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Abstract

The muon's anomamengt 2)nasgnoentei co f t he most
measurement in elementary particle physics.
bet ween the measurement andPAR€E msewnmaom mo
2l EDM ( E34) ex perT ey iide ap (yoiogRemaealstwr est or e
pol arized muon beam in a magnetic field an:
vector.a Ivrerg34 ow -emi dt moore bet&cmhmaoim 300N MeV
accelerator wilMRpbpelbédakbdmagnaemPadicdBEMmet er

or biA newly developed spiral Il njection sche
with smallAsdemamgst mnatbidn experi ment to pro
proposed scheme is inevitable. Therefore, a
(SIDE)the use of edecelropmbdbrtamat sKEKdOERITUKkuUD
first sS&ad& gesaloofletect a DC el ectrmon beam
as fluorescogmats leixght afti@om Ml ong the el ectro

goal is to store the pulsed electron beam f

I n the ©Obfr St TEtadP&€ 80 keV el ectron beam |

designed and devel oped. The electron beam
commi ssioned and confirmed at sever al | ocC ¢
monitors. Fori drurdfherhe nytesai glat beam | ine,
CS-PS. Meanwhil e, a solenoidal type storage
beam into 24 c¢cm diameter orbit. Si mul ati on

studies hasutbeieBSC&T nj edt ioon of the electr
chamber has been performed with several di

condition for i njection of the electron be



study. Manyalaostoh enra veef fboeretns made f or the succe
beam from the straight beam |ine into the s
successfully injected from straight beam |

using FS nkEdreicttorosn beam of 80 keV im &ahe st

noinnt er ce@tsi fd uwaye,scent | inghtropaerealt ongegXxlce dr

~—+

rack usc¢camera.CCBowever, we found one major
of the ghetadhpeamawas vertically defocused
observed. Twi ss parameters at the injectio
vertical defocusing of the beam.

For the first stage of SITEséxpeérnyi mendt a@loa:
observe el ectron beam as fluorescent | ight
out that what iIis needed to be done in order
For the second stagehopp8rFrTEysaemehast been
and fabricated to produce a pulsed electron
describe the achievements of the first stag

stage.



Tabl e of Content s

) o TS T A - U o PSPPI Lo
Li st Of i Fiig .S smmmeeeene V|
Li st oOf  dab e S e X1 i
AC KN O WINELASG.IMLE....ciiiieiiiiieeee e e e e e e e e anens X1 v
O T T S G o o O O o Y o N o SRS 1

2Thr-Pemensi onal Spi ral..l.nj.ec.t..an..Sddheme
2.1 The Basic Concept ..0f..Muoaon.l.nj.éction S
2.2 Spiral Il njection Test Expedr..mént (SIT

2.3 Experiment.al..Set.up..aof..SLTE....J7
2. 3.1 El @C il Gl 10
2. 3. ermiohmi c....EMIi..S. S 0...0 0 e 11

2.3.1.2 Simul at.i.o.n..of...El.ect.r.on.1@un

2.3.1.3 Twi.s.s....Rar.amet.er.S. ... 15
2.23 . Magnetii.C ..l S, 17
2.3.3 Main Di.pol.e..Magneit. ... 19

2.3.4 Different.u.al...Ma.c.uum..Sy.s.t.e.n23

2.3.5 Particle Tracking-P&f....St.r.a.i2gdht Bean

2. 3.6 Stor.age..Magn.el . .. 28
2.3.6.1 Fiel.d..Meas.u.r.emen.t. ... 29

2.3.6.2 Particle Tur.a.cki.ng....n..St300r age Ma



2.

2.

4 Second Stage Upgr ade..of....Str.ai3gtht Bean
5 Electric ..Choupper..Syst.em........ 32
. 5.1 EIl ec.t.ur.i.cal..Des.i.gn. .. ... 34
. 5.2 Mechauni.c.al... D.e.S.heGDuiiiiceee 36
35 .CST  Simulal i Qe 37
. 5.4 Experi.ment.al..Sel.up. ... 39

3Beam Commi ssi on...n.g..and..Res.ul.t.s.....41

3.

3.

1

2

Beam

|l ssue

. 2.1 Be

. 2.2 Fi

. 2.3 Al

. 2.4 Po

Beam

3.1

Commi ssioning and .Man.i.t.odrls in St

s during t.he..Beam..Caommi.s4s6i oni ng
am Hit at..t.he..l.nj.ect.l.on.4F pe

eld Leakage .f.r.om..t.he..St.odr9age Mag
il gnment Stag.e..f.ar..t.he..Stho0r age Ma

l arity etf Auhxei |Sitaorrya.g®o.iMabgln

Moni tors i.n..t.he..St.or.ag.e..5Nagnet

nterceptive Mo.ni.t.o.r..li.n..t5Re St or a

. 3.2 nNeemrceptive Monitour..i.n..t.hhe58t orage

3.

.4

. 3.2.1

Wo r.k.i.ng..Rr.i.nc.i.p.l.e.........54

3 2 2 S L U P e 55

BExemd rail Re s ultitng eafc etph a..v¢a.mMo.n.i.3 o r

. 4.1 EI

. 4.1 EI

. 4.1 EI

. 5

Def oc

ectron Beam | nj e.c.t.i.an..ath6Lower |
ectroatHBghmr | hppet.i.o.on...An8gl e:
ectron Bé<am njng ctcit §m.na.rmgd & 43 . 54

usi ng oifn tthree E$ tea@n.a.g.ea....\BaGaame t



3.6 Solution for Defoc.us..ng..of..t.6e3 EIl ectr

3.7 Futur.e. .. .Rl.an.s 6 6
3.7. 1t Renl Eecom Chamhb.e.r..Wal.l.s...... 6 6

3. 7.2 Magn.et..c..Ki.CKer 6 6

3. 7.3 Beam. Mol 0. S e 67

4 Summary and .CancCl.USi.0N.S. ... 6 8
RE €1 € NGBS it esssemee e e L
AP P Een X A O









Li st
Figur
Fi r

of Figures

e 2.1: The -Biamercsigomale pit njoéc.t.hdeescherm

e 2. 2: Radi al field of solenoidal typ

beamhdari z.din.t.a.l... [ B, 6
e 2.3: Schemati c..di.agr.am.of..t.e8t exper
e 2. 4:x pRhratnoe naf steletbuNoA @ tb utihl.ed.i.KnBBK

e 2. 5: Layout of el.ec.t.r.on..gun.1lH. V powe

0]

scabthod@aBused in el ect.ur.on..of. ltlest exp

e 2. 7: Model..a.f...el.ec.t.r.on..gun..ilm3 CST

e€a)X.Botenti al contours on the electro

rn and strength aman.g..el.ec.t.r.odleds of el

e 2.9: Beam tr ajf8ec thd/rhioedse fproa ne netlieaclt,r o2n

trode and cat ho.de..t.emper.at.ur.e..olf4 1250 K
re 2.10: Beam current .as...a..f.uncltsi on of
repRagé: space of particle distuali6buti on
rey2cladassxsmcitn omo otf dreade region (50 n
- T oS = 0 TSP 16
repBadsd8: space of particle dist.uali6buti on
re 2.14: Magndt menbk..ossmad.el..wilt7h i ts
re 2.15: (a) Absolute value of magnetic
............................................................................................................................ 18


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272895
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272897
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272898
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272900
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272900
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272901
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272902
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272903
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272903
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272904
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272905
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272906
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272906

Figure 2.16: Transverse beam sinzde@mx ddir ee
Di fferent colors curves show focusing stren

o R N N T o T 19

Figure 2.17: (a) Design of beddli megsmagnsetof

magnet iact tfeirenl da npd....s.t.r.e.n.g.t.h. e, 20

Figure 2.18: Transver seximagnRltue duredea ips onfe
and r eids c@SVesi mul.at.i.on..r.es.ul.t.S...... 21

Figure 2.19: Transverse magneti.c...f.i2zell d map

Figur eooX. 2€00:poB e magnet .a.s..a..f.unct.i.d of cul
Fiuge 2.21: Col inagme.fo.r...and..di.p.ol.e.... 23

Figure 2.22: Schematic of beam.l.l.ne25compone
Figure 2.23: Tracking of beam..t.hr.ouwgh str ai
Figure 2. 24: Beam phase .s.pac.e..at..t.h2e6 exi t o
Figure 2. 25:c eBeatm tphhea.sceo.lslpiama.t.a.r............ 26

Figure 2. 26: Beam phas.e..s.pac.e..af.t.er27col | i ma

Figure&ache2natic view of storage magnet with

Figur &t dr28e Magnet and..v.ac.uum..chaBBer.

Figure 2.29: LeActo.mpMaasuin cairsecat off Ber t i c al
data correspond to different auxiliary coli

Ri glhktomPponent as a f unec.t.i.o.n..o.f..v.er.12i9c al P O S

Figure 2.30: Single particle tracking in s

starting point of..tr.acki.ng..c.al.c.ul.a.t3i0on.

