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SUMFARY

I this note we describs a scheme to obtaivn & high performance
ralativistic heavy ilow collider (RHICY of & sire which Fits the
present CEA tunnel at BML.

The project is made of ftwo parts: the Scource of heavy ions amd the
Collider itself. We like to keep these two parts well separabed
zivee different kind of work analysis is to be dorne For each of
themy but yet it is obvious that the performance of ong of them
depends crucially on the performance of the obher.

THE SOURCE

Thig, in tuwrrn, is made of the following parbss

The rnegative—-ion sowros
The Targiem vardebraaff
The Boosmter Ring

The &ESH.

s g:.} fi1 e

2

The proposed new addidtiorn to the BL facilities is the Booster
Rivnig. There arve also incladed bransfer linss bthat go From the
Tardem to the Boogber, and From dthe Boosher bo the S88.0 We will
rioct cover the desige of these btranspoelt 1iness.

1. The Negabive—low Source

The slements that have been propossd arve givern in Table L. These
elements are adeqguate to cover most of the experimental orogram
with the Collider since btheir atomic mass variss like »

with n an integer. They have also been chosen bhecause bthey oan be
sasily produced as negative-ions to be fed into the source for the
Tanden.

Typical cwrents that carn be gernevated at the sowce For these
elements is arourndd S83@ micro-amp-parbicle, sxeept Ffor devteriom
for which we can sxpect as much as one milli-amp-particle. OF
courss probons are gengrated by a different and higher intensity
gources: the 208 MeV Linac.

2« The Tandem vandelraa?ff
The proposed mode of operation of the Tandem is the two-stapgess. In

the first shtape, bthe negative lons (O=-1) are acoelerabed From
ground o s +15 MY pobential. At this point the kinestic snergy of
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Tabfe 1.
Ebwedt  (n)  Momi Mo Mas Mo Relbuegy  A/Z
| Z A GeV/A

Peoton (1) { 0. 4363 4.0
dedesiwm (1) 1 2 0. 9375 2.0
Cort bon (2) G {2 0.49340 2.0
£m£i,\m{ (3) {é 32 0.9302 - 9.0
Coppore (4) 29 63 10,9299 2.2
Todin ¢ (5) 53 427 0.9302 2.4
Gold (6) 79 - 0.930F 1.5



the regative ions is 15 MeV, large enough they carn it a Firsb
stripping tavget located in the high-voltage terminal. The most
probpable charge state G4 which resulbs depends on the slenent as
zhowr in Table 2. Fimally the ions are accoelerated by the fthird
stages, inoreasing their enerpy by (130 o In Table & we give
alan the most probable charge state B of the iowns after ong more
{ and last ) stripping target located at bthe end of the Tearndem. OF
coures bthere is no rneed for the second target in the case of the
deuterium besr, since it was completely stripped at the first
target.

The expected stripoing efficiencies &4 and 8p are also given in
Table . The Tandesm oubput curvents are calcoulated by taking into
account the sﬁﬂbpiﬁg efficiencies and arn overall Tandem
travemission efficliency of 754 .

The following ovele is proposeds: the pulse length is at most 156
micro-ses long, and bthe repebition psricd is 1.8 sec to match the
Booster Ring and the ABS cyoles.

There are good experimental evidences that suopesst bthe bsam
guality ( irtensity, smittarnce and energy spread ) remains
constant over bthe lengbh of the puise. bMore syperimsntal work is
plarmed to cocvroborate this fact fooro any element chosen. In the
meantime we assume Tor the purpose of ouwre design that this is
By,

at the end of the Tarndem, after the last stage of stripping, the
tobtal beam emittance does not excesd 2 0 mm--nmrad,. and the relative
kinetic enevgy spread is arvound 12 -4 g mestly due o power supply
regulation srvors. Again we assumes bthat this applies for any
element choser.

