STATUS REPORT OH THE GAIfIL FACILITY

CAIJIL has been fully operating for 16 nonths for Nuclear Physics (90S), atonic and solid state physics. Hore than i&OQ hours of effective beam tine were delivered to the experinents until April I98fc. The oeaximua particle intensity reached in operation ir Ii 10 pps of U0 Ar' 6+ at Ul MeV/A and 1.2 10 ,2 pps of l6 0 8+ at 9U KeV/A. Beans of Oxygen, Argon , Calciua, Neon and Krypton have been successfully tested and used for experimcts. At UU MeV/A the Ar beam is sent to the physics target with the following measured characteristics : radial emittar.ce : £.= 6 raa.mrad, r = 3 nnxi.m-nd, energy spread (total width) : ÛH/H = 10 ' at l»50er.A , length of the RP beara pulse3 ; "\> 1 ns. The GAHIL facility and the improvements aade during th;; first operation year are described. The alternate injector (a srall conpact cyclotron identical to the first one; will be in operation in 196^ with an inter-nal PIC sourc an axial inje ;. It should be run :tion in 1965.

'ith an ECR source (

IHTaODUCTIOH

Detailed descriptions of GANIL ( Grand Accélérateur National d'Ions Lourds! have been already given in several previous conferences * ' , Fig. 1 recalls its general layout including the present expérimental area configuration «here 8 caves are in use for experiments.

The accelerator complex is a combination of 2 parts : a. Prestrioper part ; -A compact cyclotron CO as injector (K = 30) with an internal PIC source.

-A separated function bean transfer line Lt including a low energy spectrometer and a rebuncher R1.

-A k separated sector cyclotron S5C1 (K = UOO). -A it separated sector cyclotron SSC2 identical to SSCI.

-A beaa transfer line L3 including a oonochromator.

The bean is then conducted and is time shared by means of pulsed magnet3 to 2 physics experiments.

The first ion beam { Ar ) from SSCI was obtained in June 1982. A full energy Ar * bed.ii at Ub MeV/A vas accelerated in SSC2 and extracted 5 months later (in November 19o2). The beam va3 delivered to the physicists in January 1983.

OAHIL CHARACTERISTICS AMD BEAM OPERATIHC RESULTS

General parameters

Fig. 2 shows the basic characteristics of the beams in the range of resonator frequencies for two combinations of acceleration harmonics. The beams already tested have been pointed.

The main GAJIIL measured characteristics are sum-• -rized iii the following tables 1,2,7 for the 3 energy levels already l.ested : Argon at 27 HeV/A and hU MeV/A, Oxygen at ?li HeV/A (max value). 

Injector_C0

Tests on this cyclotron began on May 8l . The internal beam is easily tuned and the actual extracted bean characteristics are in good agreement with computations. Nevertheless the first results concerning the delivered beam intensity were lower than expected. Special studies on this problem were wade . They showed that the vertical acceptance of the cyclotron and the vertical enittance of the bean extracted fron the source were not well enough* natehed.

By changing the trim coil current configuration, cyclotron extracted beam intensity haa been gro'-m by a factor of 5.

Beam line transfer LI -The transparency coefficients for ail the GMfIL beam lines and cyclotrons ire given in table k. After energy spread minimization (measured at the image point of the low energy spectrometer) tuned by fine action on injector magnetic field, the typical overall efficiency for LI i3 better than 85Ï, fllits being positioned to limit the emittance figure to ho irmmmrad.

-The rebuncher Bl is the sraalieit CANlL's resona tor. It works really without any problem at its nominal peak voltage (1J.5 kV).

-Achromatism, correlations, and natching are still nov well controlled^,

*_ §SCJ

The acceleration began on June 1982 without phase comp.ession which was applied some weeks later.

Magnet

Maximum magnetic field configuration has been successfully tested with Kr " at final energy 35 HeV/A needing a field value Of \.6U tesla.

