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THE PRESENT SITUA TION AT ADONE,  FRO �\l THE POINT OF "VIEW 
OF T HE MAC HINE AND OF THE EXPERIMENTS . 

V .  SILVESTRINI 

I .  MAC HINE . :-
As all of you know ,  a beam was fir st  injec t e d  into Adone at the 

en d of 1 9 6 7 :  more than one year aft e r ,  no experiment has yet been peE:_ 
forme d .  

This i s  due t o  s om e  unexpec t e d  probl ems whic h ro s e  up in m a ­
king the mac hine work : although this s it uation i s  not n e w ,  b eing i n  c om ­
mon with the fir s t  o peration tim e o f  any new acc elerator ,  the dead time 
of  Adone appears  to be some what longer than usual .  However, we must 
remembe r  that s torage rings are still a field of investigation.  The radi� 
tion damping c ompell e s  the beam densit y  in the s e  mac hines to very high 
value s even when the total c irc ulating c urrent i s  of the or de r  of a few mil_ 
liamperes :  as a c on s e quenc e ,  the beam bec omes instable ,  the  instabiliti e s  
being in gene ral o f  a c oherent natur e .  

A lot o f  work has been c arried out during last year a t  Adone,  in 
:parallel with t he work performed at ACO ,  in order to under stand and ove£_ 
c om e  the instabilit i e s : my impr e s s ion i s  that most of the problem8 are 
now unde rstood,  s o  that experiment s  will be abl e t o  s tart s oon . 

Sinc e t h e  mac hine experts among you are c e rtainl)' familiar 
with t h e  s ituation of Adon e ,  and the ofu e rs  arc pre s umably not imere sted  
t o  detail::: , I will give i n  the  following only a sh ort s ummary of what s eeni s 
m::>re relevant t o  m e .  I rec all that I am not at all a mac hine expe rt :  I am 
talking about work perform e d  by the mac hine p8opl e , and about which de ­
tail e d  r e port s  are or will b� s oon availabl e .  

Three main kin ds o f  instabilit i e s  wave been observe d i n  Adone, 
i . e .  

a )  pha s e  instabiliti e s  
b )  t rans ver s e  betatron instabilit ies  
c )  beam- beam in stabilit ie s 

'�h e  s o -c alle d  r e sistive . wall instabillti e) 1 )
, already obs e rved 

in the e - e - Prine eton- Stanford ring, are expec t e d  t o  appear at  a c urr ent 
hi gher than the design one . 
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a ) - Phas e  instabilit i e s ,  -

The s e  are c oher ent s ync hrot ron o s c i llations of the bunc h around 
the s ync hronous pha s e ,  and appear to be part ic ularly i mportant as more 
t han one bunc h  i s  pre s e nt in  the mac hi n e .  Their theory has been de velo 
ped by Littan e r ,  Pell e grini , Sands and Tow:>chek( 2 ) :  a s i m plyfi ed ve r::: i-;n 
c an be found in  the paper pr e s ent e d  by F .  Amman t o  the Wa s hington c on ­
fer enc e a fe w day s  ago( 3 ) . 

The instabilit i e s  are due t o  an int e rac t i o n  betw e e n  the  beam and 
the R .  F .  c avit y. Pro pe1 tuning of the c avity c an avo i d  the s i ngle •�Unch 
osc illat i on s ,  while  the m ulti - bunc h pha s e  osc illat i ons c an be st abili z e d  
b y  dec o u pling t h e  bunc h e s  t hrough t h e  in e: e r� i on i n  t h e  mac hine o f  a s mall 
R .  F .  c avity,  working on an armonic of the re vo1 ut i o n  fr e qu e nc y but not 
of the main H . F .  fre qu enc y. A st abl e beam up to a t ot al of 1 5 0 mA in the 
three bunc h e s  has b e e n  o bt aine d in  this  way in  A done . 

b )  -'- Trans ve r s e  betat r on inst abilit e s . -

They s how u p  both a s  radial and a s  verti c al c ohe rent o sc illations : 
the i r  phe nomenology appe a r s  t o  be c onnec t e d  with the struc ture of the va ­
c uum chamb e r ,  and i s  ther e fore differ ent in  s ome points from mac hin e  t o  
mac hine . 

I quote the main fe at ur e s  of the instabilit i e s  o bs erved in  Adone : 

- the thre shold beam int ens it y  at whic h instabilit i e s  appear was 
obs e r v e d  t o  de pend o n energy a s  shown in  F i gs .  1 and 2 . 