The beam, to be captured by the single »F bucket in the Boostar,
has o be pre-bunched. We assume that the bunching Taotor over all
the pulse lengith is 2.5, awd that the buneh lesngbh {(«1H8 @ 3
equals half of the Booster civcumferernce. Therefore the distance,
cernter—to-perter, bebtwesy bunches will be twice that. WHe sssums
also that the bunching 2s 189% efficient, arnd will causs an
Mlorease of the bsam er@y sovyead by a Factbor & or 3

e

Y

Fa The Boosbsr Ring

The cirvcumferernce of this ving is Just one guarter of the AGRH
cirvcunferencs,. The most important parameters are listed in Table
e

We assume bthat the betaitron acceptance ig 59 R.uom-mead dn bobh
plangs. It could be largsy in the horizonbal plane, bDub very
likely the sxtra amount is rot useful because of livnear and non
lirear coupling bebtween the btwo mode of oscillations.

The beam ie ingected into fthe Booster and stachked in the batabron
phase space by wrapping the machine cirvoumfersnces with the beam
pulse for some number v of consecutive turns which cor@PFesponds bo
a votal rumber of particles NB « It is assumed that bthe beam will
Fill wup guickly the available acceptance irv both planes, with the
help evernbually of obher avallable steering means, urtill the space
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eharge limit is rveached. This covresponds

b & mawimuam number Nsc
af particles that caw be irngected acoovding o o

the formula

Ns.e. //26;2 4w ng» Av (+
=Y (1)
%V 3G R CQZ

F

whare By is the bunching facbtor, defined as the rabtio of the
average current to the peak current, 4V is the maximum allowable
tune depression, A the mass number, Qg the charge stave,

Py = 1. S35 la— 1 my, and F a Fforwm facbtor that for ,@4& i iag very
close to 1. At the lefi-hand side of egquation (1) , £,i8 tha
viormal ized emittance; the actual emittance is given by

ey
it
o

£ £, | @’/géf‘g

Here the emitbtances as usaal are always giliven in w mo-orad units.
It is impoetant that the phase space density iwgfféw is as lavpe
as possible, since the lumincsity in the oollidery depends o this
guantity, provided that no other effects will cause aven a
stronper limitation than the space chérpge at lngeckion in the
Booster. The other parvameteyr the lumincsity deperds upoon i of
COUrEE Nb itgelf. It is vherefore essenbial to petr the largest
density Mg /7 & and the largest rumber Ng of particles.
Arother important side effect is also that by inoreasing N g one
alen increases the number of particles that can be transferved to
the Collider per ABES pulse and reduces the Collider Filling time.
There is some uncertainty o what value o assign to H_e avicd
» We propose here a bunehing factor of LE and AY = 2.1. The
bunching factor of 8.5 corvesponds to the vF capbture process at
ingection and to Lthe early stage of acceeleration in the Booster.
Az the beam velooity increasss during acceleratian ﬁh& burncehing
Factor can be lowsred covvespondingly.
The different species are ivgected into the Booster with no
Further stripping, that is with the charge state Ge as shown in
Table =. Table 4 gives the maximum rnumbery Mg . of particles bhat
can be ingected with the corregponding vormalized emittance Epe .
e also give in the same Table the revolubtion periocd Teee arnd the
riumber Np of particles with n=8 ftwens injected assuming the bDean
current values given in Table 2. The largest number of furns Bhat
can be efficiently ivgected in one plameg is btaken here to be &8,
and this covrresponds to a dilution facktor as lavge as 8. 28
By inspecting Table 4 one can sses bthalt the beawm intersity is
limited by the Tarndem currents o bhe lighter doms up to Copper.
Fovr Copper the Tandem current oubtput is about the zpace chgrge
limit at ivngectiorn into the Booster. For Ioding and Sold very
clearly there is a space charge limitabion by a fackor as larpe as

