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1. INTRODUCTION

An experinentl) to Eeasure che pion and kaon yietds from collisions of
400 GeV proEons in a beryllium target required an absolut,e Eeasurement of proton
intensity. For practical reasons this experimenE could only take place in the

North Area (NA) of the SPS, using the T2 Èarget station in ehe target ha11 TCC2

and the Il2 secondary bea.m line to measure the yields.

A prirnary proton beam of 400 GeV is extracted from Ehe CERN SPS in LSS2 and

sent to TCC2 via the TT20 transfer line (see Fig. 1). lwo splitter stations
distribuÈe the proton beam over three branches, whieh feed the targets T2, T4,
and 16.

For this yield experiment, an absolute calibration of the standard secondary

ernission monitor TBIU 23 09 49 (see Fig. 2), which ueasures the proton intensity
incident on the target T2, was carried out. The target monitors of the staÈions
T4 and T6 (see Figs. 3 and 4) were included into the calibration program, because

this is of general interest for che users of the secondary beam lines. Eurthermore,

only the calibration of all three TBIU uonitors in TCC2 perurics a survey of their
long-tenn stability under varying splitting racios.

Usually such intensity calibrations are carried out using a fast extracted
beam and the reading of a beam current transformer (BCT). I{owever, such a BCT

does not exist in the TT20 bean line, and in any case fast extracÈion to the

North Area is not possible so far. Thus an auxiliary experiment was proposed,2)

in which a stack of thin ah.miniuu plus copper foils r,rere to be exposed to the

fasÈ extracced prot,on beau in 1T60. In Ehis way, the ratio of a specific radio-
activiÈy of the foils, as oeasured with a ganma spectroueÈer, per incident proton

intensity, as recorded r,rith che BCT in T160, could be deterrined. Identical foil
stacks rùere eo be irradiated in the beams incident on T2, T4, and T6, and iroo
Ehe radioactivity produced in these foils the incoming proton intensity could be

evaluat,ed. The targeÈ beam nonitors in TCC2 could thereafter be calibrated frorn

Ëhe measured proton intensity.

this note describes the results obtained in this caLibration experiment, a

eorollary of which rras the measurenent of the cross-seccions of the reaccions used

(Al, 2qNa; 41, ttF; cu, 2bNa). Furthernore, Ehe results of the long-teru sur-
veillance of the TBIU uronitors in TCC2 are given.

2. TIIE IRRADIAÎION

Foil stacks consisting of 6 foils each (three of aluminiuo, 0.04 mm thick-
ness, plus Ehree of copper,0.05 mr thickness) were prepared. Those destined for
irradiation in the North'Target Area were 10 cru x 10 cm in size; that for the

TT60 irradiations was 18 cm x l0 cm since a motorized arm could be used to move
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ehe foil into a new posiEion for each different irradiation. The aluuinium

foils were placed upstream in each case. The foil stacks nere supported in
light stainless-steel frames which could be placed quickly on the jigs prepared

in front of the targee stations and the 1T60 irradiation position.

For the irradiation,in TCC2 the splitting ratio was ehanged so that the pro-
ton intensiey in each of the three bra:rches was approxiroately equal. The proton
beam to che North was then stopped and access granted Eo TCC2 to allow the foil
stacks to be placed upstream of ehe targets. Extraction of procons was restarted
and irradiac,ion of the foils continued for 113 machine pulses. At the end of
this irradiation the foiLs rùere removed and normal physics operat,ion for the
North Areas was resumed.

The extracted beam to the West Area (tr,IA) was then interrupted by inserting
the TED beam stopper in TT60 and the slow extraction ac 210 GeV was stopped.

AfEer verification of the extracted intensities the SPS ûras stopped to aLlow

access to the irradiation area of TT60 for the insertion of the Éoils. Vacuuo

window proteccors just upstream of the foils were removed to avoid stray radiation
problens.

Three different foil irradiations were made in TT60, the first one at 400 GeV

with coherent half-inËeger (FFS) extraction and the two subsequent ones wiÈh

195 GeV fast extracËion (FE) 
"

The first foil spot was irradiated at 400 GeV FFS extraction wich 7 x LOrz

protons per pulse (ppp) for 33 pulses, and Ehe second one at 195 GeV FE with
5.8 x 1012 ppp for 11 pulses. The intensity of the FE beam was thereafter reduced

and a second 195 GeV irradiation started, this tisre for 99 pulses. Details of
the TCC2 and TT60 irradiations'are given in Appeudix I. The standard extractions
were then set up again, and normal physics operation in the West Area was resumed.

After irradiation Èhe beam positions in the stacks were determined from con-

tact radiographs nade using polaroid films. Disks of /+0 mrn diameler irere punched

ouE of the foils using the beam position as centre. Additional d,isks were

punched out anay from the beam position Èo check for baekground and halo effects.

ASSAY ÎECHNIQUES

The cenEre disks from each steck, and Èhe off-centre disks, were placed in
turn at a disEance of 10 cm from the upper surface of the NaI gaaura spectrometer

of the SPS-RP section. Perspex sheets of 6 mn ehickness were placed above and

below the disks to ensure that all posicrons enritted were converted close to them,

and that therefore Ehe source of the 0.511 MeV annihilacion gammas could be con-

sidered as punctual. 2aNa accivities in aluminium and copper $rere estimated from

Èhe counts in Ehe 2.75 l4e:i- full energy peak in the gauma specÈrutr; l8F activity

t

3
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in the aluminium disks was estimated from the annihilation gauma peak using a

least squares analysis to reoove the 2hNa contribution.

the aluroinium and 
"àpp"r disks were also counted for 2bNa by the RP-Siee

section using their GeLi gaunra spectrometer system.

