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AB S T R A  C T 

In  th e ex peri men tal  st udy of  ac cele rat or ph ysic s, a tu rn
by  tu rn mo nito rin g of  th e be am pr ofil e CA N pr ovid e
ve ry un ique  in form ati on.  In  th is pa per,  we  pr opos ed a
me thod  wh ich ma y me asur e a tu rn by  tu rn el ectr on
be am pr ofil e th roug h it s sy nchr otr on ra diat ion  by  us ing
a fa st ph oto- dio de.  He re, we  ut iliz ed th e no n-li nea rit y
of  th e re spon se of  th e ph oto- dio de de tect or.  At  hi gh
ph oton  in tens ity , no n-li nea rit y oc curr ed du e to  th e
sa tura tio n of  th e de vice . In  th is pa per,  we  wi ll pr esen t
th e th eory  an d th e te st ex peri men tal  re sult s. We  ha d
ex amin ed th is id ea by  us ing a mo dula ted  He -Ne la ser
to  si mula te th e sy nchr otr on ra diat ion  li ght.  Th e re sult s
ag ree wi th ou r co mput er si mula tio n re sult s[1 ]. Bu t th e
ph oton  po wer in tens ity  of  sy nchr otr on ra diat ion  in  th e
st orag e ri ng of  TL S(Ta iwa n Li ght So urce ) is  no t
su ffic ien t to  sa tura te th e ph oto- dio de as  wh at we 
ex pect ed.  In  or der to  ut iliz e th e id ea on  th e sy nchr otr on
ra diat ion , we  us ed an  ex tern al li ght so urce  to  sa tura te
th e ph oto- dio de an d th e sy nchr otr on ra diat ion  be  th e
pr obe be am. In  th is pap er, th e th eory  an d th e
ex peri men t of  th e ab ove id ea wi ll be  di scus sed .

1.  INT RODU CTI ON

In  ma ny ac cele rat or ph ysic s ex peri men ts,  e. g., th e
co here nt da mpin g ti me me asur eme nt an d th e dy nami c
ap ertu re st udy ex peri men ts,  we  li ke to  kn ow to  th e tu rn
by  tu rn va riat ion s of  th e be am po siti ons . Us uall y, it  is 
ac comp lis hed  by  th e bu tton  ty pe or  th e st rip li ne ty pe
el ectr ode  be am po siti on mo nito rs (B PM).  Ho weve r, th e
me asur eme nts  do ne by  th ese ty pes of  BP M on ly ga ve
us  th e in form ati on of  th e po siti on of  th e be am ce ntr oid. 
If  th e be am ce ntro id mo tion  co mbin ed wi th th e
de cohe ren ce me chan ism , th e BP M wo uld no t be  ab le
to  di stin gui sh th em. Th at me ans th at by  us ing th e BP M,
we  ca n no t di stin gui sh th e co here nce  da mpin g or  th e
de cohe ren ce.  In  or der to  di stin gui sh th em, we  ne ed to 
mo nito r th e be am pr ofil e, si mult ane ous ly. Fo r le pton 
ma chin es,  th e sy nchr otr on ra diat ion  pr ovid es a ve ry
us eful  be am pr ofil e in form ati on.  Ho weve r, to  pe rfor m a
tu rn by  tu rn be am pr ofil e mo nito r, we  ne ed a ve ry fa st
de tect ing  sy stem . Fo r th e sp eed re qu irem ent  we  ne ed,
th e co mmer cia l ph oto di ode ar ray an d th e fo llow ing  up 
el ectr oni c sy stem  is  no t av aila ble  ne ithe r a co st
re ason abl e ap proa ch.  In  th is pa per,  we  pr opos ed a
me thod  to  mo nito r th e be am pr ofil e by  us ing a fa st
si ngle  ph oto di ode. 