Vi


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272907
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272907
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272907
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272908
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272908
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272910
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272911
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272912
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272914
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272915
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272916
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272918
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272918
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272919
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272920
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272920
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272920

re 2. 31: Left : Skzn gpllea npea rotfi ctlhee tsrtaocrkai gne

encompass ~24 c¢cm diameter orkxyt pl Bnghtof $§ih
ST OF @ g B cdMlA. g B e e e 31
Figure 2.32: Schemati.c..l.ay.outl..of..ch3dBpper sy
FigurBde 2edt: Effect of | ength of <chopper 6s
vol tages. Right: Effect of..el.ectroddds | engt
Figure 2.34: Left: Capacitance of chopper p
Right: Charging time of chopper..el.e3c4trodes
Figure 2.35: (a) Electrical design of chopry
el ectric chapperl. . S.¥YSL. e M 35
Figure 2. 36: Mechanical stru.ct.ur.e..a3md di men
Figure 2.37: Left: H.V electrode and its st
C N A Mg e 37
Figure 2.38: Left : Potenti al contours on t
el ectrodes i n v apceuru ns.ycshtaemb..e.r......0.f.....c.h.a3p8
Figure 2.39: El expIrame.f.i.el.d..pr.ofi.l.e38 n (x
Figure 2.40: El ectrical component setup fo
generator, f uncit.i.on..g.en.er.at.or).........40

Figure 2.41: Output from PVX 4140 BRUWI se gen
Figure 3. 1: (a) Schematic of the first FS
LT =T SO ¢ o o T o O A o N PRSP 42

Figure 3.2: Top view of st.rali.g.ht..beda2m | ine
Figure 3. 3: Beam pr of.i.l.e..f.r.om.f.il.r.st43FS moni

Vi


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272923
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272928
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272928

Figure 3. 4: Beamrcaciga.ggma.s.t.i..c...a.t....i..nj..edc3t i on

Figure 3. 5: (a) Schematic of interceptive |

on the | nj.eCt . 0D Pl e 4 4

Figure 3.6: (a) Beam spot on fluorescence p
bl ack and whit e ifnaalgsee wcaosl ocro nfvoerr theedt tteor vi s

beam as a pixel .wal.ues..on. . .x..and..y..adxd s.

Figure 3.7: (aes Bemare sploat enafftleurorbendi ng m
white i mage was converted to false color f

pixel val ues..on..X..and..y..&X.l.S......... 44

Figure 3.8: Beam tamjwlcitloe yStior a gig ecehta nobne rr e

0 = U= SR RUPPRRUPPRIRY S o

Figure 3. 9: Old and new injectiomopapge for

TS T T T = P 47

Figure 3.10: Beam hi't at thg thpebitomoping

temper AU ... 4.3 3 e 4 8

Figure 3. 11: Ne w...l.n.j.e.c.t.i..on..he.am..p.i.ple8.

Figure 3. 12: Field distr..but.i.on..arod®nd t he
Figur &e80b8: di pol e magnet to compermDate fie
Figure 3.14: Additional bestdo mngg ena.ginCe mb em. t
Figure 3.15: Alignment...s.t.ag.e..f.ar..t.h5e0 st or ag

Figure 3.16: Axy) aoffsebdbdageomageenf RSB i s

with wrongbpoéarstgoandspond to c.orbrlect pol


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272940
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272940
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272942
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272942
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272943
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272944
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272945
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272946
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272947
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272948
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272948

Figure 3.17: Radi al field profile. Red <cor

correct pol ari.t.y..aof...auwxi.l.l.ary..co.i.l.52

Figure 3.18: Schematic view of fluorescent
beam i n stor.age..mag.n.el ... 53
Figure 3.19: Left: Upper Il ron yokccamdarean, of

l i near f eedt hr pguagsh. aRidg hvta |l vienmfa gimree W i ferwo o f B /s\

(O3 O I o= U 1 1 - F T 53

Figure 3.20: (a) | mage of fluoamescanwi Sito et
beam. (bpotBeamm fl uorescent plate in the ab
magnet. (c) Beam spot in the pr.es.emde of ma

Figure 3.21: Singl-RSpatrttilted editfrfacrke mtg |i oyw eCrS
b) are correspond % o 212143 4hej Lepcetcitoinv eal nyg. | €A so fi

angle increased beam hit advanced..obn” t he v a

Figure 3.i2t2ar Gaessurnioths from t he storage magn ¢
into the stora@emamagrmatriat i Wbesr ei n ntthreo druacreg
the help of the sde)c oanrde dcioprorlees pmoangdn etto. t(hae c ¢
angl ewere incrt®as.ed.up..t.o..43..5 ... 58

Figure 3.23: Singl-BSpartibhéedtfhekeng hngle:
f)rea correspond to % he&4i°bPeachc Yo¥rasgplet ofekl
Only two turns are visible at those higher

di stance between t hes.e..l..wa..t.ur.ns...albs9o0 i ncr e

Figure 3. 24: Beam injection into the stor:

| njecti on®farnognh et hwea smadidn di pol e magnet and s


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272949
file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272949

angles were introduced by -fusiarge tthhee sceacsoen dw
injection angles wer euipnd’roe Yds&fatisencoher st a
originpailctBuW/rV¢s for t.he..het.t.er. ... Vi.s.i.bh&0ity)

Figure 3.25: Single particle tPrackibnlg i n th

Figure 3.26: The electron beam injection in

4 3% Md | esPé 484 8innjdefcltel Yn..4adn......oeveeeevvieecnnnnnnnnnn, 61
Figure 3.27: (a) At the inje¢diBobi mjnegdtei ogmr
angl & <mudldtaipptearss (b)) Mul ti particle track

defocusing of el ectr.on..beam.t.he..s.t.dbr2Zage magd

Figurdae3t28:Radial field profile of the sto

radial filed profile with respe.c.t..t663 t he so

Figure 3.29: Assumed particle distribution

Fi gur3e :3PMulttiicl e tracki ng..i.n..t.he..s.t®4 age ma

Figure 3. 3-Partetle Mmatpkiamg iommatghheetxst BFr agk
circle represent the required beam shape a

Pl Ot  HZN PUIRE.CX s 6 4

Figure 3.32: Phase space plots..af..t6hbe requi


file:///C:/Users/Abdul%20Rehman/Desktop/master%20report%20revision/master%20report%20version%20revised%20content%20numbering/Master%20Report%20ver5.docx%23_Toc491272964

Li st of Tabl es

Table 2. 1: Compari soRPARG-2 pEDEMekpeEBI Menhiwe al
Lo G o = A N 1 1= Y o 1 TSR 8

Table 2. 2: Par ame.t..e.r..s....of....el.e.c.t.r.o.n...gluon .

Table 2.3: Twiss par.amet.er.s..at..t.he.le?xit of
Table 2.4: Geometrical...par.amet.er..of33el ectri

Table 2. 5: El ectrical ..p.ar.amet.er.s..f.03r5 choppe

Table 3.1: Twiss parameters aédédéhéeéedmhnjectio






Acknowl esdgment

There are so many people | wish to thank
report possi bl e. | swowledad i it uasl @ p @ rAerixgyo.e s s T
Kazur o Ffuohniésesmwa nt ogwippamde amdamdetmivcatl ilyn a
ot herTvwievadot o aPuobb. FKkrukawa office rvaans al wa
into a trouble spot

I wish to givewysfepiealki sbanRdutsomuncMielda b
support and encouragement . |  aamm praurcthu moibtl yi g €
to parti cniipuamt ePriond uMuto oA EEG,pewhincemtgragatdl y |
for enhancing my .exweul dnelnhit laé tapexpli s®s my
Prof. Hiromi Il i numa f or heranc comptpibnou cauhsu tsyu p p
i n SOKENDAI . I have been extremely lucky to

so much about mpowdeld, tanthywhoesesans and (¢

I am muchPobfig&dtoshsupPphentwaatademi sal |y

daily 1ife. Hi s teaching and support was in
wo ul dt o h deneko f . HN askaayyoasnhaib e ¢l dr@agpporti ve sinc
bgan my tweex beatam nitnd @b tPea f . Hi r o mi Hi samat

help during the experiment and for providin
I am grateful t ogiPriodig mMaehmaoy Saonst fwaet i
suggestion during weekly meetings. | would
Kitamura, Masashi Otani, Sirui Li, Yutaro S
FindlIlmust expressmywmgthlaein tade si bl ings f

countl ess | ove for me .






Vi



Vi



Chapter 1

| ntroducti on

Ever since t he physicsts are/tgingyto dediphentibeqroperties of
muons.A precise measurement of muon anomalous magnetic moment property can give
hint for new physics beyond the standard model.
The BHNL experi memtomesasamenwhal ®heqgl datgonet i ¢ n
amccuracy of 0. 530dp s,y eprad ctehxdpreer wiesemt ah e v a
and tdar &t Maod e l|Mopree dpircetcii sre. me a JgiRgamedht of
i ted e dti rpimd me(NEDM)s pr epaat hd BPAARCNn ordear ctho
physics beyond Tthhel AIR€ennudogir2(E DioE 24 ). exper i me.
ai m® megis2yr e (he precision of 0.1 ppm and E
16%.cm [ 2] .