A drift of main magnetic field (^5 gauss) ia ob served during the first 2 days after starting, in spite of verygood power supply current stability (better than 10 s ). This effect is a cause of difficulties for an easy beam tuning in the second SSC at the beginning of every run.

RF_s^stem

Due to the sparking limit of the SSC'a resonators the HF dee voltage initially expected cannot be reached except for the upper part of the frequency range (above Ml MHz). Consequently, for the heavier ions (>100 Ainu) we have to reduce the radial turn se paration at injection to the lowest acceptable value, (especially in SSC2 where the number of turns is grea ter than fcOO). The turn number inside

• both SSC's is then depending, for a given frequency, on the maximum possible value of the RF dee voltage. Injection-ejection_ Beam injection and ejection are performed routine ly. A small vertical motion ha3 been observed which can be corrected satisfactorily. Correlations are easi ly checked at injection.

Acceleration_

The first and last 10 turns are pertubed by in jection and ejection cignets. The compensation of these defects is now achieved with the aid of TROPIC code? and associated beam current measurements made by means of the li sector yoke probes. The sector balancing has been then verified : residual bea-s off-centering is of the order of i 5 cm corresponding to a balancing error less than ± 2 gauss.

The use of phase compression in SSCI leads to have e rather saall energy dispersion for the extracted bean (AH/H M0 _1 ).

" Beam_transfer_line_L2

The achromatism is now in good agreement with the the ore tied conditions.

Optireun charge ratio at the stripper is 3.? corres ponding to the ratio of ejection to injection radii and to the ratio of accelerating frequency harmonic num bers of both SSCs.

The thickness of Carbon stripper foils has been optir.ised in order to get better efficiency? not only resarOirg the stripper itself but with respect to the emittance figures before injection to SSC2. The growth of the energy spread for a beam crossing the stripper is order of 1.1 to 1.5 depending on the ign its energy, and of the foil thickness. Single turn extraction is achieved on SSC2 by the combined effects of a precession of the beam created at injection and a first order field perturbation loca lized near the extraction radius.

The same precession in SSL2 will also be veil suited to the phase connression configuration. The re duction of the radial turn spacing at injection which is a corollary cf phase compression would result in a substantial beam loss without the help of precession.

Not enough time was devoted for fine tuning of L3 line, the achromatism conditions are actually not fully controlled and matcninghas to be frequently retuned depending on the characteristics of the SSC2 extracted beam.

Beam efficiency.

The overall efficiency of GAHIL is depending on tuning conditions and of the type of particle. Of course the efficiency is generally better, when mea surements are made just after machine retiming,than observed in average during a long time period. With the precessional ejection in SSC2 and after a control of correlations in LI, the transparency is now better in SSCI and SSC2 : around 80S in good accele rating conditions.

Accelerated beams

The table 5 presents the listing for all ions and energies already fully tested and available with the maximum corresponding intensity on J targets.

The naximua bean currents have been measured the machine being perfectly tuned, the ion source and the pullT far of their life time limita. Ho«ever, reduction of the energy bprend is made to the ûetrisient of the bean current : a good compromise lias to be found by the operator.

The beam along all the transfer bean lines is driven looking at beaa profiles [MOD for the whole machine). These diagnostics can be noved in or out and measurements displayed on screens.

Steering corrections being achieved the buncher is switched on. Its BF voltage value ia not critical { *\ < U5 kV) but its HF phase hae to be carefully tuned watching the beam central phase at the end of LI. The right RF phase is obtained when the beam central phase does not change with or without buncher on.

* SSCI

During the first few months of operation, most equipments were individually set up and tuned by means of the 16 pseudo-knobs associated with k touch panels. Moreover numerous basic equip ments such as HF systems, RF" phase adjustement 3ystem and a certain number of steering power supplies were not connected to the main computer.

After a year of completion, the computer control system is now linked to 1500 equipments or parameters and offers the expected facilities.

