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Abstract: A beam position monitoring system has been 
designed for the 820 GeV HERA proton storage ring 
accelerator. There will he 2h pick ups of the 
directional coupler type in the "warm" sections flf 
-he ring [l]. Tiie mechanical, electrical and vacuum 
I)ropcr-ties of each must he measured. These measure- 
rnen t 5 ensure good quality and form the basis for 
&~:c~rminat.ior: of the beam orbit position relative to 
:he corresponding quadrupole axis. The results of 
: hr::c, ria:;‘iremnntn are described. 

Introduction 

HFRA, now under construction at DESY in Hamburg, 
i:; a prior of storage rings in which 820 GeV protcns 

wi II toll i tie against 30 GeV electrons. The proton 

hll->r:hia: will xtrtein between 10 9 arid :O 11 part1z:es. 
Thea tu~!rht~s will be between 0.3 and 2.7 m long. Up to 
710 suc.11 buncks will be placed in 2:?0 equispaced RF 
!~l~ckats. The r-equired accilracy is considerably better 
t !inn 1 mro r‘ms [2] relative to the quadrupole axis. 

1-h I :; :;h~tll be ach;eved with a directional coupler 
;~o:;it i:-)n monitoring system. The read out. is done with 
ttv: rmxrh<xi of ,arn?l itude ratio to phase difference 
:onvt'r:;ion 1.31. The position will be digitized with 
in e;ght. hit flash ADC. The position and the average 
i II:: it i/Jtl, i .ti. the orblt:, will be stored LooaLLy for 
th:2 hsi. lo.!4 md 256 turns [ 41 . 

in HZRA the arcs and straight sections are made 
qtjit P difi‘<!rv:lt ly: the arcs are totally eq;iippcd with 
:~u~i'rcoliductlng magnets and are cperated accordingly 
,?I CK temperature, while the st.raight sections are 
:!I rcxm Lemperature and will be baked out occasional- 
1 :i i II sit11 at 3000$. There '11-p 270 directional 

Kepler ~aic'< :~ps in t.t.c xc Ii, 61. 'They measure only 
i',Ilf' transverse directicn <?a(:', and will not be 
rcr>n>i I dered further in thj.:; paper. In the straight. 
:ser ior;:; thtrf: i:; r< total of :?C, bidirectional pick 
r!ps 11:. 

'!'il,, p!": ! t. 1'>1, mr! i tars n re used tar t hW(? 
iii! f- ,~re-~t p~.rpos~~:;: tl, measure the orbit relative to 
thP ~narlrupole axis, 1.c he1.p the fine steering so 
t hat the electrons and protons actl;ally collide in 
the interaction :xones [ 7) and for special applica- 
t ions a s t ur:e measurement ana radial/phase loop 
illput. For the first purpose a pick up is placed next 
to each quadrupole group, i.e. two pick ups on each 
s; ide c,f one of '.he three interaction zones and seven 
pick ups in the machIne destined straight section 
west. Al I those are of the standard type PMAU 
(?osiC Lt'r, biun i i.or &i!Ren" ihrt:t-") except the six onei; - 
next kc the interaction regions. Eere the PMIn 
(~osilticn $niI.or I;nne:) , ii special development fcr 
the extremely I-:m.i.ed space next to the electron 
proton ring separation, is used. All those position 
monit<>r:: are directly Eixed to the next quadrup0I.e by 
means of n very solid stand. Tne three special 
pl~rpose pick ups are all of the PMAU type and Located 
close 1.0 tne quadrupoles on the right side of the 
straight section West. They are only supported by 
standard vacuum chamber holds. The pick ups for the 
nonitoring of the ep collisions are all individually 
designed. There are two for the experiment H: (PMHr & 
PMHl gosition Monitor Hl right/left), one for the -- 
straight section east (PMAO Position Monitor Type 5 
for Osten"=east") and one for ZEUS (PMZr Position 
Monigr &ecs right). Ali are situated in the common 
eP V.3CUWll chamber ar.d are able to detect both 
electron and proton beams with the same plates using 

the directivity and different passage tines. No 
special care is taken here for an absolute and 
reproducible position measurement since o&y the 
proton and electron beam difference in position is 
important. All warm pick-ups are designed in such a 
way that. their electrical properties should be 

similar to the majority of the pick ups, i.e. the 
cold ones in the arc. The signal levels are kept 
similar by giving the plates the same opening angl.e 
of 360, the frequency response is kept similar by 
choosing the same electrode length (395 mm). Only the 
position sensitivity could not be kept similar. It is 
mainly given by the allowed aperture. 

