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Head-Tail Damping Measurements at SRC* 

Ian JISU’” and LVdl <‘r ‘I’rzcciak 

Slpdldr’on RfldNIfloiL rcnicr, l’nwrl~.sity of Il’iafYYuislrt, 

Alwtrwt 

‘h’ hiid tiill dWIl)ill~e; 14tt- at I~lJ’Y’~l<7~1 P,,, ‘KS’ ( I[)8 >I,.\‘) 

u Al;drlili ~23 UP:~U~~~~~ ITa cliffi-weir 1~ im i‘~,rrrnt~ AI 
t1115 Iw “““‘py t hP twalll rrisy $ufkr it n,r,g I,;ln~l.lu dili,,,,. 
ilig :illc, 1,) till, !r.+~~lp~l iii,! A pT’d:I( lllililiti r M’iL‘ ,,,ij,!,.- 
rrlf~:lttd til f’,1il~(i)r111 t!lirl the, t!flartl is mlai~~p~<l ilciw~i c~tl(.p 
i’llI I:, ‘1 11.3 Ilri>tils, rl~u~t~tiir \igtl;d ngrtw wltlr tliv s~~l~~il,~tl,)ll 
rt~ililli: illld tb ..iiliipmg lill? agrrc Wlill t lw 1 hr.< ry ,,mi,c- 
I ,r ,,I 

1 Introduction 

1\li5d~lill 1s it I (:<s\’ c~lwtrcblt :toragv ring 1s~ ,it<~l ttl th+ SJ-II- 

rhi.4 ro:1 Ila~l~al~o~~ t ‘catt*r of tlrc IYrliwrsitJ, of \~f’iscor,si~~~ 
hl;t~liw)rl. 11 1~~1s liwn in q~fqxtio:l ah a 5~Iivhr~otfm r;tcli;i- 

l.ion soiir(‘f’ airlc,c- l!Jf.‘, with average ;~cc~c~lwai.r~l currerlts of 

almu 200 rn.A.[l] It had hwr1 silsprcttvl illat t.hc: licad-tail 
<liiltlpill~ rllc~r~tlnnisrll is O,,<’ 0: t hv rCit%,I. All 7 hf’ iIllo:lialoll\ 

faht stac,kirlg rat.c whivh 1~3~ ~\lndclill l,<a ;~l~lv to ;ic.c.urrxtllatt. 
r1:0w than 200 rnA.[2] It is u~derstix~l t!~at i \vhc4ilcar !,hp 
twant will hwtl tail damp or not,, is d~~pmdv~il on tlw wmpp 

titicui of t.klls I.arlciul tiitllrpirig tdTtd[3 ;ir~~l I hv albilitg of t,hc 

lwam to pdwrn it cwhcwnt moti0lt. ~‘1’1 ie rrawon for thni is 
k il,iSI’ tliat tlw llc~:i&tail c!a~~lpilrg ( or instability] is it ~‘0 
hriwil (lazripinp, (or instal)ility I imd t ht- I,i~ii~la~~ cl;ir~lpir~g )I;IA 

tlit, c’fft-ct of prf~v~‘rlting the lwitnl front ;tswlllt~liri,g it <,<blic.r,*lit 

i:i<>t i<,li, 
‘I !I(> irljr<.t:oIi +a~irxrgy of ~1lil~l~l~11 i”: 1 I)$ nl~?L’. ‘I‘ii,lt III(‘:III~ 

t,tt:il at t II<, irijrd !CI~I vritarg;;. 11 ,ulfts~ II i: 1<,*;, “t”r’(‘rl’ ,<,,l t ‘;‘I’ 

pine; prohlrrn[4], whirh in : L:I‘I~ providi~ a \rry htr0ilg I,i~i~dili~ 
tlir~lil~i~lp t%iff*13. 51. wwi tholigh, t,lbv thror~- cl~;irl:~ j)rr.tlii ts 

! hat t I.cm< \cil! hip head-tail darnping whtxri ve o;x~ratc~ ttl(L 

113;1(~111nv 41 I”ji tlve c-hrorr1;iti~it!-, ii ii rc~i111~ 11~~ir~s7;~r~~ try ~10 

ill1 I~\p”“ilrirwl,rl StlNl:;. ‘l’lw h~‘3d-tRil rlaltij”ltg ha? twcq ,,I, 
3-1 vml irl Sf’lC;\I< [>I. tj111 c orr~par~d to t,tiv Ci~‘itx \vhicll IV<% arc’ 

illit~l.t-lf~cl ill I,t,rc.. 1 hat % /joI II d higIl vrwg~ ;LI!CI 2 !ligil i”lr 

rt~llt TH?1(‘. 