The E34 experiment will employ a completely different and innovative experimental
approach as comparedttee previous measuremesdat CERN and BNL[1, 3] to realize
thisexperimentThe key | d@a2gic meoasuroa e polarei zed r
ma gtniec fi el d and megpPpuwree ersdscawacrvho | ruetsipoenc to ft o
An ultracold muonbeam §, 5] of 300 MeV/c from muon LINAC with very small
emittance (1.5mmmrad) will be injected into the-3 MRI typesuperconducting magnet
to storemuon beam in 0.66n diameter orbif6]. A n otk e-d e mensi onal sSpi
i njection scheme has -cbeeledh muoomp olseam tiontim | et
storage ring. This newly proposetdhepefrafejn
it ecesmary to pofovtehithei hEwize bwoihngogtbheenmes n

wi | | bewietsit labtti s@pi badmlnjection Test Exper



down demonstrationnewlt yt pienojpesdstaildd n dssharrednehe o f

devel opment at KEK LI NACOs . KllTwspiroaeihgal | er y

freedom ttoheppef boment without stringent

ti

n

avail abPIAIRIGt. wils@®sd er to handimet el esc sbuegcahm lae an

energy and current wltihol swa dtdloepdrionvg dteo fe xepeec

needs.

SITE isdividedinto two stages

1) In thefirst stage of SITEDC electron gun(80 keV) straight beam line to transport
electron beam and normal condugtstorage magnéiavebeen prepared and assembled
together.Storage magnet for SITE contains all important features as in the original
storage magnetn the firststage, t i s deci ded to observe
l ight due toni ghisoeuoucé dbeshaind rImbegabalgoalgf the
first stage isto observe80 keV electronbeamtrajectoriesof 24 cm diametemas a
fluorescence light ithe storage magnet 83 gauss field

2) In thesecondstage of SITEelectric chopper system to produgedsed electron
beamis developed. Anagnetic kicker to guide electron beam to the very center of storage
region and beam monitors to determine the efficiency of this schenaéssaptanned to
developin the second stagThe second staggoal is to store the pulsed electron beam
for the order of few milliseconds.

Many challenges have to face during the commissioning of the first Staigereport
will describe the progresshd results from the first stageSITE. Electric chopper system
to produce pulsed beam also has been develépethe secondstage and will be

described in detalils.

el



The organization of this report is as follo@hapter 2,ntroduce the need and basic
concept of spiral injection scheme briefly. Experimental setup detdil of each
componentand simulatiorare also given in Rapter 2.Results fromthe first stage of
SITE, problems and challenges faced during beam commisgjare discussedn

chgpter 3.Summary andanclusion are given in chapter 4



Chaegi2

Thr-Bemensi onal Spiral | nj ect
Onet bt chay | emrege2 /iENDM e x p ePA RE@H3AI4s)att oJ i nj ect
ultomdd muon beam into amagmgaéaetdasdtdhohinagkl y
3 T -tMRp el e mmoaigdveeltl | he ste©de mudinarmétadréi mmt o
cm ar bvikda ntehseot enoi dal magnet riegidoerf ifnerd mwo

beam with field uni floerjmin yt liflse<crileaqpdpsas i vt ayr ifa

spiral I maeict i oon a@3Ddtsspinrfeelmuioon scheme wil |l
bri.&pliyal Il njection TestdeEtxapielr ionfe nga hS|cTEmp
al so given in this chapter.

2. ThBasi c Comucodrmpjte o3¢ ihavme

| n ptrheevB Mlng ognH 2 erxipmaunon beam ewas8. 09] SGeWVeéd
into a 1.45 T st or adgeev ircien gc radlfll [efmpadsimuuss e7d. 1t1o |
cancel fringe field of st bhbaegeem ndafgeniettget o p
field. To avoid beam hit at the wall of i nf
by the kicker to move the central or bit.
Thi sofypelsenepplfi danlel embadt he sufofrliagielearttigneg i
asompamwmedhe t hickndsns BANfL icraftlbsetadaraai gues adoilfn g w
711 cm and ttheenfhieckoesswadbt was 1 aom, henc
was required within 149.2 ns (cyclotron per
E34 storageemagmet s 3fiTettwhicamciesd oo amiyg
E3,4 t he radtirusl odearmeorctesnt ng sBNDhI| tyyw@é& dk imc k et

a horizontalmkadkwiatifgipe | of r)8300 pnerraidodki ck an



within 7.4 ns 1is nrextistgeesign dll @g .y Hiesn cngg, abBN
schemeap sl i cateh €ee i of E34.

To overcome thesiemdns$ional t s@eemdrieag ebéee
develdoop i nj ect muon beamThetbasihe cotnmncapgte
di mensi onal spiral i2n fiIMeucotni obne dims ndelgi ed edt |
vertical -dandyRé type 8oAB enadrn adfadeldamgrigahledsf. ghnge
field wilwveerctoincveelrtcomponent of sapmpeotaci it ot
t hset or a g eWhreengimounoon bedm wihlel sht®aalge -regi on
Hel mh o Ikti zc\wteyrp e comp lteh e | we mrteimmaanld crounopnosn enn tl |
st oirre dmli @mse s howh Awe aki d ocusing will be appl
i n the stionormgeerregioomr educe the req[éli.rement

Detail etl shudynew iisnjppurchlejpsh esd hie me

3-D spiral injection /

Vertical Storage around the mid
plane under the influence
of weak focusing

‘_ - j

Kicker

orage plane Vertical kick

(=g

S

Fi gurTehe .Basic cdhmepsi ohat hepéer al injection



Fi g2Radi al
holrp zont al

ltt hfa

h hnee x t

beam

Radial fringe field
B, compresses
spiral motion

Solenoid
coil

r st i nstance

experi ment

ded taiidre d

sesdkcriinrbeddet ai |

field of

experiment al

4 . N
Solenoid axis

Solenoid
coil

! Vertical kick by

a radial pulsed,

; field, B, (t)

{ l -----
sol enoi dal type magnet will
Do spmpladcy imhecitdiea cfc he

estakltii om tkkdefmea s isbii Inidti

setup for the



2.2pir al | nj ecti on Theys tUsE xnpge rH | meecn

Be am

Spiral | njxepcetriioome nTes(tSIHE) by the wuse of
devel opment for the establishment of spiral
is divided in to two stages. In phepfarredt s
namely el ddtnreonankdeasnt or age magnet. I n the ¢

chopper system to produced pulsed el ectron

experi mental setdaeapcoib8UTEnhdethekn

2. Bxperi menafal SISEE up

A compalST&wint hofE34 1 s2X3. vVEeasti neXTmérdiement i
straight beam | ine and storegpemamert b i 8a sl
i n EFiBhe straight beAamtlhienebeigs nhimgl owrfg.str .
DCt her mi entcoa gun of 8cle éde®¥cti somskeeamo Arm
|l eas the distance oefl e7ch ramemw vapwsanya sf rao mf d chies i n
f darheel ectriomhéesaimr ai ghtt se mtni d3 a mA teeaft ldoin oha
5mmi sl apced at 70 0e lmanc tartvoany cgounrb mo | tadei beam h
section of strmraispghmaedambdhni hbeaddfferenti al
ma g ndati .pol eombgneatt raiightubeaeadtomt heeam i nto t
st or ageTomacgonnettr a h pwosrE@xdyprel ect r.dnpkeeam of
st eecroiimgve béemrdi mat d he dJwoaiogdht hleenamarlei pe &
after magnet i xistl eaus.anigis fya earaindg larke bef or e
col | itnmatcoornt r ol the beam tr ambeexstéd proisng i o

coi$ placed on thmaidmpetei magpepetaftctemntro



positoaml eedt rt.dher dbee afm uor es censt heear@sheaic @ dFS) me
detect transverse @l ofnigl de@ m rtishten 3 enca mriotno rb
on the collimator anmtnhlktabse eparpotfuirleed ofbryo nt hteh i
mirror and di gpietcadindc &aBedwoad toheiasngpl afcebea
beam profile i-camearpad uz2.edTiyr dCCBPS moni tor i s
pi pe and sceaemme rbdye 3CdCeédt a i | setup of FS moni t
chapfTére dPhoto of actiuswneampeFihpenBalai $etod p ¢

compoine n@gr es esnutbesde giune ntthesecti ons.

Tablle Qomparison of -BAaAR@Eg2neERM sehed wiermenntl] and t es:

Parameters Test expel
St or age fmaglr 3T 0.3
Partspkeie e* e
Moment um 300[ MeV/ 0. 2[9becy /
Cycloeroondp 7.nds ec 5.n0s ec
Storabetodi e 0. M6 0. m4




Storage
Magnet

Digital Camera 1

1.9m
&Y

Steering / __\ Collimator
magnet 3mm@ y.steering

| &«“ e magnet
e /40°
nL L
H T [ \ [I ™ \
Electron Gun X-Steering -

magnet  Mirror

CCD Camera 3

2m CCD Camera 2

FiguXeS2hematic diagram of test experi

- =
- w T o

Differential Vacuum System | Solnoid
80~100Gauss

Electron
Gun(80~120KeV) and
Magnetic Lens

Vacuum:
Vacu_l;m: 1.5 x 102 mbar
1.5 x 10° mbar Filled with N, Gas

Figuk ePRhoto of test exlpleMAMemui Isckitn



2. Elkctumn G

A thermionic eleatmhoreyg wli agnetherLaiBs i n wuse
t heel ectron beam. walpirev ebuaddy oo logwma tgihon h

bri ghtrnaeys se xd ®T h dhemtt r on guat ko pemaxi mgm

achievabl e ®kleGfA.cuRrroenmmtr aidsi ati on and ther ma
el ectron gunafi4A.Am soparnt atoinor 6 &n &fsorumsead otfo
transtercel epower f r oomh tAaQy es opuorwceer tsou phpil gyh ovf
Specifications of el e2tE>xmergiume ratr &l gli aayeauti n

H. Yower supply 2i.s shown in Fig.

Tab2l @:arameters of electron gun.