A round geometry was chosen wherever possible 
(see fig. I). Only the ZEUS pick up PMZr had to bc 
square. 

Fig. 1 a - Pick ups PMAu, PMIn and PMZr. 
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A listing of the basic properies of the pick ups 
can be four-d in table 1. As opposed to ttx cold 
pick ups no ,co~:prr coat iny of Ihcx in:;id~ :)f t111! pipe:; 
was necessary. 

Tab-c 1 Overview of warm pick ups 

Ty~x’ Numt:t~~ h** I,engt-:h Anter:na Fee+ 
needed, 

Ri* 
SUFpOrt t hi-OUqh 

[ mn ] b.1 i 1 1. [ nlrr1~ [ nun] 

ISELK i ilO.‘i b . ‘3 6OC spr I r:q N Lapered 
PMkU 

!‘tiAul j lh/lR .40.9 h 9 6012 spr inq N stxldard 
monitor 

PMIll i / I j 1 ‘I i, 6. 1 6 (10 ccrzrlic SMA extrentc 
slendsr 

PMHI 1 40.9 6.9 600 spring St&” in bulge 
of Hi 
beampipc 

PMHr 1 02.2 12.5 700 spl-ing N similar 

PMAO 

Plmr 1 ‘14. 3 ‘3 c b is 3 ceramic N square 
adjustable: b .I! ye of 

ZEUS 
beamp ipe 

* pick up aperture (raslus) 
** di::tar!cta bczt.ween nntenrn and pick up p:r,-r 

General Properties 

Each pick up ~~3s visual 1.y inspected first . Th? 
big PMFr pick up was ba?ry Packilgcd and th:, l.wi: 
opposing n;trnniis tort? their sprinq :;‘Jspclls ion:: 
totally rIpart. AL1 other w.,: d:; WI,,-c of :xf f ic ic‘111 
quality and no ceramic fccdt-hrcugh ~3:; broken. Al 1 
ant Er;l,i.,:i w<!r<’ piI- ! 1 i’ 1 ’ (1 t !I<~ 1’ ,p“::, 'l'herv W-1,‘E iii) 

frr:g~~rprin:; or uily ::myll:;. ~llrbrrx wi!r<: 110 kink>: 07 
scrat chc::: ,I, 11\<~ cut ! i nq <‘Q i? :: of the conf lei 
i I z.n~,er; No i,t her dcf ic icricy was iou:ld e: thei-. 

NC.Ci the basic rrmh?nical propert.ies WerP 
measured. ‘The lenqth and pipe dieunct EL-S WQI^~ within 
t.01erance.5. ‘?h.e fix:ge alignment- wc’rc ~$1~ r:i:r%vkvd I>y 
rotntirq t.hm? pick ~~8s in two parallel prisx. 

The rcq~i red VRCLUR, prcyx~rt. irr; ( ! (.‘ak riit <’ I 

1O-y Tot-r. 1 /L;, atx+~rpi ion z-ii, c < 3. : :)-12Tor.r* l/s *cm”) 
co\1 1 d br. rciichcid ;jf‘t er ii bakecuut at :iOU”(:. This wiis 
done a: the campany which buj It -.he pick up and was 
rnpc?atr?d at DESY after t-he compl et-inn of all 
mechanical and electrical measurf?iTents. For the 
twelve moni tars ir: the srraight: sections of the thr-ep 
interact lc:n zones a special high t err,psreture vxuum 
an11eal ing was r.ecessary to gi-t rid of tne remnant 
hydrogen gas. This was done at CEKN for- ali major 
metal parts of the PMAu and PMIn pick ups. 

'The basic electrical test consist-s in searching 
for R short circuit between the antenna and the pick 
up body. E‘or all spring suppnrts t-his was no problen. 
For the %I~113 pick up we had a lot of trouble with tht! 
copper lr:;~f conni!c!.ior~ screwed t,. t h<; fecdthrough and 
antenna. It tended to bend against the piFf when we 
had to adjust the antenna to an unexpectedly close 
pot; ition tc Li:e monilor body. So we cut. it shorter 
tz1t WC weI-< st ill 1-ryiI\y ?o kcxp as much length as 

1) The Prot.,JType of the PMAu [ 1 ] in a stripped down 
ant ema support verslm (just screwed) is us?d 
successfully in the proton bypass of PETRA II for 
the tune measurement and the radial loop. 