The results given in Table I are the effective counts per second (SPS) or
disintegrations per second (Sice) of the irradiated disks corrected for decay to

the end of each irradiation and for decay during each irradiation. The error is
that derived froo the r"reighted means of all measurements on the sane disk taken

wich che statistical counting accuracy of each Eeasurenent. The error in the

assumed efficiency for the t'Sitet'measulernents is not included.

The so-called 195 GeV* irradiation of lable 
'f 

i. irr. faet the short 195 GeV

irradiation at high intensity

the activities of the off-cenÈre disks are given in Table 2. The activities
of the off-centre copper disks were insignificant., whereas the acÈivity of 2aNa

in the aluoiniun disks was about Ll of the activity of the corresponding centre

disk. Because off-centre activiÈies are not available for che 18F activiEy, the

correction has noE been included in the subsequent analysis.

BEAI,I CI'RRENT IRANSFOR},IER CAI.IBRATION A}ID I4EASUREME}TT S

The calibration of the NA earget moniËors TBIU and TBID described here

depends essenEially on the accuracy of che intensity Eeasurenent of the procons

incident on the foil stack in TT60. The flux of the proton beam in TT60 was

recorded with the beam current transforarer BCT 61 03 07 situated about l0 m upstreau

of the foil stack. Because of the short distance, any substanEial loss of Protons

becweea the two locacions can be excluded.

During our experiment rùe have checked carefully, in different rrays, whether

the absolute calibration of this BCT qras correcÈ.

Firstly, the calibretor a precision currenE source (< 3 x 1O-''), which caa

be switched into a one-Èurn winding, was used to provide an absolute calibration
of the BCTs.

the Eransfer line BCTs have about 60 dB of feedback and should read accurately

to 10-3 without correction (see lable 3). Ilowever, lhe calibrator reading for
the extraction BCT 61 03 07 was 502.2 x l0l0 ppp (average of 10 pulses). Checking

this transformer after the experiment showed that the calibrator currenE was set

equivalenE, to 502.0 x 10lo ppp. Therefore no correction is needed for che extrac-

tion BCT 6L 03 A7,

The uain ring BCT No. 3, which was also used for the cross-calibration of

Ehis extraction BCT, gave a calibrator value of.497.8 x l0lo PPP (average of
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Table I

Decay corrected ac.t-ivieies

Àlu'îlnlum-Sodlum 24

4OOGpV
I 95GeY
I o5GeV*
T2
T4
T6

sPs
Error
0. t0

o8

Coooer-Sorilum 24

cos
21.8r
t 3.26
5.5.3

t2.25
r 9.82
26.31

cps
r5.43
9.2j
3.89
8.2 3

I 3.9C
I 8.63

PS
E rror

0 .40
0.16
0.07
0.r2
o.20
0.20

0
0
0
0

04

dos
49 4A
3100
| 206
26 33
45 38
6t o7

mtns
mlns

disks

Cnooer-So'ttun
ccs

Stte
rlos E rror

707A t21
4309 t29
1757 62
4002 96
657A r 64
856r I 88

St te
Error

79
l4t
t65

.07

.il

.t6

4tfGeV
I 95GeV
I 950eV*
T2
T4
Tô

Alunlntun-Fluortne l8

4U)CaV
I 95Gev
I 95GeV*
ï2
T4
T6

aOSCeV
I 956qV
I 95GeV*

S

H^LF-L IVES

o00.0
t00.8

t 38
tt2
52

t
c r'5

r0l2
â14
264
60r
934

| 283

sPs
E rror

3
l4

3
7
6

l4

PHoT()N INTENStltÊ5 FRoV 8CT

2.431e+l 4 nrotons
1.5288+14 orotons
6.375E+l 1 orolons

IRRAOITTI0N TIMES

400GeV
I 95Gp V
I 95GeV*
T2
T4
T6

lla-2 4
F- r8

5.r3
l5 .68
I .60

t7.92
t7 .92
t7 .92

'1lnsqtns
nl,ns
rntns
m tns
ntns

Table 2

Activities of off-centre
il.Irrr lntrrn-Sorrltrn 24 (;PS )

cos Êrror
Fal I

I ,.1'; 
'-,11i.j1;.y i)

| 95- I 95r(;. V i)
T2
T4
T^

0.20
q.l4
0.0.1
0.04
o.t 2

0.02
<0.01
<0.0t
<0 .01
<0.0 I

0.o4
o.11
0.o3
0 .04
0 .04

24 (SPS)
€rror
o.03
c.03
o.oi
o.03
o.ol

f) Froo disks punched out of che TT60 foil in Èhe area situated in
becween the 195* and 400 GeV respeetively the 195 and 195* GeV
beao positions.



.l

-5-

10 puises) instead of 500 * 1010 ppp. This error is comparible wirh rhe finire
closed-loop gain (about 40 dB) of the magnetic amplifier. Therefore the readings
of the rnain ring BCT No. 3 were raultiplied by 1.0044 to give the correct value of
the circulating proton beam.

