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SUM MAR Y 

A medium energy pion beam was des1gned at CERN with the aim of alp 

lowing the study of pion resonances . Here we give its main cbarac

teristics and describe the tuning and momentuM calibration procedure. 
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1. INTRODUCTION 

A medium enorgy pion beam. was designod at CERN with the main purpose of producing 

pion resorulnces around a mass ot 750 MeV and in particulnr moasuring tho branching 

ratio for thoir radiative decay' ,2). Tho maximum. momentum was 3.5 GoY/c, but tho tuning 

was made at a nominal momentum of 2.5 GaV/a, at whioh the first of tho planned experi

ments was porformod'). Up to a momontum accoptance of ± 1.J~ tho momontum definition 

at tho experimental target was better than ~ 0.3% as roquired for tho kinematical 

reconstruotion of tho events. The beam haa become, after Borne minor modifications, 

a general PS facility, and we thought it usoful to desoribe its characteristios and tho 

tuning procedure. 

2. BEAM LAYOUT 

The beam layout is shown in Fig. 1 and its 

sOUrce of particles is a. De wiro, 1 mID J1, 20 rom 

optioal diagram in Fig. 2. Th. 

long, placed 100 mrad relative to the 

circulating proton beam. The q, beam starts at 2J.5° and views the target at 1~; 

this ono will then appear as an objeot of (6 + 1) mm in the horizontal plane, and t am 

in the vertical ono. The q, beam has an horizontal {ocus (Ft) at the momentum slit, 

and two double toouses in front of tho field leos (F2) and at the target pOlition (FJ)x. 

fTX 

The acceptance of the beam is determined by the first oollimator, and is 

6.3 x 18.2 x 10-' = 360 ~Br. 

J. TUNING PROCEDURE 

The beam has boen tuned by using two pairs oC counters (1,2) and (3,4). each pair 

oonsisting of a 'tvortical" countor (2 or 4) and of a "horizontal" one (1 or J): they 

had dimensions J mm x 10 mm x L, where L = 32 IDII for "vertical" counters, and L :: 50 _ 

for Uhorizontal" onas, the largest dimension being perpendicular to the beam direction. 

Each pair of oounters was allowed to move right and left, and up and down. with 

respect to the beam dirootion. 

The pair 0,4), and (1,2) "ere plaood at F2 and FJ reBpeotively (Be. Fig. 2). 

A 10 x 10 x 1 oa' oounter (5) about 50 em ahead of FJ was also used. The aagneta and 

quadrupolel, whioh are all standard CPS beam transport elements, were sot at the value. 

oomputed by TRAIW (a CERN Library procramae), and indioated in Fig. 2. 

x The layout allows the installation of a J metre electrostatic separator immediatelY 
alter Q4;it would then be possible to separate positive pions from protons up to a 
momentum of about 1.8 GeV/c. A auss slit should be mounted at 1i'2, as indicated in 
Fig. 1. 
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em 
10 

8 
6 

4 

01 02 BM1 
DH FH 

217.212516. iii 
E 

I .3 
c: 
" 8 

horiz . E 
" 

- 5 -

03 Q4 

FH DH 

241.157. 

058M2 
FH 
98.352. 

I 
I 

I 
I 
I 

06 07 
DH FH 

03 BEAM 25 G.V1e 

22ai307. Amps 

2 

ohL--~+-~~~-+~~------~~~~~~~-----

I u: 

2 

4 

6 

8 
10 

o 

I 
21"13'23 

10 

Collimator: vertical :!" 18.2 mrad 
horizontal ± 6.3 " 

20 

Fig. 2 

30 

rib // 
l/ 

/I 
I 
I 

8· ... 38· 

/ 
/ 

Optical diagram. 

mH = 0.72 

mv= 3.6 
5c = 1.42 eml·l. 
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The last quadrupoles had been adjusted in the following way: 

i) The momentum slit was closed at ± 0.5 oa. 

11) The maximum rate of coincidence. (1,2) was looked tor, as a function of tho 

current in Q6 and Q7. To aocelerate the convergenoe or tho valuos. the current. 

hays been ohanged in Q6 and Q7 BO ae to maintain the position of the fooal point 

unohanged in one plane for eaoh aeries of valuos, 

iii) The pair of Dounters at FJ WAS then moved to soan the beam. The oentre or the 

beam waB found displaced 1.5 IRIII up nnd 0.5 l1li righ t. 