ARV



el
.Y

) . .1 i i §
1&%&; *%" . 8&?&%‘) Im’f\&ﬂf ! ‘ﬁ!“(t; y Fm: #}iwi ce. cﬂé E@;Wi@ g [vﬂié? Fhe 5::3&5& En"

Ehorent & T, Ne ' Mg

T rame ol pees o P

.B@%'f{&‘ NI - IF .51 i 100, ; 43 é?~
o : : | g
Cooc hon, 6.3 5.33 | 22, | 37.
| ﬁ
: ) £
S,ug?\ﬂmf &.0 73 i 6 . 7 ﬁ L
! h

o
g
ES
} i
0
T
™y
L

9

P R
:‘%
oo
2w,
{0
s

T@@:ﬁgv‘mf;f ' v - 3.0

{;@gﬂ ?5 ’?4"@%1 3,. g

LS
N G

T e e

* V\:[a‘Hi f’ J(wi“ﬂ [wd‘é&’{\'ow



. . . ;
#. The particles wnumbers irthe dashed sguares are bhe proposed
e

. - 4 s "~ «
omes for bthe estimates in owre schemes. For Gold only 4 or 5 buvrns
are veguired to be injgected.

The beam is captured at ivgection by an harmonic rnamber b=l »f
gystem, o bthat only one bunch is made afid all the particles given
ive Table 4 are in this burnch. The arnalysis of the v§ caphbure and
accelaration 18 rob given in this rote. The accelesration period is
taken to be #.6 sec for Gold and the overall rvepetition rate B.8
Heo Toward the end of the acesleration, the bhunch is made short
encugh to mateh the length of the v»f buckets in the ABS.

Fessuming a tap Ffield of 18 kE, we have a wmaximum kinetic ernsrny of
367 MeVY/0 for Gold which covvesponds bo F@’ = . 971 .

T minmimize the amount of vF Fregquency swing it i sufficient to
avccelerate the lighter ions to the same value which corvespornds to
the full acceleration for Gold. In this case bthe reguired
freqguaency swing covers the range of ﬁy”valuﬁﬁ From @848 to H.7 .
Obhserve that the ion beam will never have to oross bthe Booster
tramsition ensrgy during their acceleration.

, o — 10 . .
A owvacuum of L 1 mmHg seems to be guite adesguate For the suwrwvival
of practically all the beam against electron capturs or loss
processes during the acceleration cyole.

HFter extraction from the Boogter and on their way to the PAES fhe
ioms go bthrough one more sbripping target. The lone irngected ivbo
the AGS are then completely stripped. We assums a ZU% beand loss
For Godod, EB@% for lodine and 5% For Coppesr arnd Bulphur. Carbon and
Devterium oo not need any further stvripping.

4. The (AGS

The major paramsters of the ring are given in Table 5. Since the
ingection energy is 367 MaeV/A and the ions are conpletely
stripped, there is v requirement For improvemsnt dn eildher the
vacuum o the v system. The accelervabor, as it is, suits very
well for the accsleration of the ions o the maxkimum energy.

The scernario that we propose is that one buwnech at the time is
transfervad from the Booster bto the ABE, acosllevated to the top
arnergy and thern Iransferred o the Collider. The A55 coveole rabte is
taken to be #.8 Hz and that 2.6 seconds are needed for the
acceleratiomn. The transfer line bebtween the Booster and the G885 is
it discussed here.

We assume bthat the Ffinal stripping doss not cause bo signilficant
inerease in the beam emittance, therefore, since at the traﬂzfew/gX
= @571 the emitbtarnce valussz pglven in Table 4 are just about those
the beam is ivgeched with into the ASE. These emibttances are
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considerably smaller than the ring betatron accentancs.