Table 3

the principal specifications for the SPS BCTs

Main Ring Transfer lines

LF cut-off
tIF cuÈ-off
Precision
Resolutiou
Calibrator

d. c.
L}/Jtz

1o-2

1 x lolo ppp

5 x lolt ppp

.10 ltz

1 MIiz

1o-3

1 x tolo ppp

5 x 10lt ppp

(ppp = protons per pulse)

Secondly, rre coupared the readings of the extraction BCT 61 03 07 and ehe

nain ring BCT No. 3 for fast (FE) extraction at 195 GeV and for fast-fase-slow
(FFS) or coherent half-inceger extraction at 400 GeV as seË up during our

experiment

Fast extraction at the SPS is nornally nade by synchronizing the rise of the
rnagnetic field of the kicker systeu with the gap of 2.1 U. in the circulating
proEon beam. During Ehe rise-Ëiure of the kickers, which is only 1.2 ps, prac-
tically no protons are lost on the extraction septa. I{ence Ehe efficiency for
fast extraction of all circulat,ing protons should be 1002, which provides a rueans

to cross-calibrate a BCT in the TT60 via a uain ring BCT.

The extraction efficiency for FE nas Eeasured by comparing the loss of cir-
culating be*n as read by the nain ring BCT No. 3 with the intensity of the extrac-
ted beam as read by the extraction BCT 61 03 07.

AË 195 GeV FE tre Eeasured the following extraction efficiencies of
(99.S9 t 0.37)Z (average over 11 pulses of 6 x lOtt ppp) and (100'.57 ! 0.86)Z
(average of 99 pulses of 1.5 x 1Ol2 ppp). Only statistical errors are quoced

corresponding to one standard deviacion.

Since, furthermore, a comparison of the other two BCTs in the West transfer
lines with the extraction BCT showed idencical readings, we conclude EhaË our

reference BCT 61 Of C7 is perfectly calibrated within < L7., at least for measuring

che intensity of a fast extracted proton beam.
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However, for the direct comparison of the NA and WA foil activities an

irradiation of the 1T60 foil with 400 GeV protons r.ras required. Only in this way

did the absolute calibration of the TCC2 sargec monitors become independent of
any energy-dependent variation of the implied production cross-seceions.

At present, a fast exÈraction at /+00 GeV is not enployed, because of risks
for the extraction channel*). Therefore, a FFS extraction was used Eo irradiate
the foils in T160 with 400 GeV protons.

Again the extracEion BCT was used to normalize the measured specific activi-
ties (see Section 3) per proton incident on the foil stack.

Ilowever, this type of exÈraction is less t'clean" Ehan fast excraction, and

because of the losses no simple cross-caLibration of extraction versus nain ring
BCTs is feasible. Apart fron the extracted protons, circulat,ing bearn will be

lost owing to

a) beam lost on, the sepË,um wires (S 3Z);

b) dunping of non-extracted beau;

c) bean lost in an uncontrolled way in the nain ring during extraction.

With the present BCT acquisition sysËem a proper discriurination between the

di.fferent processes (a) to (c) is virtually inpossible.

r,,ie first neasured che extraction efficiency wich the nachine sec,-up for a

tno-turrr extraction. This gave an extraction efficiency of 90.72 (averaged over

20 pulses). We ehen delayed the early dump to see hoqr nueh beam was being lost
by dunping the circulating beam already after a Elro-Eurrr extraction. This gave

an extraction efficieacy of g3.L7. (averaged over 33 pulses of about 7 x l0lt ppp).

the measured efficiency for 400 GeV FTS seens rather low ifl one takes into
account oaly the calculated 32 of, proton losses due to the electrostatic septurtr

rires3).

Therefore, we used the resules of the foil irradiation in T160 in order t,o

obtain an independenÈ cross-check for the accuracy of the extraction BCT readings

at 400 GeV FfS extraction. A detailed description of this ureEhod is given in
Appendix II. From the argurnents presented there, r,re conclude that the readings

of the extraction BCT are correct also for the 400 GeV FFS extraction. The

measured difference of about 2.77" in Ehe foil activity per incident proEon, !,then

cooparing the 195 and 400 GeV irradiations, is attributed to a small increase of
the inplied nuclear cross-sections with higher protoc energies.

*) In the neantime, a fast extracted beam of 400 GeV has been used for the WA

neutrino bean duop experiment. 0n this occasion we have verified Ehat the
readings of the extraction BCT and of che nain ring ABGT agree within <tZ.

L
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5. ESTIMATES OF TTTE TCC2 PROTON IMENSITIES AND SECO}IDARY EMISSION EFFICIENCIES

The TCC2 proÈon intensity estiuated from the formula:
("TT60 BCT protons" x "TCc2 target foil activiry")/"TT60 foil activitytr, is given

in Table 4 for each target sE,ation and each monitor reaction normalized to each

TT60 exposure. Foil activities $/ere nonnalized for the slight variations in foil
thicknesses. Tests for sysEematic errors were nade by taking the weighted means

of differenË sub-groups, e.g. all 400 GeV nonralized daÈa, respectively all (41,
2qN") d.ata. Two estimates of error on these weighted oeans are given: the first
is calculated from the errors of the quactities in the activation aeasurement

raaking up the mean; the second (the scatter) is the esEinate of the standard

error on che mean calculated fron Èhe scatÈer of the daEa around that mean. When

these two estimates of error are equal this i.nplies that all errors are mainly

due Eo count,ing statistics; a larger scatter estinate would inply the existence

of other effects, sueh as local variations in foil thickness, or randou BCT errors.
As menËioned in Section 4 and discussed in decail in Appendix II, there is a dif-
ference of about 2.77" bet,teen the 400 GeV and the two 195 GeV nomralizaEions.