Then QJ, Q4 were adjusted with the rollo.tng prooeduro: 

i) The vertioal locus wsa found by measuring the rate of ooincidences (1.5) aa a 

funotion of the aurrent in Q4 tor & fixed value of the ourrent in QJ. 

ii) The horizontal foous wns found by measuring the rate of ooincidences(2,5) 

aa a function of the our rent in QJ for a fixed value of the aurrent in Q4. 

Qt and Q2 were adjusted in the Bame way. 

The final value. are Ii. ted in Tabl. 1. 
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Table 1 

Q1 = 212.5 A 1 • Quadrupole 

Q2 = 200.5 A 1 • Quadrupole 

8Ml = f.86 A 2 m Bonding Magnet (17 om gap) 

QJ = 21.5 A 1 m Quadrupole 

Q4 = 165.' A 1 m Quadrupole 

Q5 = 98 A 0.5 m Quadrupole 

8M2 = 352 A 1 .. nending Magnet (14 011 gap) 

Q6 = 229.5 A 1 m Quadrupole 

Q7 = J15.0 A 1 m Quadrupole 

The imagos were then explored again at FJ via tho ooinoidenceB (1,2) always with tho 

momentum elit opened at ± 0.5 om. By moving the horizontal oounter 1 up and down,the 

vertioal profile of tho boam was obtained, (Fig. Ja). The Cull width at half maximum 

(FWIW) i. 6 Mm. By moving the vertioal oounter 2 left and right, the horizontal image 

(Fig. Jb) W"B obtainod, with a FWIlId = 10 mm. It h". been cheoked that tho image widen. 

Aooording to the opening of tho lDomentum. slit, as is shown in Fig. 5. In tho samo 

figure the image oorresponding to a momentum slit opening of ~ 0.4 mm is also shown. 

The deoreaso of tho intensity at the maximum is related to the fact that tho imago at 

F1 is lIluah larger than the slit opening. 

At F2 a F1VIIM = 5.4 DUll WAS obtained for tho vertioal image, by counting the 

ooinoidenoes (J.4). This should be oompared with a calculated one of 4 rom. 

Possible miSAlignments in the beam elements were investigated by moving the vortical 

oounters at F2 and FJ with a momontum slit opened at ± O.J mm. It was found that F2 

WAS displaoed by 8.5 rom to tho right oC the Axis. and FJ I mm to tho leCt, AS shown in 

Fig •• 4a and 4b. 

4. MOMENTUM CAI>IDfiATION BY FLOATING \VInE MEASUfiEIIl;NTS 

,) 
The wiro WAS stretohed in the usual way along the beam line from the contre of 

the momentum slit. through FJ to a oomputed position F4. The position of the wire was 

deCined by tho survey with an accuraoy of 0.1 mm. All tho quadrupolos botwoon the 

momentum slit and FJ woro switchod ocr. to get a more acourate oalibration of tho 

deflection power ot 8M2. 8M2 was excited with currents ranging from JOO to 450 A and 

the oorresponding current I in the wire detonninod. BAIl, Qt . Q2 wore then switohed on 

\ 
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a) Vertical beam profile at F3, with the momentum slit at :!: 5 mrn. The zero 

position corresponds to the beam axis. 

b) Horizontal beam profile at F3, with the momentum slit opened at :!: 5 mrn. 

The zero position corresponds to the beam axis. 
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a) Horizontal beam profile at F2. wltb the momentum slit opened at :!:O.3 11111. 

Tbe centre of the image appears displaced by 8.5 mrn. to tbe right ot the 

beam axls (looktng downstream). 

b) Horizontal beam profile at F3. with the momentum s11t opened at :to.3 111111. 

The centre ot the illlage appears displaced 1 mm to the left ot the bea. 

81is (looking downstream). 

53 
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Fig. 5 Horizontal beam prof tIe at F3 for various momentum slit openings . 

at the values of the tuning llnd the dependenc~ of the coinoidence rate (1,1 .. ) on BM2 

current was looked at, all the othor quadrupoles being off. The ntllximum W8.S found 

tor a Durrent of J55 A corresponding to a momentum of 2.545 ± O.OOJ GoV/e, Which there

fore should be considered as tho contral momentum of the beam when tuned. It bAS to be 

noted that, by this mothod, the energy oalibration of the first stage of the boam was 

made (botween PS targe t and momcntum s lit). The ac tual current valuc in 8M2 is then 

affected by the small misalignment of the socond stage olements. The valuus ot the 

eurrents for three dif ferent bOMl momenta are givon in Table 2. 