2 The calculation of the damping rate 

‘lo cct:l1plc~lc4~, tl<~cr~hc- t,h:, h*hac1-t ail i:~sial~liit\ or cl,ut~~~irq. 

&vi’ 11~ I Iifs s~~~~~~rp~~s:t ioli c,f a ~oinplt+r~ w1 OF or! h~~ni,rll~i~l 

fiiiictimis tc~ ilwc~rit~r~ tlie> lwarri mot im[ri]. I:arh fllnrtiori rt’l) 
rrst-rits a mdt~ cd Itrotiorn III t hv raw in \vh:c,tl \vv arr inter- 

i&VI, t lli’ illjd<Vi 1WAIll I~xlY~lttr~s il &~V~l~~ IllllCl<‘, ><,I KC OiIl,I 

wnsiil~~r t,hr dlpol~h 1110dr in 1 hv followiil~ diiclwioll. 
‘I hI% $vrlrTal I.<%lllt of thv 11<~<1<1 tail Il;lIri~‘IlI,c; rnic~ \ViLZ <I<‘ 

I i\f4z(l I);< S;~i%c~rc~r~(i] +Lti~lg t hc modi~ nillll~r~~r 111 rv~~~il tc) 

7<arc, j xlilbc~li* :11(1slf3 ), IV<- ii;r!v> 

fh?ripl”q rtrfr -- + 
p- ‘I, 

,,~,i c I?(‘{ ~L[(l) 4 I’, Ld}hi,[il)-t If,Lb 
,p:-x 

(1) 

‘Work sul-‘pomd by NSF thl-ougll SRC 
**(‘urrcnt address : SLACK. Bin 66, I’.0 ISor; 4140, Stanford, 

<‘A 94309. supponcd by DOE through SI.AC 

ICI ciJ58.Q. I !SA 

wlww I is tllfs l)u~l(.h currl’lit, (T: i. tiw ~JUII(~II lt~r~gih, b: is tllcz 

I Will1 I C’rIf’~q~. u1,3 is t hc* al:glllar tvi at t-on owill;lt ion fr.tvl”f‘[‘c.!-? 

izo iI: 1 II0 illl~llliLT rcvo111t ioll fl~~Y~llc’Ilc~~, -‘t -:I ‘,r”of i j c-;~:Ic,~~ t }lc- 

r!lrt~lt ai i( it>, frc~cjww<~~~. 
0 

Rc [Xl.. is t111, i.<*4l 1~11 ,,I tlic, t riuib 
vt’rw irnlwilarlw, md 150 ix t hr 2tw) w&r Flvrltiitv furlr-1 i0.l 
witll the nrw~alizatiun Ciz?x /ro(p+) := 1. 

‘I‘he t ransvcrsc hroarl band iillpccianw of’ .Il;itidiil js valc~~ 

lat (4 1’1.OTll the n~f~ilsluYY1 \.alw of ;: 

f0rmr11n[8] : 
,f -- 1: 1![7] t>y t,tll’ li~lloivin~ 

z1 (&) _ !‘1’-.._ w7L(d~~+‘~ -_ 
h’ I + l[(d/L+) - [&j&t)] 

(L’l 

wi1f~i.t’ Ji k thr avrbragr radius of the sturagrs rir:g (~-~~c,r~ll~il’l.c’~l(.l’j.)c. 

1) is tlict typical vacuu,ll pip radius, and u’I is t h!, rf’Sollatl(‘<’ 
fwqwl1cy of the, VaClluIlt pipe. I>igure 1 ~ho’ss t Ilr rf’itl par‘ 
anal thfb illldg:ltar,$- I>nrt of illfs I,rimil h:ancl trdn<vtyyc* iii~;~t~,li~~.~.(. 

of Alarldiri. 

1Clhm currlpari~~g t hP nlr’asured rcwllt uit11 thus I Il<wry. v,t* 

t’an me Eq~~ation 1 and ask t hr cor:~putc~r tn dcb tlirx SIIrIlTI~at ic)ll 

to the* tmm whew Atlwr t,hr inlp.~l;~r~c~~ got-s to XCTO or hut& ~I 

g,ws lo wr0. We ran also IIFC-’ th long 1~11~tcl~ lcanqt h d[~i 

small chronlatirit~ approxirriation. In tiw raw rrliich we arc’ 
stuslyiitg in Aladtlili t tlat is a vc>ry gw,rl aPi)r”uirli.ltic,:l. I- :iti<,r 
this apl)r”xirrlat.jor:. tlw irnprtiancc~ in ttw frvqu~~[~cy raI3gy (,I 

intcwst c‘an br lin~~arizc~tl. Afttyr wl)l;tc-irie, l.tl<b stilxllrL;tt i011 i,? 
an intc’gridioll and iift,w sonic rllaniplllat i(vlli. wc g*‘t ii nii.c 
s:illpll~ for~IIIl:l,1 : 