There is some uncertainty bto what value o assign to the beam
longitudinal emitbtance. The figuwes that corvespornd o dingection
irnto bthe Booster are very small, bubt we expect some dilubion
during the capbure process and the acceleration oveole. A realistic
estimate is probably 8.8 eV/A-sec, arnd we will use this figure as
input to the design of the Collider. On the obthey hand, %the v
buckets in the ABE are bthe smallest at ivjgection. IFf we assume a
constant volbage of 3@0 kY, the bucket area is vobt less than 1.8
e/ A-sec.

#1 the svd of the acceleration in the AGE, the bunech of ions is

Baylovred so that it will Fit inside one of the vf buckets in ths
Collider. For this puwrpose we take a Tanal tobtal buneh lengbth of
14 marnoses.

At this point, onee the ion bunch has been ejected From the AGH,
the Bouwrce of iome ends its furnction.

-1 -
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THE COLLIDER

woabe eses cance Sen seana Betve Basen bacan acrca Lioth teese beaty dvms

Inn this section we describe only the input parameters for the
design of the Collider.

The two tranmsfer lines that covnect the OG5 to bthe two magoetic
vivgs are part of the Collidey system, but they will not be
described here. The twoe vings and bthe bransfer lirnes will be
accomosdated in the CEA ftunnmels that alveady exish on site. Thus
ﬁhe size of the Oollider is given and matcohes the size of the CRA
turmeal.

Each ion bunoh accelerated in the A6 is exbracted and transferred
P oome of the two Oollider Rivos. The bunch is capbtured by a
stationary v bucket standing by. It is esssential that the shaps
of bthe bunch prioe exbtracticon From the AGS is tayviored bto matoh
the shape of the buckets in the Collider. Majory paramsters of the
Collider Rings are pgiven in Table &.

BFeam parameters at ingection arve givern iv Table 7. It is assumed
that, because of all the reguired manipolations, ths betabron
emittances and the longitudinal phase space area arve somewhat
cdiluted to bthe Finmal values shown iy Table 7 ard btaken o bhe bthe
zame for all =zpecies, with the execepbticn of orobons.

The bunch area, 5, and the beam swmittance, £ ., are defined for 95%
of the beam population

where 07 is the vms bunch lenpbth in unit of time and 6z the rme
srerny spread:

07
. HN
E = 6 (43

where Ouyv is the rms beam width or height and ﬁ%v the horizontal
o vertical amplitude lattice funckions. The relation betwesn the
actual emittance and the normalized emittarnce is given by eg. ().

The rnumbear of the ions per each bunch trarferved to the Collider
is also given ivn Table 7. It was devived from Table & after



adjusting for the lusses betwesen the Boocster and the AGS. Assuming
a maximuam rigidity of 832,59 T-m we give, also in Table 7, ths
makimuwn kRinetic energy that can be reached in the Collider Rings.

The two rings are Tilled in the box-—car Tashiorn. The total ruamber
of burnches accepbted is 57 per viwmgs an eguivalernt rnumber of AES
pulses is reguired which gives a Filling time of a little morse
tharm ane mivate pey ving. The situation ise different for the
praton beam sines 18 bunches can be accelerated abt the same time
in the AGBE; thus only five AGS pulses would be reguired and bhe
Fillivig time is less than ten seconds.

The burnch separation is &7 meters and this corvesponds o a rise
time of 208 ranc-ssc for the ingechtion kickers.

The two magretic ring have a horvizontal lay-—oul, side by side,
with a separaticon of 24 com bebtwesern the btwo beam axis. The
pervicgdicity is threefold.
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R ,99947 99947 49793 99794 94757 - 99704 99660
Nocon . Eonifl. momonted | 25, 10. 10. (0. {0, 0. 10,
Bunch Peeo , [f-sec. | 0,3 0.2 0.4 0.2 0.2 a.2 0.2
 Bumch Jw;ﬂn jusec |t t 7. +7. t7 £7 T P 7,
Buegy Seeed 2007 4T 62 62 62 68 75 7.
No ions [ Busch = 0| fooo, 100. 2. 64 .45 2.6 1.4
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