- The instability affec t s  e ac h  bunc h inde pendent l y  of t h e  oth e r s . 
Whe n  more t han one bunc h i s  pr e s ent in  the rnac hine , the thre shold for 
inst abiliti e s  in a bunc h is i n de p endent of the  c urrent in the  othe rs . Acc o!:_ 
dingl y t o  weth er or not bending e l ec t ro stat ic elect rode s w e r e  pre s em in  
the  mac hin e ,  the thre s hold was ob s e rv e d  t o  de pend on the longit udinal 
density in  eac h bunc h  ( i / l )  or  on the c urrent it s elf.  

- The c e nt e r  of m a s s of the bunch is involved in  the instability.  
- The rai s e - time is  o f  the o r de r  of 1 0 0 m s ec . 

The idea o f  int e rpreting the s e  instabi lit i e s  a s  being due t o  an 
head -tail  int e raction of the ·partic l e s  in the bunc h (e r e ge n e rati o n  mec h:?:_ 
n i s m e  being provi d e d  by the s ync hrotron o s c illat ion mec hani s m )  i s  due 
t o  C .  Pell e grini ,  M. Sands and B. T o u s c he k : a detailed theory has be e n  
d e velopped by C .  Pellegr ini ( 4 ) . The damping mec hani s m  o f  the s e  insta ­
biliti e s  a ppears t o  be the Landau damping : due t o  the non - line arit i e s  (oc::. 
tu polar t e rms ) in the machine,  the betat ron fr e qu enc y of e ac h  part ic l e  
depends o h  it s betatron c o or dinat e ; a n  osc illat ion whic h starts a s  a c ohe  
r e nt one , t en d s  t o  bec ome i nc oherent due t o  the pha s e - s hifts pro duc e d  
on t h e  partic l es b y  the beam dim ens ions . 

I t  has  ac t u ally been obs e rve d that the thre sho l d  c urr ent de pends 
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on oc tupolar terms as shown in F i g .  3 :  the a s ymmetric behaviour i s  al s o  
w ell expl ained by theory.  :vi akin g profit o f  the fact that t h e  c enter of 
m a s s  of the bunc h i s  involved in the instability, an ac tive fe e dbac k has 
been us e d  to  stabiliz e  the beam. The method appeared to  be effec tive . A 
re sonant fe e dbac k was able to stabil ize  a s ingle bunch in the  mac hine up 
t o  a c urrent of at  least 6 5 mA . A fast  fee dbac k ( takj ng the s i gnal from 
one · bunch and ac t in g  on the s ame bunc h )  was als o  succ e s sfully us e d :  in 
thi s way the 6 bunc he s (3 bunc hes  e+ and 3 bunc he s  e - ) c an be  stabili � ed .  

When the c ent er of  ma s s  of  the  bunc h is  not involved in the  in­
stability ( a s  in the A C O  c as e )  the fee dbac k stabi li z at ion c annot be u s e d. 
However, acc ordingly to the head - tail theory(4 ) , whic h mode i s  exc it e d  
depends on the c hromatism of the mac hine ( s extupolar term s ) .  Ad dit ion 
of a s extupol to  the mac hine should thus be  able to  turn the instability 
mode to  the c ent er of mas s one . 

c )  - Beam - beam instability. -

The firs t  preliminary measurement s  of luminos ity have been 
r ec ently perform ed with A done u s ing beam - b eam s ingl e brems strahlung .  
Depending o n  the dimensions o f  the beam s ,  a maximum lumino s ity i s  o� 
t aine d at whic h beam- beam ( s pac e -c harge ) inst abilit i e s  occ ur (Amman ­
-Rit son effec t ) .  The fir s t  prelim inary m easurem ents of . .O Q  (the maximum· 
allowed betatron fre quenc y shift pro duc e d  by beam - beam interaction)  give 
values in a greement with the data o btained at Stanfor d and Orsay. ( L1 Q  
"' Some 1 0 - 2 ) .  

The next st ep will b e  t o  s eparat e the e+ and e - beams ( but i n  the 
i nteraction r e gion)  in order to  obtain a c r o s s ing angle : i n  thi s  way the 
s pac e -c harge effec t i s  pus h e d  to higher c urrent value s ,  and in addit ion 
a smaller int erac tion region (few c entimeters ) will be  obt aine d. 

I would like to mention another point , the pos itro n  inj ection rate : 
without an acc urat e  o ptimi z ation of the po sitron l )eam in the Linac and in 
th e t rans port s ystem,  the maximum storage rat e  obtaine d was 2 0 0  ,:..A 
(normal rate 1 0 0 ,ll--A )  per puls e ,  inj ec ting at 3 00 MeV on one bunc h out 
of three : this allows to  r eac h the de s i gn c urrent ( 1 0 0 mA) in a fe w minut e s . 