/k!:llp!nll ,.,ili 
2 I I % , (]f 

“tT,f:‘t&,<, 
(:I) 

it 1tw~ ?Tici ii tl1cy rciil l)art itf lllgi 1 rHI,SvPr’t’ lIli~w‘iillll~r’ ;it 

tilt’ r<‘st~ll:irll Erw~““n~~‘. allli 0 iz I Iif> lllc,lIlr~lll 1,111 i~,~Iii:,;li-t ii,,) 

I’rom I’21~lat.i~Jrl :3 v,f’ can wt’ that tli<b tlamrbing r;+if, i< prc>;>c,~ 

I ional to tlic, lic~,iir~ n3r3‘4331*. 7.,,. illi~l I hc (~liri8Irl;~ticil!~. ilqil iy 

a 10 20 30 40 50 

Frequency ( x 100 MlIz ) 

Flgurr 1. The broad band tnnswrse ~mpwlance of .Uaddln Tlw 
‘i ’ CUW~ ia thP sp~rtrurn of ho whirh is a puasiar: distrlbnthn 
and the ~rntral frcq~~rnry is the rhrumawity frrqwa-y + IL thj, 
figure, cd: = 0 0.56 GHr. ( = 0 5 
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i~lvc~rs~~ly Newport ional to t,he brarn w~c~rgy and I)urlch lrngtl~ 
t’lorr! P‘ig. 1. we sw that. thr linear dq~mdc%c~~ of i!lt, cJil.0 
Illil!i<.it4 iTI I’q1lation :1 is true onI)/ k)r thrb slnall Chr0rllAt iCit> 
dl)l~ro~i~iiatiot~ Figure 2 shows ttic rhrcbrrlat ic,it.y dt,l~(*~~~l~~n~-~~ 
<,I’ t tit, tlijnlpi:lg rat<> which is c.;rlcnlatwl from Eguatic~: 1 1)). 
pwh7rming tht, summation without ally npproximal ion. W(* 
s HII ~(v t ti;tt. 1.11~~ ~~~081 li~i~~;!~. Oty~~~n~lt~~~v~* i’; us> to chl-o:11;~ti:-it> 

Chramatlcity 

F,gu:e 2: The chromaticity dependence of the damping rate ob- 
tuxd by performing the summation in Equation I for the param- 
ads of Aladdin. Ln this plot the bunch current is 2 3 mA and III-- 
bon< h length is 1.5 meters. 

3 Experimental set up 

l‘l14~ 1neitwr!:nu=nt s w-w ~riiilic~ C’II t!w Ala.ddir! storage ring 

rllnning ;it injection mwgy 108 hlcV and in a single bllnrh 
r~r,Hlt~ which WHS Ir!illlP l)y IlSill, (T l,h~ 111’ k!loCkorlt frrqu”n’> 
to knot,k out, t hr u~lwar~ted 14 hllnc.1rc.s. 0~~ of thr injrv-tot 
L;~,kc~.c is uwl to Kirk ihr, stowd bci~m. Aftvr thv kick di0 
C,III t/Its twam will c~secute a cohcrm: frw Getat.rr)ll c~wiliaticvl. 
:2 !,illgic i0 n terminat,rd hrarn position monitor ~~lrctroci~~ i< 
~~r~~iiw~tc~l 10 a p1Ulsr strrtrhc!r. It is Iwc’rssirry to lc~li,f!,t hem tlu, 
L’ 11s I)~inrh !c~rigth to abwlt 100 11s for !t!tl pt1rpow of digitizing 
tilt, :ig7ial .9 I)ii.iri I’rc~risioii fi1100. \vli;c~b c-an tiigiti:<r it h!gll,lI 
ill I(1 riz. is uxc4 t,o digitiw and stclrr t,hc t)tralli po5iliorl on 
rvcqy~ rc~volutic,lt for lo,OtX) ~UI.IIF. ‘I’hr insi rurllcwt is t riggwc-cl 
rigk.1 l)~~forp NY’ fir<, thv kicktar arid rlr~kc4 11y ihfs r-ing rrlast~ 
r,sc~iliator. ‘I’hc ilnta is tliw transfwrml tcj a \‘:YC 7Ybl) fol 
itrlal~~k 