Par ameter s Val ue

Extraction V 8 ke V

Maxi mum curr <1 0MA
Grid Type Aperture
Cathode emis Ther mi oni c
Cathode mat e L adB

Cat hode Dian 2.0 mm
Cathode Grid 2ke V

Emi tctea n afe wmmr ad

10



HV Station

GRID PS.

Aperture Grid

Collimator Anode
Heater Heater P.S.
| L 48MQ

i

Beam Catcher

e beam
Pico meter
I
HV PS
60kV=120kV, 100 mA
FiguxelL2ayout of electron gun H.V power
Cathddhe: | ow wo(r2k. 7féunnedcvidili acgdytireolndL ash ke of

best candidate materibhadéBequi cat modesof vakeac

times the servicelbddfae hoddied mamgesrs eln sedt hadel

el ectron agwunsdw256IiTrE Fi g.

LaBg Cathode.
$2mm

Fi gubleadat hode used d@xperliemannt

2. 3Ther mioni ¢ Emi ssi on
heated to very high tempel

Whempiaeceeofal ai s
mbanantiefMha

energy to overcome t haewapyoo mnt hal

11



emi ssion subj ect ctad fittéhegerrmmaol n icecx @eidme astesili @t ir O N ¢
to be free from the metfplt elm& ke édlodmenrilgy at
funowbfonhhat particular mefalan khecthen wdt d
from the metal would be
E OF; +(i

I n ther mi omddeée lhegemi masaxiomum amount of emitted
dependent on the temperature of the surf e
principally babkadgenl itrhiet esdp ameed e | i n combi
extaklmlcg current. I n temperature |imited cas

X[ A fmof emitted electrons

W
. 5 "y A (2.1)
Vw O 4] B_'Q"Y

WheAd s Richardson's Agensdt@tidwiitslor &8 val ue
funct mehhitsheappimpedas uBeoel|ctozmsalnaih]t . |
I n space c¢haQhgielL dsigmutigidyv leasawsteh e & AFfmnt den

of emitted el ectrons

. vt
T QW
bo Lo (22)
oW d w

Whedhé surrentVaaemlsiod gfagper mi bfi ¥r elgi sspace,
the distance f mamebernel tnta snsg asnude tchlficaerng € 102f
2. 33Llmation ofunEl ectron G

CST PARTICLEsS®BUDIeQpert tool for the fast
particle dynamics ifni eBlld®Ee Imad tagii @b s mgygnet

been cairmi@®8Ttoatstudy beam dynamics at the

12



Anode

Aperture
electrode

Whenelt
electrode

Y

=

FiguhreMddel of el

Fig2rishemB8delt hefel ectron gu(na)i ns h®SnIs. pFoi tgeun
contours on the el ectfriogladt amnd 4dMmMd sepemrgts
el ectradew. a&mmper i cati ormn,beeloepdetnradre cyplterr alt auy
l i mited regime in which cathode temperatur
Ther mi ominc neondieslsi( Ri cthhaedsese!l eclt ad) floast he i
from csaurhfobdegewB ol t zmann di strpbhuout BOBEES AL hos
t hseur f & tcea tolfBbedaem t r a j-8e0d/tka rad eyadtae nt i al , apert
2Vk and uempeKatdR&0sh@w®.i FiiGsugES R2s.ilmMul at i on
reest of Dbeam current as a 9f0lnbceta no nc vorfr ecnatt hi
¢® pm owhich swnputeapsreo abf 1FKO t emperature |
regi me reach and cathode temperature has no
bam curr ente mpfed earmutehgidsme we have to i ncrease

potenti al

13



1.63e+07
1.35e+07
1.08e+07
5.48e+08
&.59e+08
5.03e+06
3.7%e+08
2.6%e+06
1.81e+06

1.09%+08

4.93e+05
o

Figu8&gea). Potenti al contours on the electrodes of
strength among electrodes of electron gun

| fi @.b% am wai st is visible after aperture €
I n post ahodaveoaew ihbanl.o a col |l i matombmehas be
di scussed in | ater section.

FiguxeB2am trajectori-28@ KVomatheder pot gmnmni a
cathode temperature of 1250 K.
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s AN
10 2¢ // \\ 110 2
/ 1700K, 0.052A
103 > 10 8
-
<104 / 110 4
§ /
£10° 10 °
3
/
£
g 10° 4 {10 ©
m
107 : 107
7
/
10 8¢ // 110 8
10 ° —10 °
100C 1500 200C 250C
Temp K|

FiguroBeam current as a functi

2. 3FWi ss Parameters

To calwiudmamatler s in post anode region, di:
CSPShavbeen takeniatFiagsumvg)n2c 14 s sabseamt iadn 50f
mm awayt htea b mode2. #FA2g lirBeep hase space distribu

phase space distribution respectively.

U :\/<(X' OO (= Oa)) - (- ()xi- (x)* (23)
b= & (2.4
ermS
a = ODims (2.5)
ermS
2 (2.6)
g = s
el’mS
b ga’=1 (2.7)

15



Equat.i3adanhe2 statistemialtt @aede ni Eooaatrieed nd e2f.idn itt
ofwiTss paramédbsee ar e wissesd ptaocr ameltceulsatag T he

fromPGSDut pat3. sThaobwse t he results of these ¢

0.0
0.0
0.01
g S oo
£ i
- 0.01
- 0.0z
- 0.0¢
] -10 .05 0.0 0E 1.C
.10 -05 00 05 1C X(rm
X(mm|
Figul2xy2.cross secti Figurld -ppdhase space
anode region (50 mm distribution at the
0.02
0.0z
0.01
<= o.0c
- 0.01
- 0.0z
. 0.02
- 1.0 . 0E 0.C 0.5 1.C
Y mm|

Fi gur®pase space of particle

cat hode.
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Only sismbudyi dhms Dbeen carri,erdesadt sf amr et
confirmed experimentally yet because our fi

storage magnet. I n near future | wild/l conf i

Tabl3e Pwi ss parameters at the exit of

Par ameters Val ue
O nin rad 3.220
b 0.098
a 3.37
g 126. 4
b ga’ 1

2. Magineens L

A mametic | enst hesl eucsterda htt cbaehaondtelead e ct r on gun.
Magnetieohsensts of a coil of copper wires |
throughptbaeaacreadmseti c field i n tdteatbioarealolfy
symmetric magnetic field is inhomogeneous I
the gap and becomes stronger close to the
strongly deflected than t hoeeowearsalilnge ft fhec tl

a beam of parallel electrons is focused int

NI

b
3
3

”bs-l

L.

Fi gulrde Magnetic |l ens mod

17



The magnleens i n ftco®tsoitst gegrl iemectodii Inidsivindgls and
mm t hichiiedtadnngic Tlhemagitaly 8i@dn.Mabgowett i at f ens | ¢
coo.l emtaegneti ¢ i ron covaretodr s fpgnet daoampf 0 el

screening effectisphyetoheenhitelad i ng thei ot e

obmmFocusing power (reciprocal of focal I er
foll owi nfjgpfpfor mul a

1 e2 (2.8)

— =—— _ _fB,)%dz

f, 4g°bm’c? 152

FigBr @84 s htohwea mgahe of magnet{a) leand. (F) ga

representing absalbstoadnud &1 a doinaelin tona gps @teicd i v el

0,409 0,00321

0,271 0.00141

0.18 000061
0119 0000251
0.0776 9.07e-05
0.0502 "
00319
00197 -9,07e-05
00115 -0.000251
0.00609 -0,00061
0.00244 -0.0014

-0.00321

Fi gur5e (2a) Absolute value of magnetic

18



Magnetic Lens Effect on Beam focusing

1.2

1
/g 0.8 —0—1.4 A
;% 0.6 13A
04 1.2A
1.1A

0.2 a

o ——10A

0

0 10 20 30 40 50 60

Z(cm)

Figure8r2nsverse beam sizeng+xndbeeaemt domacl

curves show focusing strength of magneti:

To find the opti mal condition forthbhe f oc.i
magnet,tc akc&nag si BBl dtaisorbeiem vUCRETF pbedeput .
magnetic | ens effect on focusnitneg saft itome iel €
cm iR F6 @i fcfodmemtr espond to different val ue:c
Collimator position is assumed at 50 cm aw:
current ofendfegaalt ilcengt h ofr edhet,dAmb ebhmagte. At
focus at collimator, which means most of tF
much domdsipmpatior med this simulation study bu
these values experimental b gygodiuneg tsot uat eer i

experi ment .

