwiGGGK�. ��LYK>=o=BLjL L�LYHXYj?7KMLDA &ED * ��F LONDYO?7KB=�} � 8 �>:HG��I�):dcj�Q
GeLzwlGHGGK@��� <K� �I; � <K� � LYK>= ; � <K� �IJ � <K� � (�2fe�g � � % % LYKB= ��/ 0{2=Kj� �sYO\L. �!GJjGeKMLkA LMNDGNDG b wlGHC+EjFMLkGH= LkY�=�L^L LXLYKB={wiG h LMR h ?>R|LjLDGTLkFBG , CIK>GGH LjLkC h JMLONDCPLOQBRPGA (
M:N-O P�Q8R�S�Q!T R$Q8U�VXWZY�S�R�[ZU�S�\]VXW
r LpCPA�CIHJE�YjN½L LYKMLÄLkY�L hHh ?>NkLjLDGHR+Z§HXG-LOAI?BNDGÅLDFBG CIKMLDGHNkL h LkC+Y5K�E
YjCIKML�\�YjN¦LDFBG�NDG h Y5KBA½LkNI? h LDCPY5KYO\ , CIK>GGH LjLkC h JMLONIC|LOQBR+GHA (^6 FBG K JOGHN½LkGdD�E�YOADC3LDCPY5K�CPA§EBNDC3H[LMNDCPRaZ�HXG-LOAI?BNDG= Q.Z ?BAICIKBE�LDFBG� 6 1�LkNDL h-, A`_ �O;)a�(cb Y wlGJOGHNHSlADC3K h G�LDFBG@A h LjL\LDGHNIGH= KBGH?=LDNDC3KBY CPA�KBYYL =BGdLkG h LkG= C3Ked¤B�f 3=BGdLkG h LkYjN�C3K ��� G5JjGeK�LDAHSmLkF>Gs?BAkLMQBRPG�LDNkL h-, A \�YjNhLDFBGKJOGHN9LDGdD HXG-LMAD?BNIGGHXGGKMLWLONDGKRPCIHXC3LDGH=X\�YjNGJOGGKMLkA;LDF�LjLsFBL JOG RPY w F�LO=>NDY5KBC h LjKBEjRPG ( . YjA½LsYO\ LDFBG�LDNkL h-, As\�NDYYH FBLO=BNDYYKBC h AIZ�A9LDGGH LMNDGYj?=LDADC+=BG�YO\ � 6 1 L hh GeE=L LYK h GWLYKB=uLkFBG JOGHN½LkGdDXNIG h Y5KBA9LDND? h LkC+Y5K wyCPRPR)Q�G�E
Y�YjN ( < H GdLkFBY�=�LkYHXG-LOAI?BNDG;LkF>G�JOGHN½LkGdDV?>ADCIK>E �4� <K� LkC3H C3KBE�CPA�=>GJjGRPY5E
GH=0_ c)*]a LYKB=V?BAIGH= \�YON�AD? h F GJjGeKMLkA (

gG�����8��h ���������451��ji4���������k&l*�monqp:r �� � ����(
6 FBG�R+Y5KBEjC»Lk?B=>CIK�LOR ADCtsG%YM\1LkF>G�E
YjADC»LkNDYYK QB?=K h F CPA_H�? h F A\H LORPR h Y5HJE�LONDC3KBE�LkYJLkF�LjL]YO\LkF>GÉEBNDYYLDY5K�QB?7K h F ( < KeuD� h YjRPR+CPADC+Y5KBAoY hh ?BNIA�wyFBCPR+G·LkF>G{GHRPG h LDNDY5K �´E�YOCIKML b RPC , GO�4Q�GHLYH C+ALkNDL-JjGHR+RPC3KBE·LkF>NDYj?BEOF�LDFBGuEBNDYjLkY5KtQB?7K h F (�6 FBGHNIG\�YjNIGOS JjGN9LDGdD E
YjADC»LkCPYYK CPAs\�?BR+R+Z h YjNINDGR|LjLDGH=wyFBGNDG§LDFBGoCIKMLkGNkL h LkCIK>EcEBNIYYLkYYK CPAyR+Y h LjLkG= C3K[LDFBG%Q>?7K h F ( ��YjNyGdD>LYHJEBRPGMSvC+\1LDFBG{EBNDYYLDY5K C+ARPY h L^LkGH= L^L ��cO� h H \�NIY5H LDFBG h GeKMLkNDGoYO\ LkF>GoQ>?7K h FuS�C3K�LDGHNDL h LDCPY5K{Y hHh ?BNDAWLjL�v 8 ��*x& h HLYKB={EOGGKBGNkLjLDGH=[E�LON9LDC h RPGHAiLONDNIC+JOG�LjLy�4� <s� G-LONIRPC+GHNiQ.Z * KBAyLYKB= C+\fC»L C+A 0KcO� h H \�NIY5H LDFBGh GeKMLkNDGMS7LkFBG;EBLON9LDC h R+GHAiLONDNIC+JjGKR|LjLDGHNiQ.Z * K>A (W� /WYYLkG�LDF�LjL wlG�NDGE.LONI=�LkFBGsJOGHRPY h C»LzZ[YM\�Q
G-LjHLOAhLDFBGsA9E�GGH= YO\fRPC+EjFML � (�r K�LkF>CPAlwiL-ZjS>wlG h LjK , K>Yxw LDFBGKJjGN9LDGdD E
YjADC»LkC+Y5KX\�NIY5H LkFBG��4� <K�

LkC3H C3KBE (w G�GdDAEBR|LMCIK�LkF>CPA�HXGeLkF>Y)={FBGNDG (x6 F>GyLDCIHXCIKBE%YO\4G-L h F �4� <s� h GHR+RuCPA�Lk?7KBG= AI? h F LkF�LjL�LDFBGE�LON½LkC h RPGA h Y5HXGW\�NIY5H LDFBG¨K>Y5H C3K�LOR�C3K�LDGHNDL h LDCPY5KuE
YjCIKML �IK 8 �.� CPA�sHGNDY ($6 F>GKGdDAE
G h LkGH= h GHR+RLkC3H C3KBE�YO\��4� <s� Szy �|{'� � S�C+A�NDGR|LjLDGH={wyC3LDF K]} ��� LOA�\�YjRPR+YxwyA�~
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 $�'&)( �)*x�
wyFBGNDG � U � {'� � $ T �|{'� � $-K � {��n� � CPATLDFBG�E
YjADC»LkC+Y5K YO\ h GHRPR ( � C+ATLkF>G�JjGRPY h C3LzZ YO\`RPC+EjFML-S�LYKB= K	� 6 � � C+ALkF>G�KBY5HXCIK�LOR K E�YjAIC3LDCPY5K LjKB=tFBGGK h G K	� 6 � � 8 �)( w C3LDF�LkFBC+A�NDGR|LjLDCPY5KuS K]} ��� C+A;H GHLOAD?BNIGH=\�NDYYH GHL h F��4� <s� h GRPR � S K � {��n� �} ���@(`6 FBG Kxb JjGN9LDGdD v� ! 	��} ��� CPAoYjQ=LkLOCIKBG= wyC»LkF�LDFBG wlGHC+EjFMLkGH=AD?=H9LOA�\�YjRPR+Y wyA]~

v � ! 	��} ��� 8�� ����	�� K � {��n�
�

} ���� � �� �� : �'&)(A� �j�
n*���
24��� ��5 ��� ��� ��7 � K .��/����� h��)���/� ��7 �cn��*� ��� � ��7 �`m�n p:r . �� � ����(

6 FBG h LMRPCPQ>NkLjLDCPY5KX\�YjN�v�� ! 	��} ��� wiLOA�=BY5K>GswyC3LkF{NIG-LORl/s� 1 r43 GJOGGKMLkA (�6 FBG�NIGHADYORP?=LDCPY5K@C+A\�Yj?7K>=SLkY Q�G ;>:! h H (�6 F>G�G#" h CPGGK h Z LYKB= NIGHAIYjRP?=LDCPY5KVYO\�JjGHN½LkGÁD�HXG-LOAI?BNDG= Q.Z � 6 1 LYKB=�4� <s� LkCIHXCIK>E C3K ��� 1 r43 ADLYHcE>RPG{LONIG@ADF>YxwQK CIK ��CPEj?>NDG (d&)(a* LOA�\�?7K h LkC+Y5K�YO\WF�LO=>NDY5KBC hLYKBEORPG�NDG h Y5K>A9LkNI? h LDGH= Q.Z�LDFBGyKBY5HXCIK�LMR JjGN9LkGÁD�Sv}�~ (_r KVQ�YjLkFVYO\�G$" h CPGeK h ZVLjKB= NIGHAIYjRP?=LDCPY5K S�4� <s� LkC3H C3KBE JjGHN½LkGÁDtEjGeLKQ�GdL\LDGHNTLDF�LYKt� 6 1 JjGN9LDGdD C3K RPY w }�~ (sr KSLkFBC+AsLYK�LMR+Z�ADC+AHS � 6 1JjGN9LDGdD�C+A%NIGH^�?BC+NDGH=�LDY GJOGGKMLkA�wyC»LkF�LDFBG@NIGHEjC+Y5K }�~&% �>:nm�� h LORPR+GH= FBCPEjF b }�~�G5JjGGKML � S`LYKB=�4� <s� LDCIHXCIKBEKJOGHN½LkGdD C3KJLDFBG]NIGHEjC+Y5K }�~ � �>:nm@� h LOR+RPGH=�R+Yxw b }�~ � ( ����1 r43 GJOGGKML�ADGRPG h LkC+Y5KCPA�C3HcE>RPGGHXGGKMLDGH={ADGeE�LONDLjLkGR+Z@\�YjN�F>CPEjF b }�~yLYKB=VRPY w b }�~ (
gG�����8��h � ��5 ����|&�i ������� ���(' n