2.  THE ORY

Mo st P- N si lico n ph oto- dio des  ar e li near  (b ette r th an
1% ) ov er a wi de ra nge of  ma gnit ude  of  th e in cide nt
po wer [2 ]. In  li near  re gion , th e to tal ph otoc urr ent  is 
in depe nde nt of  th e in cide nt ph oton  be am si ze as  lo ng
as  th e to tal po wer is  th e sa me. At  hi gh ph oton 
in tens ity , ho weve r, no n-li nea rit y is  in trod uce d du e to 
th e de vice  sa tura tio n. To tal ph otoc urr ent  in  no n-li nea r
re gion  no w is  no t on ly de pend ent  on  th e in cide nt to tal
ph oton  po wer bu t al so de pend ent  up on th e ph oton  be am
si ze. Th is me ans th at in  th e no n-li nea r re gion , we  ca n
ge t th e ph oton  be am pr ofil e in form ati on by  me ans of 
me asur ing  th e to tal ph otoc urr ent . A de tail  di scus sio n
ha s be en pr esen ted  in  a pr evio us pa per [1 ].

3.  EXP ERIM ENT S an d RES ULTS 

We  us ed a He -Ne la ser to  si mula te th e sy nchr otr on
li ght.  Th e se tup of  th e si mula tio n ex peri men t is  sh own
in  fi gure  1.  Th e po wer of  th e He -Ne la ser is  1. 33mW ,
wh ich is  su ffic ien t to  sa tura te th e ph oto- dio de.  We  us e
a fu ncti ona l ge nera tor  to  mo dula te th e He -Ne la ser
in tens ity  at  fr eque ncy  of  1M Hz. Th e mo vabl e co nvex 
le ns is  us ed to  ch ange  th e in cide nt ph oton  be am si ze.
Th e ph oto- dio de (P IN10 DI ma nufa ctu red  by  UD T) is 
ne gati vel y bi ased . Th e ou tput  of  th e ph oto- dio de is  th en
ma gnif ied  by  an  am plif ier  of  ga in 14 7V/V  wi th ou tput 
re sist anc e 50 ohm. Th e CC D ca mera  is  us ed to  me asur e
th e la ser be am si ze. Th e re sult s ar e sh own in  fi gure  2. 
In  th is fi gure , we  co mpar ed th e re sult s of  tw o di ffer ent 
bi as vo ltag e, i. g. 0. 3V an d 0. 828V .  We  ca n fi nd th at
th e sm alle r bi as vo ltag e ma de th e sa tura tio n ea sier . We 
al so fi nd th at th e mi nimu m po wer in tens ity  to  sa tura te
th e ph oto- dio de is  ab out 0. 3325 mW/ mm2.
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      Th e to tal ph oton  po wer of  th e sy nchr otr on ra diat ion 
in  th e st orag e ri ng of  SR RC is  ab out an  or der of  10 -2 

(mW ) at  si ngle  bu nch mo de, wi th 1m A be am cu rren t .
Th e ph oton  be am si ze is  ap prox ima tel y th e sa me or der
as  th e He -Ne la ser we  us ed in  th is st udy( ~0 .28- 4mm 2 ). 
Th us th e po wer in tens ity  is  no t su ffic ien t to  sa tura te th e
ph oto- dio de as  wh at we  pr edic ted  in  fi gure  2. 
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Fi g. 2 Pl ot of  th e ph otoc urr et vs . in cide nt ph oton  be am
si ze fo r tw o bi as vo ltag e, 0. 3V an d 0. 828V .

Fi gure  3 sh ows th e si gnal s of  th e ph oto- dio de as 
sy nchr otr on ra diat ion  in cide nt on  it . Fr om th e fi gure  we 
se e th at th e ph oto- dio de ca n de tect  th e re volu tio n
fr eque ncy  of  th e el ectr on be am bu t fa il to  se nse th e
be am pr ofil e ch ange s. Th is is  du e to  th e lo w po wer
in tens ity  of  th e SR  as  me ntio ned  ab ove. 