possible for anter.na movements. Two of the PMin pick 
up!; had the problem that. ths antrnna slid on t.h~a 
::erxn~c all :he way t::a i.h~ support ring ad+ter. II 
was not possible to get a fixed fitting between 
ceramic and steel on one side. Tn the trial to keep 
the free hanging ceramic pin length as short as 

possible the critical adapters were individually 
shortered. We tried not. to perform shock tests with 
the ceramic adapters, bllt. nnc’ of the FMTn’s fell from 
4 tic~iqtit or r.r!*rly il 111l!i (‘1’ to t lli’ I i:xIIr~.lr-l i'103:-, 

with major dan,ago of the ceramics. All ceramic parts 
except. the feed1 hrouglu; wert’ then exchanged. ‘The 
eiectrical connrtc~.ion of the PMLn gllced alitenna ends 
is made by gilded springs to ensure good contact all 
the t imr?. In a to:;t no vac~~um weldinq of the springs 
at, 300°C and extremely cican vxuum conditions were 
founrz. 

Prototypes of- the big :;pr r r12 supports for the 
ar1termas were individually +;ested by moving them 
continuously bazk and forth. The first. spring broke 
after more thar. 30000 and the second spring of the 
sxmz adapter after more than 740000 movements. We 
pi:rformod nc extra test on a prctotype of the tiny 
spring support. to the SMA leedthroughs for the PMHl. 
Pi1 antenna spring support:; were visually inspected 
for go00 welds; before t+y werP finally welded 
together with the antennas inside the pipes. 

Tke wave impedances bet wee,> antenna and pip<’ 
of all pick up:; were measured in t ht: fat-l.ory. Ti. ‘~a:, 
found that the revired distances h previously 
measured with much shorter models tended to be all 
c?verestimated. The adjustable antenna adapter for- the 
PMZr had to i:r redesiqned and the HI pick i;ps now 
have. 2 rattol- higii ~R~JP imped3rxi, I,f sb:aut 53 II 
instead of 5C R. For the standard rronitor PMAu end 
iI]< clectricc:LLy equivalent l?mO tie co” id get 
Excr?llerit results for the wave impedance, EUVSly 
(\C.“I + 0.‘/4) a, <ill th(z viilu~~~ i:i,inq hctwcon 48.5 Q 
3nd Ll? 2 62 Tlri:r i :: dll<~ lo t hP r-t,ldt ivvly lairgv 
~crii.:; of- I’-’ pick up:;. ‘I%<% PM1 :1 p,r:k i;pr: hxd a w:~v<~ 
irnpYtar:cc- <iI :‘~‘a. I + 1.5) :: Ii. d r-dllqc’ i:f 41,.11 i:, 
.51.(, II wiThout ?311y pos.;ir:!l .ty o! <1:: )il:;t lng wll..?r: 1 ht 
pr.1; t;?z twin huil:. ‘I’hr :i~:ll.; >:,.:k 11; i!, :id.]u:;ic~~ I 1 
r i L il:I,a c-l>n:;t<arl’ . i irnyed,-t~ic:~~ m:itl ittic, ibi!t.irr tinten:iii 
F,rlt this pick up has r<,latively lclrge reflectior 
:ri1/.1 ! I< if-111 (/ il’ :hra iir~: c.2-1h3 .;o::JJt-rt. -able ti-ans i t iilri 
01’ ilF> to l.:? wit}! 7 YiIlM ot 0.1 n:;. AL the re<IdCut 

frcquc?r.cy i-i! 104Mllz t II i:: :;hixild ~1 t>r R priik>lvm. 

I'~~itinn :Sr:~sit ivia 

A go& ruzasure for the beam pxition is the 
I-atlrl nf the ci J t y il t vl>ltaqPi; of I wn oppos i t 5 
mtemas. Fcr a wide range of- valves it. is indepen- 
drr:t. of hunch shape, selrctcd measuring frequency and 

r:urntwr- cl- prc,t cn:i i :I I hia burrrh. Of' prime, importoncc 

I:: the position scrxitivity at the required orb it., 
w11 i r:t r;houl d co in<: idi, 1~1r <ill mi)ni!ors except t hr 
%El:S <>,I<: w 1 t ii 1 trv r:c.nt r-c’ of t Ii<> J’ i c:k l+. T:i t hey XFl19 

mclr;il or t ho beam should pas:; at 13 nrn?:; distance? from 
the centre t 0 a ; I i>w ext ri3 SpC:“ iOr synchr(,t.ron 
r<idiation without using more space of the detector 
accepl ancf? than absolute1 y nczzcss;lry ‘I’te sens it. iv it y 
~1~ th? rcquirrd orbit will be cs: ltzd rnocitor constant 

in this paper. It js necessary tn know it in order to 
steel. the beam quick1.y by sn iteral ivt prncess on the 
required crolt as well cls to estimate the amount of 
orhit deviarions. 