2. Ma3n pdMhgnet

As aoPBafEa dipol demadganédt)amd etdest ed. The 7
design and geomk#6éwyncar ewtl eessad\iretid@nfio na n d

yoke di0odral Io4mm. I n t hel isnemirlaadmawientr,h per meabi

19



5000uwad, which is close to actudhemabgnieal

consists of32iwodicrogd se ava It .h

Bendi ngof adcilpesa rmmovnamgeitrapd f e@l tdo transver s

can be calcul ated by magnetic rigidity

_10p(CGeVv))
B/ (T On)= 2997?

(2.9)

Takirmgli us of=cl0®00ammir eefloerc t8 Qo mkgebve &8 mc  f i el
reqed to bend ah&E®sbeamdi et ABbBtpurbres

NI _Bg 21D
m

Foapolgeapig=1 8nhmnpnumbemp etf erans a eNguli &Gidgur e
2.13a) present design of dipole mafgEMet and

results of 3DTrfanes vde rdsies tma gonuettiaocn .$ i &t € 9Ph oW

nnnnn
;;;;;;

103mm

b

140mm
Figur® ad. Design of beéinmé mgi oneEgvh erfebsaun @SsT to

pattern and strength.

in Fig. 2.18. Blue curve in Fig. 2.18 are

CST simulation results.

20



120

100

oL
(=

@ Measured

B(Gauss)

» CST

[
=)

(=

—60 —40 -20 0 20 40 60
Z(mm)

Figur8Transverse magnetaci §i eBduproturhe akbomgaszur

curve is CST simulation results.

Fig2rk9 the transv-erpHafmageglpd emamtomepnmsur e
of dipeteamagnfunction of current

125

100

Fi gur%e T2r.ansverse magnetic field
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13C A

=
N
(gn]

Bg Gauss
=
=

10C

9C ‘
2.C 2.2 2.4 2.6 2.E 3.C

Current | A

Fi gu2eo®®. di pol e ntaigonne to fa sc uar

MagnetictHhHe etddp oWamamasgunrgddd p b gGaluasbs ,met er 0
(ResolwWt@bus s, MaXkh SuwBc0ex)s f ul t heal jeeca triommn becefa
hi ghl ysudpeopne ntdh ea n qnlj ee,d tswldnether mi ned by the ¢

strength andTleéf ett ehw ea fV ednilgptoitl ggeuma gmet 2. 79

fraoomasmagdeti c 5 ®hdAd adedf uectii®on angle i s 4
g= Boleﬁ =43 (2.11)
Br
0Qa
& e L @ad (219

Theefl ection aeglengnid £fd6mé6CER smimMahat i4dn
respeclthievfed gr ence bet weefn hnmaeganseuriecd fviaell ude san
simulation arises due to i mperfect coil s s
setting posi Mbo e oceebnrt hedndeil @fplreo bmagnet was not

precisely.
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2. i ffeNVvagcuuaml System

Di fferenti al pumpi nlgarigse ap rteescshunrieq udei fifne rvem
bet wéenhf eegnboasi mgle vaclUbe pyessemre diffe
mai ntained by a small aperture behwgén t he
vV ac uagnpoanr t .

| m hset r ssieghti on odhibgeha nviabsciunuerpuipr et ect el ect |
and transfer electron be¢ a&set owia dheoamtehdambye rd,i st
vacuusmneedéd!| bgass twd tdhbsNerve fluorescence |
nitrogenalaam ap oategt i Bi f veacuum ppmpyed has
mai nt Bleingh v @duumda@Oodi in straight beam | i ne
vacup®mp@ awdi tikket omageeA col Immadioamedtfer3d and
mm depth is used to separ 2tée sthwovi ngc u thre rcend

andi pmd gnfentem |l d i mat or is also reducing a bean

Collimator (3mm®@,5mm depth)
Separating two vacuums

Figu21i€o?2 ]l i mat qrod endt
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2. Particle Trackingnef i-BSC8&8iTght

I n order to chesctkr doiegahmt Idiyme mp &zrrst-P&I Basr ack
been carFoirtehdkei mwlitati on of strai ghtwelreeam | i |

considered namel y

a El ecumon g
a Magnetic | ens
a Di pmhgnet

Ther di weaskt eecroiiallgong straiaghkt phes@néi oeme

mi s al i gfn mehagm FIoOCS#®S si mstaeromgveobeesn i gnor
due to simpliwshirdeeypr eBSieqiurad i 2.n22df straight be
t heee ectron gun and foll ows magnetic | ens, ¢
Figure 2.23 shewecthehgwbambdmamgl|l ohe el ement
2.286 are tr antsivoeyw)s(ea ncdr opshsa)sses'X{s\ypyg axe fthe e xi

of the etettrmatgunand after collinmast or res
el ectron beam rreabceham os itzhee anod |hiaraot ogr ows .

beam halo as it is mentioned inohhigle2t26nb
gun, beam7c¢tArandti waseAddwdddcert d ikl .cd bt uhgt ot
not verified experimentally yet, because oL

the storage magnet. Haeemiefhreduexperimenst alk lu
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Electron Gun

Magnetic Lens

Fi gu22 Schematne

Electron gun exit

Fi gu23% Tr.acking
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2. Btorage Magnet

Storage magnet is a solenoidal el ectromagr
height 800 mm and diameter of 600 mm, t he
bot somds t he ierloons eydo kbey a2r0 mmot avokdiefoal gl b
frdrmset orage magnesbf TR mmomepghé arned t hic
pl acedceantdfetrhdde top phaBdedot twpmperr oaand | ower
havevi ewwinngd ows . Upper windows are wused to
vad vand feeduwtrketscegph fPpéomdews Lowiwlelr serve to

beam and some diagnostic components.

Upper Iron
yoke plate

Linear feed
through

CCD
Camera

T TR,
| | Auxiliary
coil
CEEE—
Main Coil
—
R
Iron yoke
| S —

Lower Iron
yoke plate

Fluorescent plate ]

. . Ei
Fi gu27 Schematic lguzg Jtorage mag

. chamber.
magnet with refer

monitors.
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The main solenoi dal coi l is 540 mm in hei
auxiliary coil of 80 mmllefiegthlie i maimo umdield ta
wedkcusi ng.

n=. R My
Byy HX
Focusing condiRiiganr BRigs tthe< s hemht iamdof sto
al desesitbéaemnint ori ng i nsildresisdteomatpee tngaeg n e t
vacuum ofiambeght 680 mm amnd idishmdtl éeexd ,cth o4vdO

Fig.. 2.28

2. 3Fbelld Measur ement

The magnetic field is measmueethodsl ng6@) Ga
t hrakes hal | pr obe.mohaebédhedlilcapdybdangaeadi al |
show results of field measumefment sTlae wmaif mr

curreht xwdsat 8 A. Co | ofreerde ndta t dar i&de0 rAgusrproenmdt

B.field map B, field map
720 ! T C =i a— |
% E T ' i r —a— 438 i
230 ——4.3A = o 654 | 1 per I
o F 6.5A = N —— 8.7A e, |
_40F—+ ~8rAa Ll i i 10A | wemgt |
EooL 10A i S e | Lyt —
_50———f} —~-o g R e e B L
F ﬂ opera | iy -;:? ] |
sot T | SN s 18 S S S
—B0F {7 | | o o |
C WE o r I . fl:‘ 3 I
_TO_ A ;.:_" n'=s=="e I -_“Is__z - & i"i:'l" i
F RS I SO L. B N T T A S R S
30: ‘.‘:‘:’a __--i-_.__i.o"' 'i“'-;'::- : i
— C W IrTTEEE L :_- - H |
- N T B —10p———— -::IE----ir-----------—---‘---.-
~90F - | |
E %l ....... T T
~19900 300 200 —100 0 100 200 300 400 0 —300 -200 -100 0 100 200 ﬂgﬂrm;},-?”
z (mm) )
Fi gu%ef2t.. Me a s uycroenmpeonnte notf aBs a function of
to different auxiliary coil currxeompGnewntd
of vertical position.
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of the auxiliary coil. The uncertainty of

than 1 gauss. Gray[ §6alidullatnieen s hfoavr OPEMRRAa r
Therdi scr dpdmweyn radi al c o mMpuoense nd n d n O PrieeRaAs
simul agshown aBn2 &gt . Dme a srgr samed tdf | anges we

opent tbiug ef f ecti ni SOPrECRIA imodledded

2. 3P&r2icle Tracking in Storage

Particliestomekomhmhgkey c aglaaculiatliesn mod i et @ rnre
magnet. Tracking calcul aRS$ oxntTihdaagen ebteiecn fciaerlr
of storage magnet i s cAl antdatedciuriradmgi odoiclo
which is correspondo=t @B3cendrfhilefdel ddexreat

medi an plane of storage magnet .

Fi gu¥fe 22i.ngl e particle tracking in storage magnet
of tracking calculation.

Fi ga3¥rdes showing the single particle tracki
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is the entering point of pacrnt iianed.h aBie grh aenrec

ot hset or age magnet .