fhr signal rweivt~d fl-orn a heam posit ion picklll) ih 1”0p<~ 
tio11a1 lo the displacc~ment of the rrrtt,cr of charge (or mass\ 
of t lva whole h1lnch of c~lectrons. If instcwl of cohtwnt darlip 

illi;. flit. lwil~n is tlwc:~hrwrlt I wf will gt.1 d rtaelrlrrd ;~.rrll)lit 1!:11, 
tedr11 pocit ion signal. ‘I‘hrrrfort~. to (list ingllish whc~t.h~~r the. 
lwit~ii ih collt~i.c~rltl> climiping dmvf~ or is d~~cohrrrnt, wt’ IIfafvl 

ri \~wlu [profile nlwiit~ll The s~nc.hrotrun radial ion cvl:ittl~i 

by t htd 1wa111 at ii lw~i~li~~g inagn(‘t. alicl an opli(.al syst<~tn is 
i:srvi ft,r 11~11 1~uq>cw. ‘I’llc~ OJ’l,ll‘d 5~~tPTll inc-lliJt~h i, ])ifl 111o:v. 

a pip, au acljustal~lc slit and, a photoi Inultiplivr t,rlhr (I’11 
t 111w) followed t)~, a prri- aniplifi(%r. ‘I’tlcs s~irlcllrotrorl rilrfi;lt ioll 

sigllhl from thr PM tub is then fwl iiitm a ‘Itktmiix iS3 t 
Stor;lgt* ()s~illc,scol3~~ which is also t.rigp,wwl right lwforv ‘rl’l’ 
firy t]lc. kicker. Fig:lw :3 is a schwrlatil~ drawing Of 1 tici se1 !lJ’ 

fi,i- rllmcrlrwnent of thcb lwad-t ail daillpine( rat<‘. 

4 Data treatment 

‘I‘hv data picked up from tlw twalrl position rrionitor ca1cc.t roO+~ 
cmltaills all sorts of IILI~SC. If we calrulat~~ thr tiaml)lng rat<- 
11). tlw rc’i~lt of a dir& hram posit iolt signal arril~lit udc tnv~* 
surtwlc.lltl t11c. nuiw will rnakr tlit> (‘rror liar of t 11~ ilarripiil;: 

EXPERIMENTAL SET up --.-- 

5°C 

S,RlP 

,lNk 

,D:iiMt DFll\‘l 

PWPHOlO MULIIPLIfR 

F‘ip:re 3: ~1 srhi’iriatir. draw,,,ll. of the e\p.~r,m~,,~.i, ,iii ,yp for ,),r 
h<-ad-tall canll)ing rir(p I:IP~~UW~I:II.III 

rate t,<‘(.Oille ‘*c’rS’ I,1rp This lillid of nwrls~ic~~nic~~t i3 tllcs ho 
called time domain mCa.surwnent Figllre 4 is one of ! hc, typ 
ical data in the tilnc= domain. To improw that. WV do this 
~nm.surrnwit ill the frcqurncy dornnin. This was dew by the% 
software. A program was writt,m to read the data in the times 
clorl~:tin md divide tht- data into somc~ srnallc~r sc~glrll~nt 5. 6k.g 
each segment contains 500 data points. then do a FFT of each 
wgn~~n~. ‘I’hc program tllcm tlettmnir~r~s the nrrlj)lit 11dta of tlw 
fwclucncy in \vh:ctl wc are intr~wstrd i.!,. thr hrtntrnn im-il- 
lation f’rcy1~cncy. ‘l’ti<~ claIlii)irlg rcitr wi*s got tb;; liniwing tlic, 
changcx of UII~~III ildt~. IIy usitig tlltx soft wart* to ~10 tills ilbxil 
surcwcrit in I hr frqllPncy domain. lhc* acrurxc’y has at lv;~~t 
Ji?l~li ilI1jN,iv~Yl G!‘ H f;ti.tttr of 5 

cc --_- / [ I I / 

t h 

, , .‘-T-‘. 

2 
: O’ 
D 
3 il -,,i,- 2 [ f -48; ~~~~~~~ 

s ; 
$ + I 
e -‘“k.. > 1 j y_L..L L.i.-. ‘ A A 1.. A d i -4 

0 1cs.l 2m 3M? tall 6M 
Tarns 

Figum ,I. Typical pickup signal dnts 

5 Results and Conclusions 

l’iglirc. .7 bl~mcs tli<s 16vllt lif t.hv 1iil*i1~.111’1:1i.:1t of tli~s ( 11rr1.111 

ticy.~~ld~wcc c:f t tw tll*a&t a11 tlnnlping rate‘. ‘I‘twy agrc~r~ 5% Ii Ii 
l.ll(* t 11(vrx i~re~ll4.t ioli ijui(r wc,ll. ‘l’ti<h 5yr!t~llriil IoIi r;!Tliit: //I11 