With the fast development of specific user software {or tasks) for the machine operation, it became the powerful and efficient tool for people in charge of beam tuning and surveying.

* Initial_settings

Approximately 6 hours are now necessary for this operation. The power supplies (about 220 regulated current power supplies, those of the experimental ireas not still included) are automatically switched on and set to the expected value with different user tasks, taking the values in the computer disk-file. SSC's magnetic fields are precisely cycled, their power supplies being under a dedicated microprocessor, while the others dipoles, such as bending magnets in beam lines, are cycled directly by the oain computer.

Balancing of the SSC's sector, is done by means of a combined action of the main ccuputer and of a local automatic gaussneter using for each SSC U NMH probes at the centers of the sectors.

The RF parameters are controlled by 5 local microprocessors (one per cyclotron, one for the buncher and one for RF phase adjustment) which are under the main ccaputer dependence^1", The PIC source being .-witched on the injector cyclotron is easily tuned. Attention must be paid to have a good beam matching in the transfer line LI : the energy spread of the CO beam must be carefully minimized by means of small corrections on the main magnetic field.

All the previous magnetic and RF parameters being put on, a preliminary RF phase value for the RF resonators is computed, using central beam phase probes (absolute measurement method) 1 ! 1 *.

Then the operator uses several other tasks to tune readily the beam following the normal procedure :

-to align the beam on to the injection channel axis,

-to find the optimal radial phase law, ' to determine the best injection phase looking at the separation of the last h t tuning the RF phase, celerated turns and -to put the beam in the center of the first ejection electrostatic septum.

All these operations are now made with the very convenient aid of numerous specific codes or tasks on wich detailed informations are given in other papers (this conference^,9, If the above mentionned procedure is carefully Tollowed then the si.igle turn extraction is straight forward with a good efficiency (^Oî).

» Transfer line L2

The focusing parameters are known better than in LI and the theorical conditions (particularly achromatism and matching) are rather well controlled.

Then the tuning only consist bending adjustments.

SSC2 and L3

The procedure in use is exactly the Bone as Cor SSC1. However it is not possible to assume a fixed number of turns like in SSCI , turns being not, separated at ejection. Consequently the tuning of the line L3 strongly depends on the characteristics of the extracted beam : the orientation and the ehape of transverse emittance may change with a. change in the tuning of SSC2.

From this, it results a practical difficulty when the machine is working for physics : complete retiming of L3 and experiments beam line is a necessity if failures or breakdowns occur, changing the accelerating condition in SSC2.

Operation statistics and experiences

In normal operation lfl days run (trio mode) are followed by a maintenance week.(5k shift run).

The run is usually divided in starting time (36 hours), machine studies (US hours), new beam tests (72 hours) and physics (276 hours).

During the first year of operation ( 1933 ), the beam time devoted to physicists has been 62Ï of GANIL's Tacility running time. ]j]AVlUUBL£ BEAM.

HiTHT «TUM. «MUBIUT7

Short instabilities of the 50 Hz mains frequently lead us to a full re-setting up the machine parameters and represent an important unavailable beam time. Conse quently, a program of implementing changes to the existing power supplies has been realised and a 120 kVA , inverter installed to save computers and electronics . ! At the beginning the long term drift of a few parameters resulted in hours of retuning but with experience and improvements like beam feedback controls,the lost time has been reduced by a factor two, while the time failures ratio decreased to about 8K of the total experiment time,

Operation staff

The three cyclotrons and the beam lines are routinely driven by 3 operators, partially backed up by one operation engineer (2 shifts a day). Machine studies performed on GAMIL have included studies on SSC's and on beam transport lines . Beam transport lines are treated in a separated' paper uhere are described the problems of betatron and chromatic matching from lines to SSC's and from SSC's to lines. ' SSC's studies can be put into tvo classes, ignoring the actual chronological order in which they were .1 Transverse motion in SSC's ,2