. \\\
200 S~
D
200 S ey
100
100 =
£ 0
E = e ——
g 0 ——
~ \ -100
—-100 "]
-200 <
-200
—200 —100 0 100 200 —300 N\
X(mm) \

-200 -100 O 100 200
X(mm)

Fi gu33l RRifngl e paritn octzleept aagk@inggdemagnet, whi ch
~24 cm di ametSemngobebiptart Ric gpatatnreacokfi nnchei ,stxor age ma

Fi gurld eXttlBel sr e pr essienngtlaet ipoanr toifbxkeze pel rasn iech or vy
shows the di amet eRi goufr3et gadasc ks magw-y-R2@g| whme »f

trajectoryt laue wiatr dmavas citn on vertically.

24Sec dGndaypegreadf St raigdt Beam L

The second asistageumdr &deEf ol | owi ng three it
iU DC beam to pul se beam

Magnetic Keé c&kleectmomup udfs est droa gee rcyh acrelmd re

c:

U Beam mommetaosrusr et sd ®lragtr o m mMeeam and kicker
Devel opemeatt nifc choppenesgtil ém ambebsr pht eheen

compl eted and wihhed xtbes @detsicon bied deat ai | . Ma g
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monitors are stil]l under plan stage.

2. BBl ectric Chopper System

To produce phkes,®hoeréiagn naolr pl amavwaytthatude e
hi glost sodulRtFe was decsdemd theapi bndrFeaesftf i ci el
response, simple structure and | ow cost mak
generation of pulse beam.

Fotrheel ecthmipspyesrs e muct ur e desi grispgvegreocess f
0 Amaxi mum effective fivel daigelittheonsame def |
0 Ami ni mum | oadefl e h deot ratcehda serevies et/h ef aflals tt i me
The chopper volédlaget demp emdl sdniogamadmhogee ngt h of
the pl ates satnap olfMohdedhteietgmua med defl ecti on vol

by the foll owing equation

—ad1ty 213
a

Wh e Wgg 6 hdee f | evootl itihmggdne | engthsofepgpbated defl

angdieshe gapg déehagrtdeé.rel ativistic factor of &

wa -
o R oR 21 %
Equation 2.14 presentdi fher e@ipeyee aldhestt eafns.e
on which b\Wacns atehdetleet ati ng Ivsheabesgbh bfap
Vai 8 hdeef | ect i digs hveo |l d afpéil, e ntgh v d it shtea md ed dfl reo no f

pl ates to dump | ocation.
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I n

el ectrodekOnml afTée aoéel imadamr

vacuum systemewml dumeevefas

out heaseéeectwasnde Blommagntdh mut udlons ebped rwae e n

haloo caomd rfodr d

alhéptpreagonf slyesd ra m.

80 kwelbWdefdaoddathceol | i mdt etoabamem, whi ch scto@rrespo
t hdcefl ecti on awlgiehodew®Wwnidevoh d a.dge h@efmali 6 k)
| ayout of nchoppdaryenydtnedFipgr.e s2e.n3t2s. glTeadomheet r2i ¢
of chopper system.
Collimatoras beam as dump Beam transport system
Chopper’s to storage chamber
1=35mm Electrodes
= o)
0]
r d=10mm - e 3
_________________________ -
I— “Tm= 1 y=20mm, gr
E-beam D=50cm =0.04rad=2.3° =
From gun o
(80Kev) 1y D'=D+5 —
To measure beam time structure i eeo
Oscilloscope
Fi gu¥2 S2chematic |l ayout of chop
Tabld&GGed.met ri cal parameter of electric

Par ameters Valsu e

|l nj ected glyeam ene¢ 80 keV
Chopper Deflectir 1.¥ Kk
El ectrode | ength 3 mm
o 2mMmn10mm
Aper t ur>he(iwihdt)h

Defl ection angl e 0.04r ad
FigarB8 showing the effect of electrode |
and electric field to defl ecdd eiheeqcuatoinonbe a
213t he required def ldediieicc)y ofokb@ggyarmatnd ang
redasewe increase the | ength of chopper el e
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=

Vi (KV)

[y

[(cm) l(cm)

Fi gu33 Reft: Effect of | ength of chopper 6s el ectr.
Effect of electrodes | ength on electric field.

© 1.50F
< | = 1.00F
0.70

& 0.50 .
2 R it et et e o L B et St
S .

-FF

0.30
0.20E

____________

Py -
= H--F
S
~—

[~}

[

=1

Fi gu3Hd et : Capacitance of chopper plates as a f

Charging time of chopper electrodes as function
Capacitdiutbamagidondg thome@per pl adres!| ean ggtoh deefp
chopper 6s el ectprreedsexn.t cAeHgaader fddad3sA | engt h on

and charging ti me.

2. El®kctrical Desi gn

Thechema of el eftttheahbdppege i gdIhe

hi gh yowtagsupply is connect edastwd.Phdlsse gen
genemnbternati veelye cctornondeec tttsm pighhss un d earmdhd neg
high voltagdopobwawi nguppleyti mingussegnavli dt ép

famaf uncti on generator (trigger)
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Thleey component of chopper sygi 68adiiOsl APVX 4
functi on igsesneed at @r f eed ti ming si dgreals ffoorr p

choppewer swpgpdmgngi ne2Ta bl e

Trigger

Pulse Generator Beam active
Pulse width

|

Complete cycle

(@)
=n
o]
o
o
0]
-1-.
)
m
]
(2]
=
=
o]
ol
]
]

a e

Figu3™d ald. El ectrical design of chopper system. (
chopper system.

Tablsé&l2ctrical parameters for chopper
Max Vol tage NB. ¥ Kk

PVX 4140

Pul se risel 2,ms 3500V (Il c
Loaded capac 5@F

Pul se width 5ths to DC
Controll ed bAgi i
81101A

Pul se Recurrtr Controlled by i
50H&gi |l ent 81101
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2. Mez hambiesalgn

The mechanliyc adf acshsoepnpbe wn s iy B tABCINQoisss2 sh3e6a m pi p
of asymmetrusedi bBmehes tBi glyerelde atmed ;des .pi pe
produce easy support strukEadaah ecelfmacnindke $shse
a pl amme tobt 8k nl elkse tst e et wax retr echoi llecufnhne.y ar e
i nserted fsriodme sopapnodsittlreei r vacuumThé aggeunsd |
el ect d0deccotnlnygtcot etdh e ®1 damge pwhiiadr i wéelad @pdi @t e
Mi ni aHi gWod t agef €E-MHYpughctoaran Filyauf t) present
support structure and feed through connectdi
section of electrodes assembkty fieedtshbdar vagh

standckar diesmgegnded coaxi al MHV connector

Electrodel

Fi gu¥eMe2Zhanical structure and di mension of
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Chopper’s HV
Electrode

Ceramics | —

H\V Feed through
(M.H'V Connector)

/
[iankrionge ]~

Fi gux7 LReft: H. V seulpepcotrrto.d eRiagnhdt :i tCshopper

2. 8ST Simulation

Tocheeelkectric feelbdi pefdffdddex i@mdde ct ri c fi el c
vacuum owhadismul adh ompeorf system {EM carurdii @d o
1. 6wkedepl tdlkower el ect rpper pdladtee wahnd ev auc u u
werae ground Fioguered i2ash& ws t he potential con
of chopper system and right presehednmhe el
pi.déde equipotential | i mas mdars Bhii qild i waltteasg e
electric fielMaxinmurmefizeldd realtec winated from
from simulation are Fngaggesmentnivho hmemedi

of el ectri-xr @dlieaeda 6acfn pd Hakepepse r
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Fi gu33&e Reft: Potenti al contours on the electrodes
vacuum chamber of chopper system.
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o~
—~
l\
- 120
53]

100

80
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2. Experi ment al Setup

All el ectrical components used in chopper

The electrical €omplohewts used are a

1) Pulse generator: DXI PVX 4140

2) Function generator: Agilent 81101A

3) Matsuda H.V power supply

4) Oscill oscope: Tektroni x

The BUYXYODI sa3r used to generate pulse-voltage
4140 feiatauirdeesd out put pul ses from ground tc
3500V, and can al so generate pul seRi Lai gi na
and ifred@m &nd mini mum Pnrsl sva tvihi dtalk iimunb fr eque
kHzH. V powgply from MATSIWBIBA uPsreedc itso opnr ovi de

pul se glegniel3cartt®Y A feunnecr{altB8ohr gsed tPovd Y4 @ger t
pul se dJgelmed at of fer maxi mum frequency 50 Hz
pul sed pyutdsk WMedwtypltbnt eneniasyoursed to trigg:
g enerDaettar .l sdtpmpe ndndrequwepi ct eds hionwsFitgh.e 2.

out put of 100 V from pulse generator.
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H.V PS
(5KV)

DXI Pulse
Generator
(3.5KV)

Function
generator
Agilent_81
101A

Fi gu4a@EIl 2.ctcroimpalnent

hoeotpep fsystem (DC power suppl
function generator)
File  Edit  Vertical Horizfdcg  Trig  Display — Cursors  Measure  Math  Utilities  Help
Run Sarple 19 hay 17 14 ]

[
[

Ch1 so.0y

Figu&dle Qutput from PVX 4140 Pulse generator on
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Chapter 3