There is, however, no systemaËic difference between the daca for different gafiura

spectrometers nor between those data from Ehe different moniEor reactions. In

a1l cases the error on the means is snaller than 12.

the number of proËons passing through the TCC2 foils on different bases (a11

data, 400 GeV data only, and 195 GeV data only) is given in TabLe 5. In addition,
these numbers are conpared with the number of protons calculated froo the BSI-1

signat of the ÎBIU aroaitors (see Figs. 2 to 4) for the noninal calibration of
1.36 x 1012 protons per volts-bit (see Appendix III) as used up to now at the SPS

for the targets T2, T4, and T6. The error quoted in lable 5 includes the error
of the activaEion measurecrents (see Table 4) and a LZ error in the T160 procon

inteasity as measured with the extraction BCT.

Table 6 shows the final results of our calibration experiment for Ehe ÈargeÈ

monitors TBIU and TBID of the stations 12, T4, and. T6 in TCCI. The "foi1 protons"

are based on Ehe 400 GeV data only in order E,o avoid that the calibration could

be influenced by an energy-dependenE variation in the iurplied nuclear cross-

sections. In addition to Èhe secondary eoissiou efficiency, the measured cali-
bration coefficienl (protons/volts-bit) is given (see also Appendix III).

6. LONG-TERIY STABILITY OF TTTE BSI-1 DETECTORS ON TTIE TBIU TARGET

MONITORS IN TCCz

The absolute calibration of the secondary emission monitors TBIU and TBID of

the Earget,s T2,14, and T6 (see Figs.2,3, 4) has been described in Ëhe preceding

sections. The experimenÈ was perforrned during physics operaËion of che SPS under
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Tablè 4

Procon intensities

T2 Tarqet Exrosrrres

rVornal i.ze4 to 4lCCeV
Reacti on .Drotons Error
Al '.la-24 SPS 1.357 0.010
Al i{a-24 Site I .365 0.041
Cr-r i{a-24 SPS 1.351 O.O.'.O
C'.r I'la-24 Site 1.352- 0.056
AI F-r8 SPs r.435 0.0r6
r'iei3hted \feans

A li 4CCCet/
A 11 I o5GeV
All I 95GeV*
Lll A.t I'ta'24
Ail Cu itra-24
Â.iI Al F-l3

A tI riata

T4 Tarqet Exoosure.s

i'fcrral i zed to 4OlCeV
Reaction Protons Error
Al I'la-24 SPS 2 .25 4 3 .0 I 6
Al Na-24 Sita 2.315 C.071
Cr: iJa-2n SPS 2.25C O.066
Cu i\ia-24 Site 2.297 0.094
A.l F-t8 SPS 2.2)t 0.0t6
i^re i 7h I ecl ileans

Âll 1)OCeV
AII I 95GeV
A 1l I 95GeV*
A.lt Al Na_24
A.ll Crr Na-24. AII AI F.I8

All d.ata

Il_Ii:r:_:i1i:i:::
}.lrrnal. Lzed lo 4QCGeV
Reaction Protrns Êrror
Al ita-24 SPS 2.9e1 a.C23
AI lJe-24 Site 2.933 C.C85
Crr r,la-24 SPS 2.97 i C.OA3
Cu i'Ia-24 Si te 3.0a8 0. I lo
Al F-l?. sPS 3.t3r X.O31
;te i 2h t erJ l'f eans

A ti 40C0eV
Al! t )5Cev
A ll I 95GeV*
.ÂIl. Al lla-24
AII Crt ita_24
Ali. A.l. F-lil

I .3ÇA ).OO5 O .OOe x I .OE+l 4

l95Ge\!
Protons trrror
l./.la o.cl2
I .426 0.055
t.420 0.129
I .35 I O.i64
| .42^ 0.035

i,{ean
t . :l7q
I .4t3
| .412
1.3e8
r.3e5
1.435

I a5GoV*
Prrtons Errlr

I .400 0.0 I 3

l.aa'1 O.)'5.'
t.415 0.î.33
I .45n I .)7 6
| .43o O .1121j-lrror Sca ttqr'

o. ocl 0 .ot 7
o.o to 0 .oo5
0.0r c o.ooe
).0o7 c.ol 3
c .ot7 0 .01 4
).ot 2- o. 103

\,

I 956eV
Frotons Err,rr
2 .357 0.0I o
2.408 0.C94
2.363 C.04c
2 .296 0. r00
2 .27 3 0.O52l,{ean Srror

2.273 ,l.t I I

2.35C ').O17
2.32i 0.01,5
2.3O7 i).0 I I

2 .333 :) .021
2.291 0.0 I 3

I 95ilc tr'*
Prctons lrrnr
2.i27 0 .D2t
2. r,3t o .l 15
2. 339 0 .X54
2.46t, a.l'lt
2.29 6 n .123

Scatter
0 .10e
x.)t a
o.ot 5
c.c2t
o.x23
o.)o4

2.314 0.0C3 C.Cll v l.oÊ+14

l95Gett
Protons ErrT r

I 95rlôV*
Prrtclç Error

3.

.3.
3.
3.
gâ

tt4
t22
t23
047
il0
n

o.c27
c. ll6
a.156
0.133
o .077

Srror 5ca tt

a7<
.r5r

.27 i)

.t4?-

1.)24
1.111
a .14a
X .l 4,7

o .:) éo
3

â

.o22 O.0r? o.ci
i{

j
?