Sinc e the major mac hine problems s e em to  be solved,  or ne ar 
t o  a s olution,  w e  expec t t o  b e  able to  get the first  r e s ults on partic l e  
phys ic s during t h i s  year.  

I I . - EXPERIMENTS . -

The preparation of the first generat ion experim ents to be  per ­
forme d with Adone start e d  some years a go .  Mo st of you are ther efore  
already familiar wit h  them ( s e e ,  for instanc e ,  the  proc e e dings of  the 
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S ac lay m e eting on elec tron storage rings , oc tober 1 9 6 6 ) . The experimental 
apparata are now ready. 

I rec all that there are seven first  generation experiment s ,  l i st e d  
i n  the following with a few c omment s : 

1 ) -· S t u d y o f t h e r e a c t i o n e + + e - � p h o t o n s . -

The experim ental apparatus c onsists  mainly of shower s park 
c hambers , with proper c ounters  to trigger . A sc hematic drawing of the 
experiment al s et -up is s hown in F i g. 4. A detailed description of the exp� 
riment c an be found in r ef. ( 5 ) .  

The aim i s  t o  explore mainly t he following r eac tions : 

a )  e++e - � 1' + o . .  The study of the angular distribution for this 
proc e s s  c an t e st the validit y  of QED for spac e - like mom ent a of the elec -
tron propagator up to s ome G e v( 6 ) . 

b )  e++e - . ...:;;i. vector bos ons ....,,. Jt 0"",f or 'Y] '¥· 

2 )  - S t  u d y · o f t h  e r e a c t i o n e + + e -
_ _,,... .A + + .fa.- -

• 

The experimental apparatus  c onsists  of c ount ers , abs orbers , 
an d s park c hambers . fa-' s of energy up to 1 .  5 GeV c an be stopped in the 
apparatus . 

A measurement of the abs olute value of the c ro s s  s ec tion for 
thi s proc e s s  allows to  c hec k the vali dity of QED for t ime - like moment a  
of the photon pro pagator u p  to  3 GeV.  

More prec i s ely, the product of a pos sible form factor in  the  ee  
vertex, in the f'-/-1' and of a pos si ble modific ation of  the photon propagator 

. is fac to ri z e d  in the amplitude for this reac tion.  

Of partic ular int erest are the det ermination of  vac uum polariza ­
t ion effec ts and of other po s sible mo dific ations of the photon propagator . 

3 )  - S t u d y  'o f t h e  r e a c t i o n  e + + e - --? p i o n  s , K a o  n s . -

Again air experim ental apparatus c on sist ing of c ount e r s  and 
s park c hambers , in order to study the pro duc tion c ro s s  s ection of mes ons 
both on and out s ide the vec tor bos on mas s e s .  

The experimental groups involved i n  experiment s 2 )  and 3 )  have 
rec ently joine d in one singl e  grou p :  using a s ingl e  experimental appara ­
t u s  they will c ollec t s imultaneous data on all of the above r eaction s .  

4 )  - S t u d y o f  t h e  d e c a y  4 -� K + + K - . -

The experim ent i s  quit e s imilar to  the one being sta rte d  at Ors a y, 
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5 )  - S e arc h for new vector bos ons . -

An experim ental apparatus  c onsisting of  four t el e sc opes ( sc int ill� 
tion c ount e r s ,  s hower c ounters , wire s park c hambers ) c onnec ted on line 
w ith a s mall c omput er (DEC PD PS ) will be u s e d  to s earc h for pos s ible 
new v ec tor bosons . The energy of  the mac hine will be modulat e d  linearly 
·in time and the rat e  for different types of obs e r 1.re d  events ( coline ar c ha!:_ 
ge d s ec ondarie s; non colinear ;  neutrals )  will be plotte d  a s  a function of the  
machine energy : a r e s onanc e must  show up as a pump in this di stribution.  

6)  - S t u d y  o f  t h e  r e a c t i o n  e + + e - � p + p a t  E + = E - = 1 0 5 0  M e V . -

The proton and the antiproton are stopped in thic k sc intillation 
c ounters : a wide gap c ylindric al s park chamber s urrounding the donought 
allows to  determine the direct ion of flight , and wide gap s park c hambers 
in each of the four t el e sc opes of the apparatus  allow t o  detec t the pro duc ts 
of · the annihilation star of the anti  proton . 

7 )  - S e a r c h  f o r  l e p t o n i c  . q u a r k s . -

This experimental apparatus , c on s isting of thick and thin c ount ers , 
thin and thic k s park c hambe r s , will be able t o  detect ,  in addition t o  po s s ible 
quarks , als o most  of  the produc ts from other reactions . 