Beam Commi ssioning and Resul 't

Convenftliomnradsrceenr mows ¢ drtso wee teetcrtared ewert e n
profile during the commissioning.lann do rodpeerr at
to monitor the eilnetcerrcoenp tbi evammgvvamts a fsit bofr eady ew i
nitrogen gas and fluorescent | ight due to t

a Charge Coupl-edmd@ma.tchei s( GChDa)pt er setup of

straight beam |l ine and storagdemdaJjemeddrealmd | t
chall enge®eridaudne ng t he beam commi ssioning f
to the storage magnet. Those probl ems wil/

3. Bea@o mmi ssi oMo migt am8tr ai gmte Bea

FlUor esccreefeFnghp ni it ®r a isntnegprlbeepmi deagnostics d
measure the praMblee®r aecbheaeagqbdi faenrntaiticedlrsa a |
energy | oemrsv ematnd d e dri gtamenicetagletd forudrd st

i n the optircaanlg ew a<dledl 0 thgdh GiGBrfa mer a can be wuse
capture | iHgihgh fdryonmmanmH . range, no absorptior
hardness, f ast ndeecchaayn itcianhe panodp eghtedskd s crhak e
farntercepting b2am di agnostic [ 21

ThEeSnat er i al 40sa nnda ddeo poefd AniBlha cCkr h aaf@Bd YWV at or
Hamam&hslbl edame@€ad®del )&86888i giweals ech mteod acapt u
fl uorescEBmwroeniltiogimtswamadtehr ee di f fsementhel oc a
straightt d eianmv dsitnieg att e tlhoocsadri posdsh g hFeSs ¢ 1 ¢

pl aceadccoinl ipneartpoperndi cul ar t o ttHhHe ghdeamxdirraedt
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mi rwapl acefwiatth 4r5espect to the FStoMitheor

digital c a.nflear)a .i sFitdgwer eschematic of first FS

mirror and FS monitor used in experimental
(a) Digital-Camera
Window Beam Pipe
Mirror \ Fluorescent Screen 1 |l Collimator

Beam \ .- g
(b)

Beam

Mirror

Fluorescent Screen1

Figure(a)tbBchemathe first FS monitor (top view).

Dipole Magnet

Mirror_ =~
T s ammoaEs

FiguzTeop3.view of straight beam I ine and f

4 2
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/

FiguxeB2am preti F& .imoaint oirr

Beam prmotfhfdie sftr &S moni gor Sie@ o8 WwWowhmSaigmoBt i
moniitgdraced at the emd °Wifst straspgdtct beamt heée nie
and CCD-lcameraadj usted bel ow the scdeteai It o ¢

setup is depictedsihmwki d.he3ssé&chéefiama mncieto@r. &. (

P .
o o

|

{43

3 ‘40—« & - ] {l»t.:_‘
Hamamatsu CCD & >
Camera-2

-~ CCD Camera-1

Figuk eB2am diagnostic at injection re
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) CCD-camera 2
o 7 il

Fluorescent Screen 2 Window
NG Beam 7

Fluorescent Screen 3 ‘

Beam

Window

CCD-camera 1 Support movement

Pneumatic feedthrough

Figux(eS)8hematic ofmiomitteorcepsedei Bpstamalt bt

i nj egitp ®.n

240
20

200
180

bean

CCD-camera 1

d

FiguGe (&) BeR® meioit soinr ai ght

secitgiomalofblba&akn 4 n d
i magecowavserted to

false Icontl emsiftoy dfetheamvasidipi A
y axi s

CCD-camera 2

(/

Fi gufEeaB®am

spB8t moamfi eopmadegneti gi @al bl ack
converted to false

and whi t

col or f or ibxeetlt evralwiessi boinl ixt ya n d(
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ThirdaohRbBitsorpl aced after bendp megu neatgince t f eaen
hr oRungeghu mat i ¢ if reeth #iskitSwengjhe c ta md wii.pel vee r s a
mi tftt @dcent | i gwas fgtoimdadigeh rFeSylsasasa dvbewport
hGCD c amehrias setupni $3 .g4 adbodCCREBEMRLLAIVA S
sedaptldmuerleisghetntf rrom third FS

I n order to make pictures mame wihsit kel e CiDn
aemr a fi beeaesdbad i n MATHEMATI CA [ 23] and di
ol ors have been added to the original B/ W
Fiug. 8. 6i ¢ a) he bftmaomps eb@omiét &rS and captured
amera 1, t(hbe) wrepjresteindan of bedmgiun(et)8r. Ms o0
i's the beamhtphriorfdo hFeSt br p mwhifdcteri ¢ hgl deaead i ng
nd I mzgptwa e e abme FGQMD r(e )3 .r @ dwee sperndj ect i on
eamm toetrhmemmage . pBeamapdepmdenast ¢edviesti cally
ue to focusing eWheaot wesftfobmkahgdadentgidg migtg net .

| so resulgrsed siun encirre Disirejddadt @ iotna tr ieggiaosnf. ni tr
i n the i njpeactthi beaf ercagiommn tr aj ecDetrayi |beacfomehi
henomena \ieldl ie skeddroin liast edre psheecteicrogn o n Fi ¢

e am whetnh i t temda esmsoginaegkeat ¢ eddo | inrca sii gt lod d e a

trajectory which presented as Region of I nt
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Figu&® eB&am trajectory in injection pgeags.

3.12ssdersit mg@ aBo mmi ssi oni ng

Ma niys shueewse t o overcome during the beam comn
l ine to theSemermagaddi mMadgdotepoan owemeé i n order
over come t hBesfed rpgoowsdeenmsai friees ul t s mMmagmett he s
chall enges faced during the Iagmett b mriessi

descri bed whrige falrye. skaret se®d e cwii lvddb rbieeddieyscr i b

0 Beam hit at injection pipe
Ut Field | eakage from injection hol e
0 Al'ignment stmageneftor st orage

0 Wrong pol arictogpflostaurpgki magnet

3. BebmtH at t he plenjection P

I bhri al operation of beamagcvoetndisd i mati nsggu d me
i njecting beamagnmate t hetlseé opamgti cul ar shape

beam had bell ows on both sides of pipe whic
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in FiRed 3ci9r.cl e in Fig. 3.9 is sHOWueg the
to this ceeadteirorbemidp ea,t b eng mmacgonuel tdsni ontg etnhteerrme
camera beam hit at injection pipe has been
To overcomeandéwshp@apmb lwamwiptrhe psaatrreadi ght pi pe
i njection anbeeamst ahbddgosBovwrl.i After the
beam eplieodbteraom successful | y marmgjaenddt ecdo nifnitrometdh €

using FS monitors.

Figux eOBd and newt hejeojeonhi pnpef fmalgenettr on bea
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injection pipe

0329140134 =0 92 +0. 4250 FOV 25

Fi gurce BBeam hit at the injection pipe.
4 3°C3

-
e

New beam pipe

Fi gulrle MBew i njpmicpeé.
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3. Fizdxkedkdge mSt orhMaggen et

Successful i njection highly dependbeamon a
i nto the st ornagter amagnoepter ati on of beam inje
angle cannot be controll edt blge ackmlgye dne | e rf

i njection hole of storagyfemagpehgast deps ct
i nstal |l edn opn pienjteoc tciompelesak @agé¢ hei eff d ect omf
ma g naest s.hFoiwgnur @ s3 .slh3o wi ngditpheeh gsneedandFi gur e

represents the second dipole magnet on the

0.33
0.0594
0.0107

0.00193
0.000347
6.24e-05
1,12e-05
2.02e-06
3.63e-07
6.36e-08
9.7e-09
1]

L.

Figur2e Ri.el d distribution a
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L

\
3
- -~ y

-~ A 2
P Steering magnet [T

Fi gursd&e8ond di FigukX3® MARBdditional bending n

to compensate pi pe of storage chamber.
storage magnet

3. Al3 gnmermgte $ or tahgeneStt orage M
I n ordetrhsdd or @algiegmagnet with r ersapdcgtn nteontt he
stage has beenhséetmostaaglel nea ghinkeinitgamént st age i s
storage magnet 2 mm in |l eft and s$ight and a
Storage
magnet Table |
~. [
:,c'. S — /. “I ~

4 Bolts for
a movement

Stage for alignment
of storage magnet

7
Fi gulrse Al.i gnment stage for thi
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3.2.4 Polarity of theoiSlt orage Ma

Auxiliary coi l i s mounted on the main coil
i n the median plane. TékRolpdappadsgi tod ttdhet ae
of main coil in order to pr comamyawdrgkalf ocus
obbeam injectiomagméeéte pleéast oyagé the auxil
(pol arity of main coi). ahhde awrxdand g ap ol aroiitly wc
changes the requiredt Hset ®lr dggwertonfai H @rutigut mat theel yc
the inspection of the storage magnet power

pol arity and fixed it.

120

Correct Polarity Wrong Polarity
100
0
¢ 8o
S
) 60
N—r
g 40
20
0
-400 -200 0 200 400
Y (mm)

Fi gurée Mxi al figl dofprsotfdrlaegeofma(gBhet . r@rfan

wrong polarity and blue is correspond to

Figure 3.16 and 3.17 afeom®I8Tsianmud at adinal |
curves aretherfesepdwmpomdi bl awb xiwheialrey bclou e

cusvepreskeaed poofete polarity.
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15 Bx

Correct Polarity Wrong Polarity
10

B.(Gauss)

-10

-15

-400 -200 200 400

Y (fim)

Fi gur7e RBadial field profile. Orange corresctg

auxiliary coil .