3
3

.il5

.oç9

.o44

.o8n

.I _?4

4.c22
'J.t)1)
3.015
) .o3.t,
,.o27

o .305
I .Jl9
O.:)27
o .c20

3 .071 ') .01 2 O .117 r( | .0:+ | 4.All -iata
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Table 5

Target proton incensities

"r2 T4 T6

BSI-1 protons

All data

Foil protons

Error
Foil protons/sst-1 proÈons

400 GeV data only

Foil procons

Error
Foil protons/BSI-1 proËons

195 GeV data only

Foil protons

Error
Foil protons/BSI-I protons

1.799 x 101','

1.399 x lol''
L.4Z

0.778

1.379 x L01'*

L.8Z

0,766

1.415 x 1ol"
1.82

0.787

2.L97 x 1oI4

2.304 x 10r"

t.2z
1 .053

2.273 x 101''

L.L7.

1 .039

2.337 x 1or'*

L.LZ

1 .069

2.905 x Lol'*

3.071 x 10l'*

L.27"

1.057

3.022 x lolq
L.57"

1 .040

3.107 x lOl'*

L.57.

1.070

the foil protons are calculated from:

''TT60 BCT roËonstt x "TCC2 Tar t foil activi
'rTT60 foil activity"

The BSI-1 procons are determined froo the BSI-1 signal of che TBIU nonitors
for the nominal calibration of 1.36 x 1012 protons/volts-bit as used up to
corù aE the SPS for T2, T4, and T6.



Table 6

Effieiencies of TCC2 target monitors (based on 400 GeV data only)

o
I

Calibration
coefficient

(pro tons /vo 1 ts-bi c)

0.940 x 1ol2

0.968 x lor2
I.o42 x lor2
1.081 x l0l2
r.87"

r.4L4 x l0r2
1.392 x l0l3
1.r7"

1.4r5 x l0l2
I.gg6 x 1012

r.57"

The measured monitor signals for Èhe calibrated secondary emission monitors in TCC2 are given together wittr
the foil protons as obt.ained from the measured foil acEivities. The measured signal of the T4 TBID is smaller
by a factor of 10, because of the larger capacitance for the BSI-2. The lasÈ tûro columns contain the nreasured
secondary efficiency and the calibration coeffieient (see Appendix III). As long as the integrator capacitors
are not exchanged, the lZ tolerance in the capacitances must only be talcen into account for the systematic
error iu the secondary emission efficiency.

Secondary
emiss ion

efficiency
(7")

6.50

6.32

5.86

5.65

2.r7"

4.32

4.39

L.5%

4.32

3.24

L.87,

Foil
proCons

1.378 x 10rt
tl

lr

tl
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stable Eachine condicions. The period of tind needed for the irradiation of the
foils exposed in TCC2 was 18 minutes only; therefore it has to be considered as

one single data sample during a run of several weeks.

Earlier measurementsb-?) have shown that the sensitivity of secondary
emission monitors varies with time, with thL size of the beao spoE, and with the
integral dose of traversing proÈons. In order to estimate Èhe validity of the

calibration experimenE an investigation of the long-tera stability of the TCC2

Eargel monitors during two physics runs was carried out.

The only precise uethod of doing this is by repeating, at regular intervals,
the described activatiou measureûents at the location of the EargeE moniÈors.
However, this would cause Loss of ciue for physics of aE least one hour per Eeasure-
l0ent because of the necessary time for access Eo the TCC2 target zone. A less
accurate but nevertheless reliable indirect oet,hod was therefore used to esEilqate
Èhe unknown variation in sensitivity of the secondary emission monitors of TCC2.

6.1 Mechod

Alnost once every day during the physics runs, the signals of the concerned,

target TBIU BSIs of T2, T4, T6 and of tlto other secondary euission sroniËors in
TT20 have been measured and nornalized to the ABCT reading of one of the main
ring currenE transforrners. Each Ereasurement was averaged over Èen consecutive
stable nachine cycles. The data obtained are Èhus independent of beara inËensity,
but conÈain variaEions due to changes in extracËion efficiency, splitting ratio,
splitter losses, and detecËor sensitivities.

Variations in the splitting ratio can be elininated by sumring up rhe BSI-1
deÊector signals for the targets T2, Tt+, and T6, termed [asr-r, for each cycle
during the measuremenEs. Changes in the extraction efficiency can be renoved by
nornalizing the [nSf-f signal Eo a conirton derector in TT20, assuuing thar Ehe

variation in sensitivity of this latter monitor could be neglected during rhe
period of interest. The variations of Ehe thus noraalized lBSf-f signal can then
be due only to changes in splitter losses and in detector sensitivity.

The TBID oonitors downstream fron the T2, T4, and 16 targets were noË in-
cluded in the long-Eenr surveillance, beeause the required Êarget removal from
the beam would have disÈurbed the physics runs.

6.2 Results

Table 7 shows the average values and the standard deviations of the rough
data for the periods 8A and 88 and for Ehe calibration experinenE nade on

20 Noveurber 1978. The detector signals are already normalized on the ABCT reading.
fte JBSI-I has been calculated, direccly from che BSI-1 signals of. T2, T4, and, T6

çrithout taking into account the observed differences in che individual secondary
eoiss ion efficiencies .
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Table 8 shows the results of lable 7, but corrected for the individual

efficiencies. In order to facilirate the corparison of both tables, the secon-

dary ernission efficiency of the BSI-1 of T6, called €5, is taken as reference'

Therefore, only the BSI-1 signals of. T2 and T4 are corrected by the corresponding

efficiency ratios eelez resPectively ea/e+-

Table 9 shows the results of Table 7, buÈ noroalized to Ehe common deteceor

BSI 21 02 79 in TT20. The figures given are therefore independent, of changes in
the extraction efficiencY.