The mrasurcm”nt of tlir, po!: i t i(.x] !,c?n:;il ivlty 'viii:: 

done by a special machine which moved a wire of- 1 1211 
diameter inside tt)e pjck ul:::. The wiry? was on:y “21-y 
roughly matched to the 50 Q inpzt cable impedance and 
was only roughly t.rrminat ed in ii L; own impedance. For 
I he PYHl and PM:lr, which will be welded directly 1~ 
the beampipe of the e-xperiments, it was not ever. 

possible to solidly connect. one end of the pick up 
with the measuring machine. The grounding was still 
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::ilff ii.ie.)t , which was c):wked with t.he PMIn arid PMAu 
pick cp:; ‘I’nt? CFII:.I‘R of the pick i;p and the zero 
p”ir.1 :,i : h:. mc~a:;urc?mc,:>t mii:t1 i I,” are aligned to 
bP’ ter- t?lil:l .a I/_: 11 irnel FT. The centrc wire was excited 
wit l-r 103 ?I117 and the olltput volt.age of the opposing 
J’i,it G::: Wa!; n?;i:;llri~:! with 8 spwt r,m malysc~r. 

A rnwimrxr; of 97 equispaced points were measured 
hP1Wi’iY m’:ti pir 01’ plat-es in the range i 25 mm, or 
lc~;i: 1 f t-h,, r-vxiitc?l- gec’metry did not al low for it 
Tlit’ si,:, co t IlC ~xltpul. vol t.ag’“i; ShOLild he nearly 
ci,nst ;3:1t r~:.~<~,~~‘t IfCll. ii viiy small luzidl-iitic c,:ntribl;- 
t.,c:>,l ‘1 h.; pit;! ci-irxec. n qnick chr,ck for a groandir.g 
prol;l “T, is visry ccmrron cvj 1 III ihis type vf r~asurc- 
Imi’llt 1% lilr~~l:‘li~~ivi $01 t liL,Ji L-lit liJri i\‘e~-e f ‘t-ted in tl:~: 
cc~lltr-di 1c :wn ot the monitor- to a L:ne, d: rect.ly 
c, :: 1 ,,(j t Ii<, ,i,ii,,i 1 i:r (.i:nst ilIlt 11cvi,.lt i(.)ni: of- t.hr ent 12-e 
,ii~‘;i::111’1’11’(?li~ 5: f 1. ,ili t h-i liW helped t ^’ identify 
:-II:.: h.zr- ~‘.XII? I f’n,.; o:, iill LI!~ Iv.idL;n 1 mc~xurement , 1 .e. 
izlii ~7 t.(u?liG i~rq, kkid r.,+t> I <’ <‘OIII1EC t- loni;, insufficient 
a 1 ig n&nr and :: t c-tp m<>: or tripping. The monitor 
<‘<Ill??- illit 11,(‘d!;,31.[.rnc:rlt :; of the pick I)‘:; of i! single 
1 yp“ ;igrccd vtbr\, ~~11 , :o WC I cjkr lhC average val.ues 
ti’,’ ‘Iii, li:;fz ill -lick r i nq ( se< tab1 P 2 ) As opposed to 
1 I<’ iWill i 0 “I’ I I! t II<, ril-c!; ii1 I warn monitors were 
mc dL-il nxl 

‘T’?.i)l t> .’ I:l~r; rical Pro;:cri 1~‘:: :,f I hta Pick Ups 

‘i X7’ 1 ) c 1 Mi,rl j t rlr ccir st~1r.t 
1 3ri/i-tm J 

l’Mii0, i’MA\1 0 .c 7 3 + c c .1 c 

l’M1 :I 0.3%~ + 3.Clt; 

I’MH 1 i) I0 4 U.UL 

PMII1- 0.35 I 3.31 

w:ir 0. iY + 3.:11 

Al! f’“:“. “1 : <ll’L’ lrr~c~ic tcz htttsr. :1ia11 :,.L~ ; i:i i11~~ 
I.i-,l,\.l-liI 3 I:’ nllil ri.qi0n. 