6 FBG�JjGN9LkGÁD�=BC+A9LkNICPQB?ALkCPYYK�YO\ LkF>G�NDG-LMR>=�LjLkL()�? h Lk?�LjLDGHA_ND?=KXQ.Z�ND?7K�NDG$)�G h LkC3KBE�LkFBG�Q
G-LjH=BNIC+\ L]YO\CLkFBG b B J < YYE�GNkLjLDCPY5K (]r L�CPA]CIHJE�YON9L LjK�LQLDY{?BADG�LDFBG�ADLYH G�=BCPA½LkNDC+QB?=LDCPY5K \�YjN8. �CIK YjND=>GHN§LDY ?BAIG:. � AkLjHcEBR+GHA�\�YjN�L hHh GeE=L LjK h G h YjNDNIG h LkCPYYK (^6 F>G[JjGN9LkGÁD�=BC+A9LDNDCPQ>?=LkC+Y5K C+AHXG-LOAI?BNDG= wyC3LDF /K�51 r43 G5JjGGKMLDA (x6 FBG¨LzwlY�E
YjR|LONICPADLjLkC+Y5K =�LjLkLoF�L-JOGK=BCCB GNDGGKML�v =BC+A9LkNICPQB? bLkC+Y5KtLOA�AIFBY wQK C3K ��CPEj?BNIG &)( �)( 6 F>G . � GJOGGKMLkAoCPA�NIG b wiGCPEjFMLkG= =>C B�GHNDGeKMLkR+Z \�YjNTLDFBG�LzwiYE
YjR|LONICPADLjLkC+Y5K[=�L^L L AkLYHJEBR+G�LkYuH[L^L h F LkY�LkFBGyHXG-LOAI?BNDG= =>CPA9LDNDC+QB?=LkC+Y5K (
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��C+Ej?BNDG &)(a* ~�B�" h C+GGK h Z � LDY5E � LYK>= NDGHAIYjRP?ALkCPYYK � Q
YYL\LDY5H � YO\�� 6 1 LYKB= �4� <s� LkCIHXCIK>EJjGN9LDC h GAi=BGdLkGN\HXCIKBG= wyC3LDF:. � ADLYHJEBRPGWLONIG]AIFBY wQK ( 1sYYLkA`LYKB= AD^�?�LONIGHA =>GGKBYYLDGHA`\�YjN � 6 1LYKB= �4� <s� LDCIHXCIKBE%JjGHN½LkGÁD SvNIGHA\E
G h LkCaJjGHRaZ (
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P=+32.6 % :
mean=0.73