Table 2 

Momentum (GoV/o) 
Element 

2.545 2.1.50 0.600 

Q1 212.5 20/ ... 6 50.1 

Q2 200.5 19J.O 47.J 
BMl 1,86.0 464·.8 110.2 

QJ 2/.5.0 2J5.9 57.8 
Q/. 165.5 159.J J9.0 

Q5 98.0 9/.,J 2J.l 

8M2 J52.0 JJ5.7 80.7 

Q7 J15.0 J02.7 7J.J 

Q6 229.5 220.9 5' ... 1 
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Notioe that Ql,2,J,4,5,6 arc linoar in tho ran~e obsorved. For Q7_ OM1, nM2 tho values 

of 2.450 and 0.600 GeV/o have boon oomputed aecording to tho curves found in 

PS lnt EA 60-14, Oct. 1960 for 8Ml (17 cm gap) and BM2 (14 cm gap), and in PS lnt EA 

60-5 Aug. 1960 for Q7. 

Pi,. 6 

100K \~ 
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• 
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~. 
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Beam intensity at F3 as a function of momentum, between 1.0 and 3.0 GeV/e 

( ±1% mn~cn tum bite). 

5. INT~NSITY AS ~'UNCTION OF MO~NTliM 

The Intensity hns boon measured for negative purticlos by counting tho singlos 

in counter 5, and tho results are shown in Fig. 6. The momentum slit was oponed at 

± 0.5 om oorresponding to a momentum bite of ~ 0.45%. With this value of the slit 

opening thero 1s no cut in the angular uooeptanco of tho beam. With larger openings 

the beam intonsity inoreasos linoarly up to ± 1.25 cm and thon roachos rapidly a 

saturation value. AS foresoon by tho calculations. The muon and olectron oon

tamination has not been moasured, but it should be 10s8 than 10% also at t GoV/c. 

The intensities were also computod by using the existing experimental data and the 

optioal properties of the beam. Aetually, for instanoo, for 2.5 GoV/c negative pions 

one gets at production·): 

O:;;P) = 3.5 x 10 
-2 -. sr (GeV/e)-' (inelastic interaction-') 

350 mrad production angle 
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and extrapolating to a production anglo of 410 mrnd, for tho angular accoptanoe of our 

beam and a momentum bite of :!: 1%. ono gets 2.7 x 10.01. 1T /1011 interaoting protons. 

Assuming Ll 60% efficiency for tho circulating bcrun (the 10880s boing duo both 

to the general target and target sharing effioiency and to tho olastically scattered 

fraotion of the protons), this number bocomes 1.6 x lOA 1T-/l011 oirculating protons. 

-L/La 
Tho 1088 duo to dooay in flight is, as known, 1 - 0 , when Lo is tho decay 

length llnd is equal to (55PGOV/o) m fOI' tho pion. At the pOSition of counter 5 (1..0 m 

from the origin) one should thon expeot a 1088 of 50% at 1 GoV/c, Jo% at 2 GoV/o, 

13% at 2.5 GoV/c. 

Finally tho oalculntod boam intonsity ut 2.5 GeV/c (6p/p = ! 1%) rosults in 

1.75 x to" 1T-/1011 oirculating protons which is a factor 1.7 lowor than the valuo we 

have measured. This may 1'1'011 be due to normalization error in Jordan evaluo.tion4
), 

or to A wrong calibl'lltion of our monitor in terms of oirculating protons (1 monitor == 

4 X 10· circulating protons). 

6. USE OF TilE 9 3 BEAM IN TilE p ~ 1IY EXPERIMENT 

In the p ~ ny experiment the beam was defined by the ooinoidenco l,lb' 2,5 
where oounter 1 (60 x 3.4 x 7 rom') was at the first double feous, and oounters 

Ib (~40, 1.5 mm thick), 2 (~ 18, 10 mm thiok), 3 (0 20, 10 mm thick), wore just 

before the hydrogen target. 

For the p ~ ny experimont, the q, beam had to be focused at about the hydrogen 

target. To obtain the right displnoomont of tho focus from FJ to the Hz target the 

oorresponding change in the excitation of the last two lenses (Q6 and Q7) has been 

oaloulatod to be: 

(
6i) -. T Q6 = - 6.5 x 10 6S 65 in IU 

- 27.2 x 10 -. 

However the optimum oonditions Which oorrespond to a minimum number of triggers 

with an empty targot have beon found with a foous at about 10 om ahead of tho target. 
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