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The PIL Project (PS Ions for LHC 

Present: B.W. Allardyce, S. Baird, P. Belochitski, A. Blas, J. Boillot, D. Brandt (SL), C. Carli, 
F. Caspers, M. Chanel, V. Chohan, G. Daems, J.P. Delahaye, B. Frammery, J. Gruber, 
S. Hancock, H. Haseroth, C.E. Hill, E. Jensen, D. Küchler, M. Lindroos, S. Maury, 
K.D. Metzmacher, D. Möhl, J.P. Riunaud, C. Rossi, J.P. Royer, H. Schindl, R. Scrivens, 
L. Vos (LHC), M. Vretenar 

 
c.c.: P. Collier (SL), R. Garoby, H. Kugler, K. Hübner (DSU), M. Martini, J.P. Potier, 

C. Wyss (DG) 

 
 
 
1. S. Maury presented the status of the PIL project, reminding us first why the present Pb ion 

beam is not sufficient for LHC: it lacks a factor of ~30 in intensity per bunch and 1000 in 
luminosity. Selected transparencies are attached here in Annex, but the complete presentation 
can be viewed at : 
 
Dfs/users/m/maury/Public/pil311001b.ppt, pilbudget311001.xls and pilmanpower311001.xls 
 

2. The so-called “baseline” project is designed to produce Pb ions (and only Pb ions) for 
injection into the SPS in 2005 so that there can be beam in LHC in 2006 with the advertised 
intensity, luminosity and emittance. To fulfil these requirements, the present ECR source 
giving 100 µA of Pb27+ must be improved by a factor 2 to 3 (principally by increasing the 
microwave frequency to 18 GHz). The Linac 3 must pulse at 5 Hz rather than the present 
1 Hz, and a cavity for ramping the energy by 1% is needed for the combined multi-turn 
injection into LEIR. Some extra shielding will be required. The modifications needed to 
convert LEAR to LEIR have recently been presented in PS Technical Meeting No. 121. LEIR 
needs to accelerate to the equivalent of a Bρ of 5 Tm because of the ∆Q at PS injection which 
means also a new PS injection septum and kicker. Then the beam needs to be accelerated in 
the PS to the equivalent of 26 GeV/c because of the ∆Q at SPS injection. However, no new 
cavities are needed in PS. After extraction, the beam is fully stripped in a low ß region in 
TT2: this low ß insertion is needed to keep the emittance small before injection in the SPS.  

 
3. The overall cost of this “baseline” project is 3.355 MCHF (in addition to 15.2 MCHF for 

LEIR), and it needs to start in 2002 if the time schedule is to be kept. The critical path items 
are cavities and power supplies, and the e-cooling for LEIR. The total cost of delivery of LHC 
ions to the SPS is therefore 18.555 MCHF. 
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Questions were raised concerning the controls, the instrumentation (especially in the low ß 
region in TT2, and the existence (or otherwise) of 6 power supplies for the TT2 magnets. 
S. Maury undertook to check that these points were adequately covered and to refine his 
cost/manpower table accordingly. 

 
4. S. Maury then presented two variants concerned with the ion source. The first would be a 

1 mA ECR source of 450 µsec which could be the outcome of a collaboration with 
Grenoble/GSI and the second would be a laser ion source (LIS) of 6 mA and 5.5 µsec which 
could be the outcome of the present PS project in collaboration with Russian labs. The 
development of a LIS source started 10 years ago with a collaboration between CERN and 
ITEP and an integrated cost of close to 3 MCHF. A 100 J laser developed by ITEP is to be 
delivered before the end of the year for tests with beam in 2002.  
 
Unfortunately neither of these sources works today, and realistically we have to wait beyond 
2002 to know if either is a valid possibility. If such sources were available, it would open the 
possibility of direct injection into the PSB, and LEIR would not be needed; in that case there 
could be an economy since the total cost of source plus PSB vacuum modifications would be 
somewhat less than the cost of preparing LEIR, although this has not been studied in detail. 
 
However, the time schedule of LHC dictates that we cannot delay starting LEIR until we are 
sure the alternative route is valid. 

 
5. After discussion of the options it was decided that  

 
a) We must start in 2002 on the PIL/LEIR “baseline” option which so far is the only 

certain way to give the required Pb beam in LHC in 2007. 
 
b) The ECR source collaboration should continue since it costs us no money and only 

minimal staff resources. 
 
c) The continuation of the LIS source development will be reviewed in the coming months 

with three possible options: 
 

i) to stop the work, 
ii) to move the work wholly to the Russian collaborating labs. 
iii) to continue with LIS at CERN in 2002 (at a cost of 250 kCHF to be paid by the 

PIL project), since the LIS is presently at a stage where results can be expected in 
2002 to enable a clear decision as to whether or not a LIS seems to be a viable 
option. 

 
6. In the discussion it became clear that the baseline ion project for LHC needs Pb-Pb collisions 

from 2007 to 2010, and that a second phase will follow where collisions of other ions (Ar - Ar 
or 0 - 0, etc.) are needed. M. Chanel stated that the proposed baseline project will permit such 
other ions and will produce the required beam intensities (see table attached) but no analysis 
has been undertaken to see if any additional costs would be generated. 

 
7. It was then also decided: 

 
- to request a formal list and requested performance of the other Pb ions to the LHC 

management; 
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- to identify the necessary modifications and corresponding cost of the baseline scenario 
for the other ions; 

 
- to study the technical feasibility of the two variants including their cost; 

 
- to publish a note on the PIL and LEIR projects before the end of the year. 

 
 
 

B.W. Allardyce 

















Other ions
ION / ion ch. 
state in LEIR 

"max possible" 
LHC ions/bunch and 
efficiency assumed 

space-charge 
limit in PS[-0.25] 

Limit/Needed 

Space charge limit 
in SPS(-0.07) 
Limit/Needed 

ratio: 
obtainable/ 

required 
Pb(82) /   54+ 7E7/0.3 9E8/4.6E8 1.2 E8/1.2E8 1.0 

     

In(49)  /   37+ 2.8E8/0.4 1.4E9/1.4E9 2.9E8/4E8 0.7 

Kr(36) /   29+ 5.5E8/0.5 1.8E9/2.2E9 4.4E8/7.3E8 0.6 

Ar (18) /  16+ 2.2E9/0.5 3.8E8/8.6E9 1.2E9/2.9E9 0.42 

O(8)     /    8+ 1.2E10/0.6 0.85E10/4.0E1
0 

4.3e9/1.5E10 0.20 

     

He       /   2+ 1.5E10/0.6 1.6E10/5.0E10? 1.8E10/2.5E10 0.32? 
 • PS-SPS transfer 26GV…SPS RF 200MHz
• always 4(split) bunches from PS to SPS
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