signal collfirrns that the dccw;tscs of t II? oscillation aml>lit u(lr 
of tlw twam 1105ition signal is wally coticwrrt clalliping, ilot 
tiecohel~ent. t:igurc- 6 is the pirturm tnkc%lL fro!li tIlta storagca 
scu1.w anti Fig 7 is tiiv plot7 of a sirnul;ttion wstllt for 1 tlv 
sjinclirc~tron radi;itis>li signal ‘1’21~ top pirttlrc’ a1111 i)l0t arc 
tiw rwillts for tllc, cchcrcnt dairipillg. ‘I‘lle I jot t 0117 0rw-i art- 
thr rcwiit~ for cla~cobf~rfwcc ‘l’hc 4gr1al c-on)inL’ ont front 1 tics 
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t ,$Ul- z ‘I hc m<‘;rs~,rw,wrt of L!i? CUrlwit i!epwldwt~ or th‘, 
daM,p”K r it * Th<; lint, ,i ,mi,rt~d hy tbs. tl cur! 

Phi tlllw is a ~~cptivc- pi pal. fkfmY WC kick tt1c 1XWII. a11 Of 

the syrlclmotroll ratiiation gws through thca pin half- and the 
slit. ‘I hat. IS v:hy Itlerc~ is ii big sig1131 i like a spikt> ) at ttll‘ 

twgir:nirl~ ,Afim we’ lilt-h the bcarn. if thr twalrr is tkucvnting a 

nbt1t~rr~i.t lrcbt;rtr<,li i~~~'ili&tiOll ailti Ill<‘ osciIlnt.ia)ll arrlfblitllclt~ i3 

tiarxipi!lg down hecause tlw signal showing up utl the storagc~ 
SC’O1iC~ i< ;lctrlall~~ iin ca\‘c’ragc L,\‘?T A tInI* of 5omc lwtalrorl 

osrillatkm*, tli~- sigr:al will t-q$ll to iucwdw ( Dile to tlLc% 

nqat iyc signal caf t tic I’hl lllt~c, it. gcsts 1ncw’ ncgdtivl>.) 011 

the ot t1c.r hanrl, if the hc*a111 ckcohrws after R’C pjw a large 
kick, the barn smrar and t2Lfb henrrr size hrcolrw very larg?. 
Only, a srmll ;liLrt of t tic total sy1~1~hf017.~~r~ radiation (‘a*~ go 

through thrx $11 hoi~ and the sli! 1 ths, tllc, signa! stays snli\il 

ii!ld drws not 1*11‘r(‘<a2$r’. 

‘L’hr ~~wa~:r~~~~d dnnlping rate ngwc ntail with the tlwcrry fw 

ti1r cllrrt~llt alKl~.Y 1.; rr1A. TIowrw~r. \vtlwl t 2w 1rcv\ni l-~1l’lY’lii 
go~‘s l!c~li~iv 0,s ml\ ‘I:‘<’ c-an co lI1ngf’r Yf’<l tlw , (ttiwTllt diilllj) 

irIg lvtla\~brr frY,rr. I II/~ f’hl t Ill,<, LIgl,.ll (‘1‘!1,* t mot tllrll pid III F’ 

in b‘ifi. 6 is ItIc, c’a.st- foi- f -.- o.ti’, rn.~A ) It s(‘<mii lhnt thch 

f,aridali rlamylillg did IS I.00 stro*ig to Id ttic* twanI iit this 
cilrrcv~t lwcl Iwrforrn wLcwrll mot,ion. Swkixg for somc~ roof(7 

rvidt~~~ct~ for thk. \vr c-hi~~i~~~l thca c~lin):ri;rticity t,o a ~~qz,ativc~ 
\alilf~ \t 0 ,< 111.2 l,i~;tni 1’11rrt~rit. \vc.cl.cl 1101 bf‘c’.i*~y ir,st;tl,ili:>,. 

‘I’liii aqa.in ~o:lf~rrn~ that ;ti 0.S ii.;1 l~~ilnl c~~rri~ilt (11,. I,a~rdill~ 

tl:ilrlpirlg r,fYtvt i+ 51:~1n~,c*r than t:ckacl t;~~l n~hvim~t 11111li~irl 

6 Ackonwledgment 

TIlta illit ticbrs vr’:lI~l t.0 lll;ink t tlfl Sllf’ opvri~l’c~i~ I?;pui~j for llrrail 

t, %I .( p wit!1 t tli. Iilifv$iri~~ ~~XINTIIII:~I.~S. 
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