The four probes method previously described in allows not only the observation of betatron oscillations but also the measurement of closed orbit offcentering. Field unequalitieB in the four sectors can .be detected and corrected. The effect of residual field local imperfections can be compared to orbit computations'. Fig. u 3hows an example on SSC2 first 80 turn3. Such a good result encouraged an extensive use of computer simulation to study a processional extraction with bump. After about t(60 turns a precession of 15 to 20 mm (35 mm peak to peak) and a small amount of bump, good in simulation, gave expericentally an excellent turn secar'tion, Fi«. 5 allowing a. practically lossless extraction. Bunch length compression from field perturbation is used in CAHIL SSCl10.il. The moat evident observa tion of the effectiveness of the method has been ob tained from direct bunch measurement(Fig. 6) on the beam probe. A change in rf voltage V practically only changes the final energy j it provides an excellent method for adjusting the chromatic matching of a SSC into its output transport line5.

Optimization of rf accelerating phase 4_ can be made according to several criteria : maximum energy, minimum energy spread, minimum bunch length at some given point. Even i.' the last method is probably going to be preferred in the future the first two have so far been mere examined, either by looking at the last turns inside the SSC or by using the monochromator. GANIL SSC's rf cavities are delta shaped and each gap, in addition to acceleration, produces a transverse kick. For peak acceleration phase, the two kicks of a delta cancel each other ; not for other phases, Mith tvo cavities per turn the effect of such kicks is re duced, but not completely j in particular this is trut for the firat turn «here the injection orbit crosses the first cavity with a different phase. As observed experimentally the result is the excitation of a be tatron oscillation with an amplitude proportional to input phase displacement : according to the turn and the azimuth on which the radius is observed for phase optimization, 3everal degrees error may result from this effect. A vay to avoid such an error is to choose for the observation a node of this betatron oscillation If, similarly, the extraction electrostatic septus is put at such a node, just a small change in voltage, «hen close to optimum phase, is enough to keep the beam trajectory fixed in Lhe uutyut transport channel when the injection phase is being adjusted.

If compression is easily achieved, field adjustaent and phase lav oay however require some care and a spe cial choice. In particular a change in average field is then changing linearly the energy : only about one gauss increase is enough to increase the energy by se-. veral per cent and change the extraction turn. A study of this phenoaenon 1 ^ has shown that one vay to avoid this effect ia to increase the average field and adopt a phase law as indicated on Fig. 7b(such a law uould in fact avoid in the same time the risk of radial emittance increase in case of relativistic operation 1 ^. Experimentally, the field level producing thi3 phase law can easily be found with the help of the monochromator by progressively increasing and resjusting continuously V and $ in order to keep the same extracted turn and optimize the energy spread (with a proper number of turnn-aee above-a slight correction of electrostatic extractor voltage is sufficient to keep the beam perfectly aligned in the transport line). For a proper B field level one has 3H /3B = 0 for the optimum phase and voltage adjustment. The time sharing between two experiments ie already operational., but the beam intensity should also be controlled according to the user^ demand. This will be posoible in the next future by the means of a slit of special design which will be synchronized vith the beim conunutntion.

On-line beam stabilisation

Owing to the great sensitivity of the beam phase to the various parameters, several feedback control systems have been designed using on-line beam measurements as shown in Fig. 8. The basic principle is to keep constant the beam central phase all along the machine by adjusting the injector RF voltage, the main magnetic field of SSCI , the polarisation of the stripper and the main magnetic field of SSC2. The field level and the balance of the four magnet sectors of each SSC are adjusted using four Hall probes movable along the sector axia. At the beginning the accuracy of th<: Hall gaussmeter system was about i 1 gauss, but during a year of experience v« have observed drifts in the absolute calibration of Hall probes.