P=-40.2 % :
mean=0.04

��C+Ej?BNDG &)( � ~�v JjGN9LDGdD =>CPA9LDNDC+QB?=LkC+Y5KoYO\'/s� NIG-LOR�=�LjLkLsLjL 2 8 ��c �):HG�F LYK>= 2 8 0Wm.�>: ��F ~h R+YjADG= h CPN h RPGAyLONDGs\�YONW=BLjL L 2 8 ��c �): GXF LjKB= A½L LONIAWLONDGs\�YjN 2 8 0]mj�>:A� F
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r K�LkFBC+A h F�LYE=LDGHNS5LkFBG�AIGHRPG h LDCPY5K�E>NDY h GH=>?BNDGAlLMNDG G��=E>R|LOC3KBGH= (�6 FBG�HXYjA9Lp=>CPA9LDCIKBEO?BCPAIF�LOQBR+GADC+E5K�LjLD?BNDGXYO\�LkFBG@��� GJjGeKML CPA%L RPLONDEjGuHXCPAIADCIK>E LDNkLYK>AIJjGNDAIG�H YYH GeK�LD?7H �'2 e)g � ����� � \�NDYYHLkF>GXGA h LYEBCIK>E[K>GH?=LDNDCIK>Y (X3 CIK h G @ � D 2 �e�g � ����� SfRPY wlGHN 2fe�g � ����� LDFBNDGADFBYORP=�CPA�=BGADCPNDLOQBR+G�LkYHXG-LOAI?BNDGowyCP=BGN @ � LYKB= T{NIGHEjC+Y5K (�b Y wlGJOGHNHS Q.ZVRPY wlGHNICIKBEJLkFBG 2fe�g � ����� LkFBNIGHADF>YjRP=uSFH LYK.ZKBY5K b u��)� E>NDY h GHAIA@LYK>= KBY5K b u��)� Q�L h-, EONDYj?7K>=BA{LONIG h YYK�LkLOCIK>GH= ( �iY5HJEBRPC h LjLDGH= NDG��IG h LDCPY5KLOR+EjYjNDC»LkF7HXA LMNDG�LkF>GGK�K>GHGH=>GH=SLDY \�?BN9LDFBGHNyAD?=E7EBNDGADA_LkFBGADGoQ�L h-, EjNDYO?7KB=BA (
 N�! " Rx\$#%# Q8R R�Q'&:[Z\ R$Q)( Q8W S
*,+.-/+.- 02143 57698:6<;>=@?:ACB� � 6 C+A���NIGH=�wyC»LkF 2 � � ee)g � ����� HXG-LMAD?BNIGH= Q.Z � <K� � � 6 LYK>=�wyC3LDF LO=B=BC»LkC+Y5K�LOR.NIGH^�?BCPNIGGHXGGKMLYO\]� 6 1 LDNkL h-, A ( 2 � � ee�g � ����� C+A§HXCPAIADC3KBESLDNkLYKBA�JjGNDADGÉHXY5HXGGKMLk?=H h LOR h ?BR|L^LkGH=�wyC3LDF�LORPRl� <K�h GRPR+AiwyC3LDF L�F�LOND=)w LONIGyEBNDY h GADADYON�CIKV� <s� � � 6�( ��� h LYKB=BC+=�LjLkGA�LONIG�NDGH^�?BC+NDG= LDY AkLjLDCPA�\ ZLjLyR+G-LOA½LyY5KBG�YO\ÄLkFBG�\�YjR+RPY wyA � AIRPYYL Gj�.� ~

ADR+YYL Gj� ~
*j: 2 � � ee�g � �����ED &%F G$G LYKB= / � � ee D &HF GIG LjKB=KJML 6 6ONQP��SRUT � � e D *LjKB= 6 C+EjFML 6 NkL h-, G_GdLkY $ �|G>(a*x�
�): 2 � � ee�g � �����ED ,VF G$G LYKB=WJ � � e�SRUT D * LYKB= 6 CPEjFML 6 NDL h-, G_GeLkY $ �|G>( �j�
c>: 2 � � ee�g � �����ED *O*XF G$G LYKB= / � � e�ZY@[ � ��\ D * �%F GIGLjKB= 6 C+EjFML 6 NkL h-, G_GdLkY $ �|G>( c.�

wyF>GHNDGuLkF>G / � � ee C+A�LkYYLkLOR¼LkNDLYKBA�JjGHNIADG GGKBGNDEOZ�GI� h RP?B=BC3KBE LzwiYVNDC3KBEjA�YO\hLDFBG h LOR+YjNDC3H GdLkGN
m G



� ��� � 	���������� ����X��� !�x"`����	 m  

��CPEj?>NDG G>(a* ~`� 6 1XLDNkL h-,[h R|LMADADCa� h L^LkCPYYK LjL]� � 6 RPG5JjGHR

h GRPR+A h RPYjAIGHA½L§LDY[LDFBG[�4� <K� Q�GHLYH EBCIE
G ( J � � eL 6 6ONQP��SRUT LYKB= J � � e�SRUT =BGGK>YYLkGuLkFBGJK�?7H�Q
GHNIA�YO\� 6 1®LDNkL h-, A]wyF>C h F h Y5HXG�\�NIY5H�LkF>G§KBYYH C3K�LORuC3K�LDGHNDL h LDCPY5K E
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@ � % &O�%F GIG � CIKBA½LkG-LM= YO\ @ � % �M�j�%F GIG : �|G>(+* &j�
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GHN�YO\ LDNkL h-, A� J e ��� � LYK>=SK�?7H�Q
GHNyYO\�EjY�Y)=�LDNkL h-, A � J L 6�6ONe ��� � LOA
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*j: 2fe�g � ����� � cj�%F G$G $ �|G>(A�Mc.�
�): �'/10!2 A � �76�� % cO�VF G$G $ �|G>(A� m��c>: / { % mVF G$G $ �|G>(A�O&j�mB: / � 6 � { 0�/ { � &VF G$G $ �|G>(A� G.�&): 2 �SRUT{

� / { % �>: �j&)$%� Ca\ *x& � � � { � * GMm � � �|G>(A�  j�
G>: / {e % �HF GIG $�� C+\ � { % * GOm � � �|G>(A�M,.�
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