Table 10 is obtained fron Table 9 after a correceion for the individual

secondary emission effieiencies. Again, es is taken as reference as explained

for Table 8.

The last coluurn gives rhe scandard deviaeion of the JBSI-I signals in
percenf.

For rhe T2 IBIIj monitor, Table 11 shows t,he ratio of the signals from the

BSI-2 srirh Ehe Ni derecr,or foil, and che BSI-1 with the Al detector foil.

6.3 Conclusion

A study of the results shown in Tables 7 to 10 gives the surprising result

thag Ehe [nSf-f signals, when the experioental data are compared with che data

of both physics runs 8A and 88, differ only by about 27. provLded that a correction

for the individual secondary emission efficiency is not yet applied (Table 7);

whereas after this correction the difference iacreases to about 72 (Table 8). A

cooparison of rhe [ASf-f signal beÈween 8A and 88 yields only a difference of

about 12, which is well within the sEaû.dard deviations (22 for 8A and 47 for 88)

of these neasureutents.

The surprising result of the reduced [aSi-f signal as recorded during our

irradiation experimenr, (see Table 8) is nainly explained by the fact chat for our

irradiation experimenE we had to uodify the splitting ratio in such a l,tay ËhaE

the doses received by the irradiated foils were roughly equal. UnfortunaEely'

there was !.ot sufficieot tioe for careful optioizatiou of Ëhe beao position on

the splitrers, and therefore the splitt,er losses during the calibration experi-

ûene were ouch higher than for norual physics runs.

A detailed scudy of all individual measuremenes during cire irradiation experi-

ment and the two physics runs shows ÈhaE : 47" of the 7Z difference quoted above

are due to beam loss on the splitters, the remaining J 32 being due either to
other losses in Ehe beam line dordnstream of the splitters or to urodified sensi-

tivity of the targec beam monitors.

Hence the following conclusions:

l) During Ehe physics runs a stabiliey of'r, 4Z for tfre [ASf-f signal of the up-

stream Èarget monit,ors TBIU of T2, T4, and T6 has been measured.

L
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2) A sensitivity change of 37" for Ehese monitors rnay have oceurred owing to

urodified beam opEics.

3) Therefore, in addition to the error on the absolute calibration as given in
Table 6, we quote a global error of about 77. fot the stability of the BSI-1

of T4 and T6 during the periods 8A and 88. However, only about 102 of the

tot,al beam was sent to T2; eonsequently, because of its correspondingly surall
contribucion Ëo tire [eSf-t signal, this error could be larger for the T2

BSI-1 detector. An additional estinate of the T2 BSI-1 scability is derived
frou the raÈio of the signals from the BSI-2 (Ni detector foil) and che BSI-1
(Al detector foil). The neasured variation of this ratio of tZZ does nor

indicate a much larger instability for this nonitor than observed for the

BSI-1 of T4 and 16.

4) Although during period 8B Ehe average beam intensity to the NA was about 402

higher than in period 84, chis had virtually no inÊluence on the nonralized
bean nonitor signals. It, can therefore be assumed thaE Ë,he sensitiviry of the

Èarget monicors was independenE of the beao intensity to within a precision
of. S 27".

MEASURET€NT OT CROSS-SECTIONS

Frou the knowa efficiencies of the SPS NaI ga.nrma spectromecers-s) it was

possible to esÈinate the activity of zhNa and 18F in the exposed foils. The

efficiencies are known to within a standard deviation of, 32. The calculated
activiEies ale compared with Ehose measured by the Sice section in Table 12,

which shovrs Ehat any difference is within Ehe errors quoted. From these data and

the measured foil thicknesses the cross-sections for the oonitor reactions rrere

deternined.

There is very lictle data available giving these cross-sections at 400 GeV.

Some measureuents have been roade by the Argonne groupt0) at Feroilab. These and

other oeasureûents ere suomarized, in che Fernilab Radiation Guideit), but Èhese

values are quoEed without errors.

The value's determined for the Cu-2hNa and the A1-2bNa cross-sections are in
good agreeurenc wich the other daca, but thac for the Al-l8F reaction is somewhat

higher. Back-scatter and build-up of activity in ehe foil stack could give rise
to higher activities, but one would expect the discrepancy to be largest for the

reaction with che lowest threshold energy, i.e. A1-2aNa. We propose to investi-
gate Ehese effects in future exposures. The systernatic difference betreen Ehe

400 GeV data and the 195 GeV data is also noticeable.

L
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lable 12

Cross-sections of moniEor reactions

+) Based on an 8.0 ob cross-section for Al-zhNa

SPS Site Mean
Irradiation

(Gev) dPs Error dps Error dPs Error
Error

400

195

195*

FNAL 4OO

cu-2 aNa

400

195

195't

FNAT 4Ob

$:llg
400

L95

195*
gNAL 4OO

300 (Ref. 10)+)

A1- 2 aNa

6920

42L0

L760

4900

2930

L235

45000

28800

11700

2LO

130

50

7080

4310

L760

190

100

40

4950

3100

LZj6

1400

1100

400

200

160

80

170

130

60

7000

4260

1 760

4920

3020

L220

30

80

35

1

140

100

40

0.2

Cross-
section

(rnb)