As the recalibration is a. critical operation due to the tightness of the system involved in the SSC design and that we would like a better accuracy on field level measurement we have decided to install KMR probes jlose to Hall probes, When the isochronism field gradient is sufficiently Bmooth we can uae directly NMH probes to adjust the field within ± l.10 -s otherwise recalibration of Hall probes is done just before putting in field gradient.

For on-line corrections, HMH compensated gradient probes has been installed at the rear of the pole gap (one per S5C). This main magnetic field measurement will allow permanent monitoring and on-line feedback correction of the starting drift.

1 * Second injector and ZZB source

In addition to the internal source, an £CR source HIKIHAFIOS, actually in teat at GREKOBLE (R. Celler) will be incorporated in the 2nd injector. An injection system has been designed and it is under construction. The axial injection operation is expected in June 95'5.

Ion sources

The design of GA-' .' IL has been based upon the characteristics cf the PIC ion source. îîew types of ion sources are interesting as far as they yield beams of similar charge stateB in sufficient abundance. This is the case of the ECR source, as far as gaseous ions are concerned. The production of metallic ions is to be developped in the next future for this type of source whose main advantage is on almost continuous operation. g.T Time structure Various demands have been formulated by the users concerning time structure of the beam. The r-OBt difficult requirement is relative to the production of very short pulses , in the order of .2 nanosecond.. At the present time, with special care, pulses, a little smaller than one nanosecond can be produced. More machine studies have still to be made so aa to find the most convenient solution.

PHÏSICS EXPERIMENTS AMD FUTURE BEAMS

During the first 15 month3 of operation, physics at GAHIL was carried out eaBftntially along 2 directions.

- *_^22ï_2l2GJi!E2duction_(ljI* HeV/A "°Ar + Ca, Sn, U) : cross-sections betveen 1 and j pb have been measured, with the dame A 1/] dependence, veil below the threshold.

î_guBsi-fusign_eyents_are_obBerved ( a ? MeV/A ''"Ar + "C, I7 A1 and Ag) with 35 HeV/A 15 Kr ions, a good evidence for fission events and very Btrongly relaxed products is obtained from the same targets. *..?E!K2££E_S£_li25S£_525 §2£!iE (27 and Uh HeV/A " 0 Ar or [START_REF] Fermé | StatU3 report on GAIIIL" 9th Int. Ccnf. cn Cyc. and their Appl. CAEN -1901[END_REF]7 Ar, I3 *Th and ÏJ, U) : a large amount of masa appears to be transferred to the target. Excitation energies as large as 900 MeV could be deposited in a quasi compound nucleus system. A large degree of relaxations ie reached, Kowç ver, the qualitative patterns are strongly different at 27 and Mi HeV/A.

As for the production of exotic nuclei, 3 main experimental set-up ore used. "_ySËS_5E££5£2E££ëI : alcaline (Rb) and halogeneoua (Br, I) distribution have been obtained with 100 HeV/A 16 0 and III* HeV/A °Ar. !Lû3_!!êIjiS5_ïï!225£2lt_ §ïlïS2 i-3 aov un| i er operation. ^_ÎËÊ_5ïESÎl2î£ÎBBSâ_i£2_iinf_^iii §iL> including 2 magnetic dipoles is ready for operation.

Hopefully, physical results are to fee expected during the second half of 198 1 ».

Future_beams_

The future new ions having to be tested are sum marized in table 9 Particle Energy KeV/A Hot still scheduled "Be "Si -After a first year of completion, the beam cha racteristics have been appreciably improved : the beam intensity from the injector has been grown by a factor of 5 and the overall machine transparency by roughly a factor 3. The beara optical quality, stability aad reproduc ibility are ncv better controlled. In the same time the availability of beams for phyaica reached in average 70* of the scheduled time, -These encouraging results are the consequence of the time alloted for machine studies, but would have not been possible without the enthusiasm of CABIL peoples -Hith the next installation of the ECR ion source, we hope for new appreciable improvements in the beam stability and availability.
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 1 Fig. 1 General layout

  acceleration began in November 198a.The cajciaUB magnetic field configuration ( 1,6 tesla} has been tested with the acceleration of Argon at 60 HeV/A.

