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Sumnery

thick insalled in the transfer line TI2 between CPS and SPS has been measurcd. A Pbtt* io beam
was injected in the SPS ring (stripper ouQ and its revolution ftcquency compucd with that of Pb*
(sripper in) on thc same first turn trajeetmy. The measured relanive en€qgy loes is (3.69 É CI13) x10r,
whbh is in fair agrcement lvith the value 2.8 x l0't given by the the Bethe - Bloch fannulu

Intrcduction

During the 1995 starmp of the lead ion run the oorrect magnetic scnings for the
transfcr line TT10 and the SPS ring wcrc found by using a proton beam æ a kinetic
energy of 11.95 GeV, using the same supercycle and timing forcseen for the lcad ion
run. A proton beam of 11.95 GeV has the magnetic rigidity of Pb* ions of a kinetic
energy of 4.22GeVlu.

In order to accelerate Pb* to ttre kinetic cnergy of 4.22 GcV/u the magnetic dipolc
freld in the PS has to be increased at extraction by the factor 8U53. However, the
energy loss in the aluminum stripper (1 mm thic$ has to be taken into account by
increasing the energy of Pb* ions at extraction in the PS, in order ûo deliver Pb* ions
of the same kinetic energy to ttre SPS. The accuracy of thc magnetic field
measurcment in a reference dipole in the PS is of the order of 10t tl] and the radiat
position of the beam before extraction is monitored wittr an aocuracy conesponding
to a relative energy error of a few 10" [U. This guaranæes the corrçct scaling of thc
lead ion energy.

The extraction energy of the lead beam was fine tuned in order to obtain the same
average radial position of the first nrn trajectory likc ttrat of thc 11.95 GeV prroton
beam without changing any magnetic strength neither in TT10 nor in the SPS ring.
As a result of this it was found that the correction to be added to the magnetic field
stryngth at extraction in the PS ring corresponded to a relative energy increase of 9 x
lO't, that is 3 times larger than expected if this energy differrnce is interpretcd as the
encrgy loss in ttre stripper [1]. The rclativc energy loss of t 4.?2 GÊV Pb* ion in I
mm thick aluminum foil calculaæd from the Bethe-Bloch forrrula is 2.8 x 10" [21.



An indcpendent measurcment has bccn pcrforrrcd o clarify the discrcpancy with
rcspcct o this theory and o have the possibility to calculaæ tbc cncrgy loss fc oûhcr

strippcr thickncsses in casc their usc is justifred (minimization of thc emitancc
growth, optimization of the stripping cfficiency).

Description of the meazuremenL

In odsr to measurc thc first nrn trajectory in the SPS within thc neccssary prccision,
the PS reduced the bunch length of tlre lead ion bcam ftom 15 ns (physics conditions)
o about 5 ns. Ottrsrrvisc neither PS machinc nc beam paramecrs wcrc changcd
during the MD. Only the fimt baæh (of the four provided by PS) was injectod in the
sPs.

Thc encrgy loss measurement consisted of two st€ps, using Pb* ions in thc first and
Pb* ions in the second:

1) Thc averagc radial beam position of the first turn trajcctory in thc SPS ring was
meastued with the COPOS system. The rçvolution frequency of the injected bcam
along tre flat bottom was deærmined by measuring thc injcction frequcncy and by
observing the position of the debunching beam (no RF voltage applied) on an

oscilloscope triggered wittr the revolution ftequency. The revolution frequcncy is
generated by dividing the injection frequency by the harmonic number h = 4&0.

2) Thc magnetic fields of all thc magnets in TT10 and thc cunçnts of thc main
magnets (dipoles and quadrupoles) in ttre ring were scaled up by a factor 8U53
and Pb* Gtripper out) lvas injoctcd" The currpnt in the main ring bcnds was
carefully adjusted in order to have the same average radial position and hence the
same trajectory lcngth of the fully stripped ions. Transvenp beam oscillations at
injection, tunes and chromaticities were trimmed accordingly. A transmission
efficiency of about 85 % for the first 2.4 s of the injection plaæau (beam dump at
2.4 s) was obtained. The revolution frequency was deærmined according to the
method above described-

From the two @uency measurements one can precisely deærmine the difference in
kinetic energy between the two cases.

Results

Meastuements with Pb* :

average radial position 4:3.749 t 0.68 mm (average of 11 measurements)
injection frequency f",: L97.A750 t 0.0005 MHz

Measurements with Pb* :

avcrage radial position x,,:3.523 t 0.208 mm (average of 10 measurcmcnts)
injection fircquency f,": 197.W53 + 0.0005 MHz
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From these measurements the kinetic energies of the stripped and unstripped beams
have been determined:

I
-1 = 4.24fl8t0.00040 GeV I uTn I'wl

I
T,,

or=

= 4.22337 t 0.0m39 GeV I u(hfrR\'-\rh)

R-Ro+x

where u = 0.931494323 GeY is the unified aomic mass unit, R" = 1100.0093 t
0.00015 m [3] is the measured average SPS radius,c =2W9?ll58mls is thc spccd of
light in vacuum.

The error in the kinetic energy measurement sras estimated according ûo the
exprcssion below:

T(T +
u'

+2u) 9
r )'.(?l

or= ,'+o o'

wherp

The rclative kinetic energy loss ÂT/I is therefore

+ =Tst:Tsz = (3.69 t o.r3) x ro-3 .TT,,\

Conclusion

The measured relative kinetic energy loss of 4.22 GeYla Pb* ions is (3.69 t 0.13) x
10'r, whilst the value calculated with the Bethe - Bloch equation (2.8 x 10r) is about
25% smaller. The theoretical value was obtained by assuming that the Bethe - Bloch
equation is correct for lead ions at 4.22GeYlu (which is not exactly the case [a]) and
that the stripping process occurs in a surface layer whose thickness is negligible
compared to the total thickness of the stripper.
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