8.82

8.44

8.48

8.4

0. r8

0.20

0.2r

0.10

0. 10

0.11

0.20

0.27

0.22

6,92

6.96

6.88

5.8

5.9

3.96

3 .89

3.76

3.8
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8. CONCLUSION

The secondary eurission moniÈors TBIU and TBID of the NA target sÈatioos T2'

T4, and T6 have been calibrat.ed by measuring the induced activity of thin Al and

Cu foils irradiated in TCC2 jusc upstream of Ehe targets by a 400 GeV slow

extracted proton beam. In an auxiliary experimenË in TT60 the ratio'of induced

act,ivity per incident proton intensity -- the latter measured with the BCT in the

TT60 proton beam line -- was determined for 195 GeV fast extraction and 400 GeV

FFS extracEion. the proton intensity on the TCC2 foils is then equal to Ehe

rar,io of the "TCC} foil activiry" over "TT60 foil activity" multiplied by the

"TT60 prot,on intensiEy".

Since the TCC2 and rhe TT60 foil activities have been measured in parallel

and at similar counting rates with the same detectors, any influence of detector

efficiencies and dead-cine on the results are cancelled.

The error of the absolute calibration of the secondary emission monitors as

oeasured during our experiment on 20 Noveober L979 is estimated to be ! 32.

The long-teru stability of the secondary emission monitors is more difficult
to evaluate. From the measured variation of che target IBIU BSI-L signals when

nor-malized on the corresponding uain ring ABCT reading, we estimate that during

the periods 8A and 88 rhe sensitivity of these rnonitors could have varied by

about 72.

The over-all error in the proton intensities as measured with thq secondary

emission monitor BSI-1 of the T2 TBIU, taking inÈo account the error in the

absolute calibration and a possible long-term variation in sensitivicy during the

period 8, is estinated to be about 102.

with the help of our accurately measured cross-secEions a future calibratioa

of secondary enission moniCors in slow extracted beans can be perfonned qriChouÈ

recurring Eo che auxiliary experimenË in T160.

AlÈhough the tine neeessary for such a calibratiàn experitrent and its analysis

can be cuÈ dorrrt, we feel thaE this Procedure still requires a considerable amount

of tine and, co-operatio1 between different grouPs. therefore' Ehis calibration

method is almost exchrded for current applications and uusÈ be reserved for

special physics requireuents.

To cireurs\/enE the above-rnentioned linitations, different neEhods can be

envisaged which would avoid frequent recalibration of Ehe uPstrean targeE moniEors

TBIU in TCC2 by the described activation procedure, but which would nevertheless

perurit a surveillance of Ehe long-Èerm stability of Ehese degectors '

Ir has been shornm6'7) chac the reducEion in efficiency of secondary emission

detectors, called ageing, depends on the integrated Proton flux per cm2'

t
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Since t.he secondary eurission is a pure surface effecE, a possible solution
could be the development of specially coaEed, and cleaned detector foils5'7), which

provide a stable secondary emission coefficient. However, Èhis would reguire an

inportant ârnount of development work and the construct,ion and inscallation of new

TBIU oonitors. In addition, ne have already reached the limit, at least for the

t,arget moniEors of T6, where bean-induced changes in the crystalline structure of
detector foils due to nuclear interactions uight be expecced (about 1020 protons/cm2; 7)

Therefore, a different solution is proposed here, whieh uses the installed
TBIU nonitors without any oodification and which takes advantage of the fact that
these aoniLors ean be displaeed horizontally, with high position aecuracy, in a

renotely controlled way. Thus in order to avoid the ageing effect a det,ector

could be calibrated by using a foil area which is nonrally not irradiated by the
proÈon beau.

The BSI-1 delector of a TBIU which is used to measure the proton flux, is
roade of a 25 pur aluroinium foil wich a sensitive area of 145 mrn in diameÈer. In
the case of the upsÈrean monicor TBIU, only the centraL part (< 10 un diamet,er)

of this foil is exposed to a high-iatensity proton flux. During its calibration
via the ectivation uethod, Ehe TBIU monitor strould therefore be displaced hori-
zontally by, for example, 20 am so Ehat the proton bean hits a detector area

which is norually not irradiated. Thereafter, lhe monicor is removed to its
standard position with the beam well centred on the split foils. Wtren the abso-

lute proton f,1ux incidenÈ on a EargeE musc be ueasured again, the TBIU is moved,

for a couple of rnachine pulses, back inEo the calibration position. In this way

Èhe integrated proton flux per cr2 on the calibrated detector area can be kept

low, and hence it is expected that the ageing effect will becoure negligible.

Furthernore, it has been suggestedr2) that, during ihe activation run, the

secondary bearn lines should be operated in a sirople and reproducible mode so Èhat

a correlation between a "referencet' secondary particle flux and lhe incident pro-
ton intensity could be escablished. This correlation could Èhereafter be used

for the recalibracion of the TBIU monit,ors, provided that the same beam optics
for ehe prinary proton beam, as selected for the activaEion run, are used again.