A s  I s ai d, the experiment s  are ready and waiting for Adone . Al ­
though no offic ial dec i sion has yet been tak en ,  · it i s  probable that expe ri ­
m ent s 1 )  and 6 )  , for whic h a high lumino sity i s  r equired, will start after 
the othe r s . 

A s  far a s  a d e s i gn for s ec ond generation experiment s i s  c onc erned, 
we are of c ou r s e  waiting for the first  experiment s  to  give at least preli ­
minary r e s ult s .  

Howeve r ,  it i s  alr eady t o  b e  expec t e d  that the study o f  multi body 
final stat e s  will be of primary importanc e .  For thi reason, we have al ­
r eady des igned a large magnetic volum e,  fille d  with wide gap o ptic al 
s park c h amber s ,  whic h surrounding one of the experimental s ection will 
b e  of partic ular utility for the above typ e s  of experiment s .  

This i s  a c ylindric al solenoid ,  2 m diamet er and 2 m long, pla­
c ed with its axis orthogonal to the beam orbit , a s  shown schematic ally in 
Fig. 5 .  

The magnetic fi eld i s  therefor e orthogonal to the beam orbit . T o  
avoid strong perturbat ions o f  t h e  orbit; along t h e  donought within the ma ­
gnet two s mall c ompensation magrn;.t§.. a�e plac ed.  They generat e  a fi eld 
o ppos it ·to the main fi eld, so that .J B x  dl = 0 on the beam or bit.  S ec tions 
of the m agnet s howing the c ompensators  are shown in Fig.  6 .  

A iron s truc ture ( sc hematic ally s hown in F i g. 7 )  ins ur e s  the 
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r eturn of the field and gives uniformi ty to the fi eld in the us eful '.'o lume . 

The magnetic induction in the useful volume will be 4 5 0 0  gaus s .  
The exc it ation i s  provided b y  a power supply 4 0 0  Volt 5 00 0  Amper e s .  Ad­
ditional c oils in the c ompens ators independent ly suppli ed are driven in , _ .,.. -1' 
feedbac k by an instrum ent measuring J B x  dl (vibrating c oil ) : s o  that the 
int eraction with the mac hine is c ontinuo sly kept to its minimum . 

A schematic dra wing of the experim ental s et - up which will be 
used in the magnet i s  shown in Fig.  8 .  I think that no partic ular c omment 
is  needed. 

The s ituat ion with this project i s  now that thinks are being bought : 
we expect to have the objec t working at the end of 1 9 7 0 .  

A detailed  de sc ription of the magnet , experimental apparatus and 
example of experiment s whic h c an be perform e d  with it c an be found in 
ref. ( 8 , 9 ). 
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FIG URE CAPTIONS , -

FIG .  1 - The t hr eshold c urrent (in a bunc h )  at whic h radial instabilit ies  
appear a s  a func tion of machine ener gy. In this  s ituation bending electro ­
static grids where pr es ent in the machine : the thre s hold c urrent was in ­
dependent on ext ernal termination of the grids .  

FIG. 2 - The thr eshold c urrent behaviour after removing the elec trosta 
t ic grids . Both radial and vertic al thr e shold is  s hown. 

FIG . 3 - The behaviour of the thr eshold c urr ent for radi al instabiliti e s  as 
a function of the c urrent in an octupole adde d to the magnetic structure 
of the mac hine . E = 3 0 5  MeV. For i0tt = 3A the octupolar terms in the m� 
c hine are c om pensat e d  by the ext ernal oct upole . Gri ds not pr e s ent . 

FIG .  4 - a )  Pers pective view of the experimental apparatus  for the study 
of reactions e + + e - � photons . 

b )  Vertic al s ection of the experimental apparatus  along the beams 
dir ection. Sc intillators  SA, S � are int ended t o  be u s e d  to antic oinc idenc e  
c osmic rays not pas sing through the int eraction r egion. 

FIG .  5 - Schematic drawing of t he solenoid : the beam t ravels along the 
Z - axi s ,  

FIG. 6 - Schemat ic views of the magnet : 6 a )  from top; 6 b )  from s ide,  
orthogonal to the beam orbit ( along the magnet axi s ) .  

FIG. 7 - The iron structur e o f  the magnet . 

FIG. 8 - a ) ,  b )  - E xperimental appa ratu s. M c :  Solenoid; VP : b e am pipe ;  
C P : magnetic field co mpensato r; ESC : exte rnal spa rk chambers ;  I SC : 
inte rnal spark chambe rs;  C l ,  C 2 :  cylindrical wire spark chambe rs; 
C 3 : wire plane chamber; GCS : gas cont rol system;  M :  mirro r; TG : trig­
ger ext e rnal c ounter; E L :  electroni c  logi c. 

c )  T ri gge r system. 
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