  Line L SSCI Line L2 SSC2 Lii.e L3, Local (part.) X Overall(part.'red fron the ejected beam of the injector CO to monochroaator icage point. b-including stripping efficiency Table U

Fig. 3 :

 3 Fig. 3 : Physi me distribution until April 2C,IQ8IJ

  fig. ?b : ESC2 le.st turns (Bucp + precession) 1).? Longitudinal motion in SSC's On this complex problem, studies mainly concerned !:•' adjustment (or effect of misadjustments ) of rf voltage, rf phase and magnetic field of SSCI.

  Fig. 7a i_KorcBl phase lav -Ji.n

Fig. 8 5

 8 Fig. 8 5.3 SSC's magnetic field adjustment

  Reaction mechanism -Production of exotic nuclei The main points of interest which have shown up during these studies are : Ï-Slastiç_seattering (27 and kk HeV/A *• 9 Ar + Ni, Sn and PbT. The roles of the real and the imaginary parts of the optical potential can clearly be disentangled. A Coulcnb rainbow and a l<0! reduction of the depth of the real potential are observed. There results are consistent with the 86 HeV/A, 1Z Ç, CERTÎ data. *_ Mi £2_£D£rfiL 5ÎI HE ï "££5 _î £LS G *• rK~ 2E£ ^£ £2 (*iU MeV/A " a Ar + 20B Pb) : are ? -.11 present at such an higher incident energy.

Table 1

 1 

				1*0. U*	
	x 9.5S RF voltage RF frequency (MHz) 7.6 kV 30 60 [lumber of accele. turns lL. ll»	°3 11*
	Magnetic field		T	1.23	l-5*i	i.i6
	Extracted beam energy		MeV/A	• 15	.25	M
	Beam rigidity		T.m	• 5T	.72	.5b
	Ion source duty cycle			.25 to .5
	pulse width		D3		I to 5
	Extracted team intensity	10 1J pps	6	6	10
	(typical)	eiiA	•\Jj	-u*	-V5
	Energy spread -rr (total Energy spread -rr (total		to" 2	1.3	1.3	1.1»
	width) width)				
	Bunch ler.gtih at extraction RF°	12	12	12
	Bad. emit.(full beam)	en emnrad	UOw	tern	liOr
	Vert, emit (full beam) ev taaanC	ItOn	LOT!	UOw

Table

  U showo the practical case of Oxygen measured after bean tuning optimization on November 1983.

Table 6

 6 

		gives the distribution
	of the running time (l?83t.		
		Scheduled	Actual Actual
		{hour3)	{hours) {hours)
	Physics tin-	S296	2H6 2H6
	Particle changes	56	63 63
	liew bean developaents	370	385 385
	Machine studies	569	336 336
	starting time	765	765 765
	Total running tine	L056	1*056

Table 6 Table 7 and

 67 Fig.3represent the physics time dis'

		hours	X
	Bean on target time Povn time (tunïng+breakdowr^ Bean on target time Povn time (tunïng+breakdowr^	1260 1000	53 111
	Running maintenance Running maintenance	165	7
	Total physics time Total physics time		100

Table 7 :

 7 Physics time distribution on '

HOURS zsoJ gBRCAKDaWH iHSTIWIHB. g BUNKING KAMENAHCE.

Table 8

 8 It. HACUIHE STUDIES

	3.^ Ion source maintenance			
		.Life of	PIG sources depends on the kind of
	accelerated particle and on expected bean intensity.
	Mean values are suaaarized in table 8.		
		hour.		houra		
		21	Kr 7 *	l!4		21. 21.
	Ar ! *	16	Kr B *	tt	0'*	30 30