Ilt I t’17 I hit LOII 01 tIlfm. Ilixol ut i? lioai~, Pi3 it ior. -----.--.. - .___ ,.____... 

‘I’lli t,s:I: vi II:: c:rhl I. ::wa::urement is t-h? most 
Pidi: 1,r;it 5’ Ol,!7. n, prm: i :i.ion 0:’ cons i derab I y better 
i!..iil I 1::111 [ :‘I ,-t’l,lt I‘“,<’ t 0 hP r:c,xl. Ljil3drupol e L;ro”Eh 
1 :; r-wJl1 i rrd. ‘Thi:; ml 1:; Ic:r i+ caref.al design and 
r,il ,trrat il:i> of ihe pick upi; a:: well a:; s~rveyinq t-he 
_I’.j Xi! -‘a III it t.31. px-‘i t il.01 in t lie ring. I’!><~ pick up:- ior 
fJrl>,t rwnsilrement 1WAmu and PMIn at-e iii 1 individually 
nv~~~:;~~rv-l lor their electrica. crsntw rt:l;-t ivn 1~) 
f ‘1%’ : I’ rT~:::ticirll I3L ‘:ent 1-e in hoi-izi>rit.al positiw ( r;<!l: 
fiq. 2). 

PRtiClSlON 
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'\, 
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. .._ 
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Fiq. ! :kal. ‘q> f’or measuring the electrical centre 
of P!GU and PMIn pick ups with a short.ed 
pr~xi~sron rod 

The mechanical. centrp of the pick ups is defined 
by a precise diameter on both ends of the pipe. we 
measured for the standard pick up PMAu 116.396 _. 
115.521 mm and for the slender pick up PMIn 94.978 _. 
95.000 mm. To get. the electrical centre relative tc 
the mechanical c:cnt.re i, steel rod of 43 rvr diiin:t?ter, 
and 3 2 ll,m diameter respectively, i :i cent~rally 
in!;er:.ed into the p.ick ‘Ip ‘The vo I t a,q<’ ratio is 
measured oath for the ~~!rma.l ant cnlla position and in 
ti p<>!;il. ion wit.h the upper (lower) ant enni+ down (up) . 
IIer(? oiin ci,:, di:Zuce simult.ancou~;ly 1 t,v i,lec: rical 
mor.itor cer1t.x and the q.~~lit.y of tht. ::et ~1). Since 
I he rods have co be so big in 31 amct vr ~3% t F) p!-even+ 
thm from hangint~ tu:J far d.:xqr., f(,r ;:II~ 01f;et po:;i- 
t i:ni there are significant compensat.ii>n currer:ts on 
t hi i I- :;,.I-I iiw. ii’his moans t 1li.t t ht-i lmvt~ ii m/xii t civ- 
: on::1 ant diftcareri: from the one of the Il(wm. This 
:ri,n:;t ililt was f:ound by lifting t he f>r ism:; and 
t hr rid i 1 %rlti~~f f hy o-le <Grid nlsz tw<, 1 mm par-ii1 lcl 
p13t es. For ttw PMAU a value of (0.905 + 0.02) &+/mm 
sr1.3 for the PMTri ? vallle of (1.46 + 0.03) ciR,/mrr. WE>S 
fMrl:!. II!; in4 t 11i~:ie nutiers the accuracy 3f ! lita :;ryt.up 
was fiund to bc letter than 0. I mm. Th<? Pl t>rt 1-i co ! 
,-:c;nt r~:: i:re iii:;1 r-ibuted ir thp following way: 

PM&U PMlR 
ce~ntr~~ po:;il i011 0.18 i 0.48 0.10 nrrr f 0.43 nuTi 
with the reng~ - 1 . 1.6 - 0.25 . 0.72 n-m. 

Thi L: mean:; an i nd ividuai correct :on is necessary arid 
to a sufficient accuracy possible. Taking the survey- 
ing accuracy, cable reflections and analogue electru- 
nits also into account, an r.m.s. accuracy of bett.er 

.: 
than half of a millimeter seems to be 
beam of sufficient intensity. The qua1 
r . In. s orbit deviation measurement 
de:ermined by the cold pick ups in I 
cannot be surveyed directly. 

feasible for a 
ity of the HERA 
will then be 

he arcs. w!lich t.: 

for performin 
the support I” 

Duensing and 
K.-ii. Kel! for 
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