Fi g. 3  Th e r espo nse  of  the  ph oto -dio de as the SR of the
st orag e r ing  in SRR C i mpin gin g u pon it

To  so lve th is pr oble m, we  us ed an  ex tern al li ght
so urce  to  sa tura te th e ph oto- dio de to  se nse th e be am
pr ofil e va riat ion  of  th e SR ; Th is va riat ion  in form ati on
in dica tes  th e dy nami cs of  th e el ectr on be am in  th e
st orag e ri ng. Th e se tup of  th e sa tura tio n ex peri men t is 
sh own in  fi gure  4.  Th e po wer of  th e sa tura tio n be am is 

1. 09mW  an d th at of  th e pr obe be am is  th e sa me as 
be fore .
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Fi g. 4  Ex ter nal lig ht satu rat ion  exp eri men t se tup 

Th e co rres pon din g be am si ze vs . th e di stan ce
be twee n th e ph oto- dio de an d th e co nvex  le ns is  sh own
in  fi gure  5.  In  th is ex peri men t we  us ed an  an ti-
re flec tio n co ated  co nvex  le ns wi th fo cal le ns 17 cm. Th e
re sult s of  th e ph otoc urr ent  we  me asur ed ar e sh own in 
fi gure  6.  We   fo und an  ob viou s va riat ion  of  th e
ph otoc urr ent  wh en th e be am  si ze wa s ch ange d. Fu rthe r,
we  us ed fi lter s to  ch ange  th e po wer in tens ity  of  th e
pr obe be am. Th e re sult s is  sh own in  fi gure  7.  Th e
mi nimu m ph oton  po wer ca n sa tura te th e ph oto- dio de is 
ab out 0. 06mW  at  th e be am si ze of  0. 28mm  th at is  ab out
th e sa me as  th e po wer in tens ity  of  th e SR  wh ich we  ar e
go ing to  us e.
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Fi g. 5 Th e co rres pon din g be am si ze vs . th e di stan ce
be twee n th e ph oto- dio de de tect or an d th e
mo vabl e co nvex  le ns.
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Fi g. 6 Pl ot of  th e ph otoc urr ent  vs . ph oton  be am si ze,
th ree ki nds of  bi as vo ltag e wer e pr esen ted  (T he
po wer of  th e sa tura tio n be am is  1. 09mW , wi thou t
mo dula tio n, th at of  th e pr obe be am is  1. 33mW ,
1M Hz mo dula ted  by  a  fu ncti ona l ge nera tor )
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Fi g. 7 Pl ot of  th e ph otoc urr ent  vs . ph oton  be am si ze, fo r
th ree  pr obe be am po wer.  (T he bi as vo ltag e wa s
1. 175V . Th e po wer of  th e sa tura tio n be am is 
1. 09mW , wi thou t mo dula tio n. Th e pr obe be am wa s
1M Hz mo dula ted  by  a fu ncti ona l ge nera tor )

4.  DIS CUSS ION S

Th e re sult s fr om th e la ser be am ex peri men t pr ove
th e fe asib ili ty of  th e id ea we  fi rst me ntio ned . Th at is ,
we  ca n us e th e no n-li nea rit y of  th e ph oto- dio de to  se nse
th e be am pr ofil e va riat ion  in form ati on as  lo ng as  th e
to tal po wer of  th e in cide nt ph oton  is  th e sa me.

In  th e si ngle  bu nch ca se, th e SR  po wer in tens ity 
is , ho weve r, to o sm all to  sa tura te th e ph oto- dio de as 
ap plyi ng  th e me thod  fo r se nsin g th e el ectr on be am

pr ofil e ch ange s in  th e st orag e ri ng. To  so lve th e
pr oble m, we  us ed an  ex tern al li ght so urce  to  sa tura te
th e ph oto- dio de fi rst.  In  th is ca se th e ch ange s of 
el ectr on be am pr ofil e ma y be  de tect ed  al thou gh th e SR 
in tens ity  is  sm all. 

Fu rthe r, we  wi ll se arch  an  ab sorb er wh ich ca n be 
ea sily  sa tura ted  by  th e SR  fr om th e el ectr on be am. Th e
mo re th e ab sorb er is  sa tura ted , th e la rger  th e
tr ansm itt ed SR  is . Th e di ffer enc es be twee n th e
tr ansm itt ed SR  of  di ffer ent  po wer in tens ity  ca n th en be 
me asur ed by  th e ph oto- dio de op erat ed at  th e li near 
re gion .
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