As a future development ere could envisage a coobination of'both solucions

described here, by adding Eo the existing miniscanner BBST of the TBIU uronitor, a

special foil flag for beau intensity measureuents, which would nor:urally be far out

of the beara. This flag could be coated and cleaaed in an appropriate iray in order
to give a stable seeondary emission coefficient. Once calibrated by the acEi-
vation method, it could be displaced for a couple of machine pulses by the nini-
scanner movemeût into the proton beam, in order to provide a cross-calibration of
the standard BSI-1 detector of ehe ÎBIU uonitor.
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DETAILS OF TCCz AND TT60 IRRA.DIATION

Table AI.L

Details of TCC2 irradiations and neasured TBIU signals

Seart 2

Finish :

Machine pulses :

T2 BSI-1 A1 foil:
T4 BSI-1 Al foil:
T6 BSI-1 A1 foil:

15 : 11 :09h

15 :29 :04h

113

L32.20 volts-bic
160.79 volts-biE
2L3.60 volts-bir

I V â(1.0211 r 0.0003) volrs-bir
(see Appendix III).

Table AI.2

Deuails of TT60 irradiations and oeasured proton intensity

(

Irradn.
(cev;

S tart .!'ln1S n Pulses Total BCT protons BCT protons/pulse

400

195 *

195

16:49:13h

17 :09 : 13h

17 : 14:40h

16 :54 :2lh
17:10:49h

17:30:2Ih

33

11

99

2.43L x lol''
6.375 x 1or3

1.528 x lol'*

7.37 x L0

5.80 x 10

1.54 x l0

L2

1t

t2
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APPENDIX II

BCT CROSS-CALIBRATION FoR 400 GeV FFS EXTRACTION

In order to obtain an independent cross-check for the accuracy of the extrac-
tion BCT readings for 400 GeV FFS extraction, we used the results of the foil
irradiation in TT60. Provided Ehat the relevant nuclear cross-sections remain

constent for proton energies ranging fron 200 to 400 GeV, the ureasured foil
activities per incident proton should be the same for the 195 and 400 GeV irradi-
ations. However, we found a difference of \' 2.72, which can iruply a small increase

in the cross-sections of interest (see Section 7) with rising proton energy.

Systematie errors in the measured foil activity or proton intensiÈy, which

oright have caused Ehe same effecE, rrere eliminated as follows:

a) Since all foils have been oeasured in parallel by the same detectors (Site

and SPS) and for several reactions, the difference of t 2.77" in the activity
per incident proton cannot be due to systematic errors in the activity
measureEent.

b) During the foil irradiation with 400 GeV FFS extraction, we carefully checked

whether the different extractions earlier in the SPS eyele lrere not completely

stopped, so that proEons were still leaking out of the urachine. Froo the

readings of the BSI rnonitors in the West extractiou channel rre can lioit the

nuober of protons which oight have traversed the foil outside the BCT acqui-

sition interval Eo < 12.

c) Furthernore, ne investigated whether the efficiency of Ehe extraction BCT and

the other West craEsfer line BCTs for nuLtipulse measurenencs as nade in the

case of multiturn FFS extraction was noc lower chan the efficieacy for single-
pulse measureuents as nade in Ehe case of fast extraction. This hypothesis

was checked wich a pulsed precision curreat source equivalent to 4 x 10to ppp.

The ratio of double- to single-pulse readings averaged over 40 pulses was

2.0011 and, therefore, this effecE can be neglected.

Hence, we conclude that the readings of the extraction BCT for 400 GeV FIS

extracted protons are correct and that furthemore the difference of q, 2.77 Ln

the oeasured activity per inconing proton could be due to an increase of the

iroplied nuclear cross-sections with higher proton energies.
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APPENDIX III

SECO}TDARY EMISSION EFFICIENCY AND CALIBRATION COET'FICIENT

The secondary ernission efficiet"I ar"o. is defined as follows:

Number of electrons liberated from detector foil (N.)

sem Number of charged particles (protons) traversing deËector foil (Np)

Since N" is equivalent to the posicive charge Q of the detector foil divided by

the electron charge eo, we can write:

c =4= C'g
-sern eo'NP 

"o.NP

L
sedl = 6.24L5 x 10e x C (nF) x U (V) x 1

N
P

where

C = Capacitance of the incegrator in units of (nF)

U = Tension at integrator in (V)

êo = 1.602189 x IO-le Coul.

At che SfrS ËtL t"rlriort' at the integrator is cor::elated Èo the outpuÈ signal

of the A.DC as f ollows :

10Vâ1024bits

A calibration of the A-DC used in our experimenÈ gave

t0 V â (1021.05 t 0.30) bits

!,lhen t,he tension at Ehe incegrator of a secondary emission moniEor is acquired

via the corresponding data module (e.g. DET80), the bic reading is internally
divided by 100, so that the value read corresponds directly to volts within an

error of about 22.

Ilence, in order to avoid any arrbiguity between volts and bits, we use in
rhis report rhe following definition:

1 v ê 1.02105 volts-bic .

For internal purposes it is more convenient to use instead of the secondary

emission efficiency the calibraÈion coefficient C."*t.

Number of charged particles ('protons) traversing deEector toil (Np)

sem DetecEor signal as read in volcs-bit

c
s

c

or, shorter,

em
= protons/volts-bit



0bviously, the value of this calibration coefficient (proeons/volts-bit)
depends on the value of che integrator capacitance. The number of protons N_

traversing a decector foil is then 
p

N c * U (volts-bir)
p sem

The secondary enission efficiency and che calibraÈion coefficient respectively
Ehe reading in volcs-bit are related as follows:

€ =6.1128x10e"C-(nF)-sen C
sertr

e--- = 6.lt2g x 10e x c (nF) * u (voLts-bit)
selll N

P
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