33Beam Mont hSetrosrMiaggen e t

I n thetdbhagt®wd Ek ibreadn aognosti ¢ moniitnor s ha\
st omagelet I nterceptive fluorescent screen n
beam 2i)ntNeorncepti ve beam inttaceldséttmuaaclbsiamnc
Nogalkn this secti ©otrhbee®®nddgse Aiikt hset omMma g @ et

wi | | be di scussed in detail

33 Lntercepti verSEMo nvhaggenre ti n

Tof i ndv etrhtei c al positon nmmafg AeStna mi hiands | deee nst o |
attachevdactuuimmdédar feedthrough. Linear feedt
screen positi admwneA tmicpadgiiyt waps eadndi n front o
l i ght fr om-cRaRSnetroa t(hH@&5&8a tM3 u rdsdjamgl @b we f or
t horeut diodespan complete verticalBepnmg iodon of |

thsestup Iis dpl&ted in Fig.
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Linear feed
e through

E—

-

Figur& Schematic view of fluorescent screen moni
stomage@eet

/ Inside view of Storage Chamber
from B/W CCD-camera

(Upper Iron Yoke view \
| of Storage Chamber

_ | Linear feed
through

(ccD (Valvefor

Fluorescent screen of
grid 5x5 mm

Figur® Beft: Upper | r omagywditiec hv i ccovn soidane it @fr a@@&D e ar
feedt hrough 2garsd VRalgwhe :f drn siNad & & wime vB/ oM CLtDo rcagne r a .
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Fi gufe (3a2) I mage of fl uor escemtmesrcar evd nt hionu tmibreraonr. \
spot at fluorescent pl ate cirmgehenagheénced cof Bma gn

presence of magnetic field of storage magnet.

Fi @ul39 s t he r e perxepseern sneetoit pammoofi t omagnet st or ¢
FigureaB.i2® the i mage of-caAmaoaewt.ehFiugurhee a m
3.26) and (c) represent beam profile at FS
fiet tsddionmageetspedtni vdley grhresgmetei off i el d beal

arouam™d dn FS radially whi-RSh tirsacikns nagg rreeesmeln t

3. 3Ro#n nt er dMeomti it WodnSeti onr Maggen e t

Conventi onaimonin# @eeost e patpipn g ¢ atbh ee & loe eonbrsoenr v e
trac kt hset o mageNoth nt er cepti ve b disetmo madgea ®@tOr i ng
detelcactron imBebal t eagkatghmeahlani cal tadenstr ai
st ormagea et gleod me€lcg ct r d m abikhsah o rmeagenesin
destr ufcltuiovreelsyc e nt hidnitghtdudeel tho trogen gas he
usi ng -caaneOfBhi s ®Blket wonkingdg hggas nmwpil ombé
descanbeafter that r esuflrtdasised fo maigtaved gle nb eg as

presented

33 2Wdr ki ng Principle

Wh etnh e cphaarrtgecll leisdiens t he ampe diwatl r aqgdatsc ed g a ¢
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t he modfe cardee snbobniobauktyg ,al so excitation of int
occuiMhe eatftideactay malgaetthiywhedmi wef ol uor escenc
| i g’The exci tbgads oneng ralatNsspecbobnumhe optical re
spectsumriginated by t heexeictaggd ofy moH e cad lalh
the beam ions in thed<wad7ell ennngt h range 390 n
I n high hveacmuousmit ngnt vacuum gafgtapst et r € s
can be increased by the help of regihated

fluorddagdamcee moni toor eCdd @sy¢ md CCD3, 214

3.3.e2t.w2p S
As depicted i-nnkFagive. h@®niftareno@talsp consi
Noregul ated valve [ 25] andCHa@tBh maAbuU €Dt ba
devices were | ocated outside of démersalor ag
purpose mass vbal oe ¢c¢oomr MKISed nsor tmeht t aeds
magnet gquags hi W controlled manner. By the wus
magnet 6s vacuum chamber xplrtmbsunre was maint a
Hamamat su 5985 high resolution chilled CCIL
lght from storage chamber. Thes ensWutGidwiltly d (
faint | ight conditions, which are di.fficult

Exposur elg 1t0i, e Oi sseercd tsop e3d0t0r aslecr espdBlse i s 4

3.4 ExpeReismdit tsa leNotner c emti it e M

The electron beam has been injected iIinto
i njection angl es anidntwarsc eptsievesr egla svi mdniat or

di fferent i njection angle studies asnd el ec
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monitor wil/l be described in detail

3. £ElEctronj Beathoonwdmj e cAnigd re

I n order to find the corr ¢&bel dcntjreccnt | boena na ni
the storage magnet, i njection egtendy imgsch e
anglelnjection angle of the elteldtewdbopobeam w
magabParticle t&Hckailnsgp ihnasCDhleen done in or
experi mentallpeamyletwd $ opier $tor neerd aanglteh e who w
results in beam hit at the | ower Folgautree of
3.21 rdrhseesghéeésparti cPShetnhhee B mn gvasinno@ & ct e c
the storagethlrambever amadl)en.j elcrt stohwe aakpigg & 3. 2
fromP4 2°2 . A n4d3%Sespedtti weleys.e angl es beam hi
chamber of thehsthlhog aigrej emadgsnomtr .ecaaldjelde i n t he
0°Beam hit position advebaced pdr gtahied )Ba Q@ R2u
are the experimental results fFabtmet el gas r
added to the original Bl ack Fagdr Wh@d) €2i fhag
reprstsheentcase when wahse ierljeeccttheedn sbeadm@e magr
i nj ean gadeo u.tOb ¥ 2t he mh edh pp od fe Smad r e tvianr italte on
range®wefi @dt.r5oduced thsee d dired hail pad lod smaygn ete.nt
the Fig.d)3t.akeh] €ati on angl e o s natdrveaansceesd boena nt h
| ower plate of the vacuum chamber.
Reflection from the Bambage Magnet Vacuum C
Refl ection from the chamber s wiamhésewanitdeudhr o m
l i ght badckd@r®®nd Ilinn order to observe beam

bl acken the chamber walls Deptarbdeoftohasopl
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be described in the next section.

jecti 1
Injectlon:;"ge (d)

Injection Angle
4 lﬁ
Fi gu2ESihq@red igpl e trRA katgt hileo vazx8fffeert @ rotnb )a nagrl ee (a

correspond ®Bogt bB% oA aRBRITABecdpecti vely. As injectio
beam hit advanced on the vacuum chamber of the st
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2005x*8 LIVE

132S 193S
d
ol =

2005*8 LIVE 2005%8

Figuz22 @Bas monitor results from the stboaAage magn e
storage mrmagSmeal latv adr2i at i‘wes ei nntheduaegebgf t@e5he
di pol e nArth)gneerte oaraaessepso nwdheémo tthhee i njecti om angl es

(False colors are to the original B/ W pictures foc

As the injecttbere pngktb dnetaasedbet ween t wo

3. £l cBamnlj eoanHi gher | npeetion A

I n the next step, the electron beam inject
in the storage magnet . (tFin @gaukienRyS 228 CSfer ehd gm
i njection angfl)e.bdam Fwas i3nj28ct(ead® i #40 5t he
4% A&5°45646°#HBéspectively. Only two turns app:
Figure 3.24 is thexpepieeantadtison uafti om wh
was injectedmagqrmet t he bBbhOp°eyg s nagndglhe 4mai n
magraeatdar i atni drhee i nwectei omtawowmglueed by the h
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di pol e. mRaigqwerié ) 3shéwsat he camsregMaesen ncheaisejd
in the s‘tueppstlodfilgidr & 3.23 and 3.24 are no

correspondence and view of observing trajec

i\ _ Injection Angl
N\, 44°

Figu2®Sidhogaretigl e trREkangthe &STferentf )hiagrhe i nj e
correspond to t hoe &4&4pe3R4At6i2d@dnT5amegs ge otfi el y . Only t
vi sabhese highdme iAnsj eicntjieocnt iaorng angl e increase dis

al so increase.
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Figuz4d8eam injection into thejesarmglad e jmadne®tn atn gtl h
49 rom the main dipole magnet and small wvariation
the second df poheemaphpeetcaseawhen the injection al
0O°bp tOF4aVse colors apiectt or e hef omr itgheabbetBY &M vi si

3.4.1 Eleatreca(®&abi njecti ddn angl

Afn eperformi mgntihenedbdoivej ecti on angle stu
injected into the storagé<magpetti dnt aeglaa
Particle timadjiheastgiicn ualryg-P 8 sthaorwqe iinn FCHT 3. 2
i njection angle is corresponsd tthoe npuilcttiurteu rfr
gas monitor of the sdctor@amebenmamnweas iwmjeac tt dc
magnet at the ahagnde Igerséfad drainnhdedic t4 ).n5 angl e
I n the tkhiegf iF.sza26turn of the electramtbeam ¢
turn beam s ttarotugdhi vtehregirreg.erPhelnce trajyectory
beam | ost its intensity and we cannot obser
moni tor.

As explained in the section 3.3.1, FS mon

or dedretteoct the vertical position of the el e
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