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ri to radistion meke it imperative that the final celibra-
of 1 tion of the detectors be made in-situ. In the actual
produced Ty interceried beam at the wires scaarers is installetior there is alsc @ geometry problem that may
enployed az = test T+ is shown that the sec- ro< correspond with the assumption of uniform beam spill

C

servo-_0cD responses are dis- session of guadrupole doublets along the machine, the
~ocedure is programmed Theam is expected to be largest in cross section at the
and car be repeated entrance to these cuads and it is here that the likeli-
urning off the beam. The hood ¢f spill is greatest.
so that the con- Celioration in vlace has been attempted by mis-
cables are deter- sveering the beam to cause spill as near the quadrupole
region as possible Tre location of the s»pill was

checked by the use ¢f TLD's distributed slong the beam

channel wall. FResults <o date show it is difficult <o

Activitati 5 am char at LAMPF i . . .
A“°l"“atlin of the bean channel LAYPF s the comtrol the spill at or near the quadrupoles. A typi-
rerming limit™ on "s=llcwed" beem spill. C o . s .
govern-ng Lim on Tellewed” beanm DplllA Control of cal spill radistion pattern showr in Fig. 1b aprears to
o
zam-spill 1s exercize rd ctor 1 ted alor . .
the beam-or 1s exersized by detectors Oeaned &LO0E  ye produced by a lccalized spill 3 to L meters upsiream
- tor sc oas to s radiati roduced . B X
the accelerator sc ac tc sense the radiation producs of thne quadrupole. However, the relation beiween the
by beam-spill. Wren the s»ill is excessive, tre in- BEAM SPILL. DETECTOR
Jector iz turned off by the detectors long enough to TLD'S QUAD DOUBLET
W - . : iy .- "o - WALL WIRE SCANNER
hold +.o average spill to tke "allowed" level. Tae —% 1 S 57 €5 4 5 18/ i/ 2B @ B ®
: are adjusted or "ecali- 15m 1 | -
|
limiting without un- A ! . 4
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Fig. 1. Calibration Geometry Using Misteered
the urknown energy dependence of the detector respoase Beam.
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source and detector was not easily repeatable without
preducing undesirable beam channel activation. Further-
more, the spill location would have to be redetermined

for each calibration. It became apparent that a cali-
bration technique which did not mis-steer the beam and
produce excessive activation problems was needed.

Ca_ibration Using the Wire Scanners

Barly in the beam diagnosties program it had been
noted that insertion of the wire scanners in the beam
even at relatively low duty factor sometimes produced
sufficient radiation to turn off the injector by

actuating —he beam spill monitor near the wire scanner.
g 1

Cen Swenson4 suggested that since the detectors are lo-
cated very near the wire scarners betweer the nodules,
the wire scanners could possibly be used to make a rela-
tive calitrazion of the beam-spill monitoring system.
The calidration would be relative because of the differ-
ing radiation patterns caused by the beam passing
Through thin wires as orposed to that generated by the
thick metal structure of the accelerator. If the frac-

tion o the beam which interacts with the wires tc pro-

duce radiation can be related to an equivalent beam-
spill, then ar indirect measure of “he dependence of
beam-spill produced radiation on proton energy can te
several

obtained by simply repeating the measurement at

~ocezlons along the accelerator. Such a calibration

procedure has the advantage that it does not harm the
accelerator even though repeated periodically. This

makes it ar ideal system operational check.
Interception of the beam by the wire scanners pro-
to secondary emission
electrons, which are linearly related to beam current

even for high beam current icnsitiess. These currents

by thsmzelves are nct usef:’ for 2alibration in terms
2 beam-spill until an equivalence is established.

Wh

here it

a targel which absorbs

ali, or a knocwn fracticn, of the beam, the radiation

resulting from o thizc interceptiscn can be emp_oyed to
estublich the desirved relation, even though the greo—
srunm oand spe L diztridution of the ralistion Sield

scanncr dif%ers from

roduced Ty othe wire
r ¥

rationn e

Tre

zignal output from the

current relations and

are Lincar.

Jcanner Currents and Detector

tensit i

MnEY currents

are proportional to the

vean currvent Al which iz ineident on

the horizontal (X) and vertical (Y) wires, i.e.:
= KHAlbx(y)

A .
KV lby(x) )

e = L ¥) + 1 () =

i (y)
i(x) =
y

WS total current for both wirec
The currents Aibx(y) and Aiby(x) are not directly meas-
urable. As illustrated in Fig. 2 they are functions of
wire position in the beam and the beam intensity Jj{x,y)

along each wire.

L
iy(x)= -2-W dj d
+%?'y9?ljé( Jadj(x,y}dy
Y 2 _%
1 a,(ﬁ[{(wmdj(x,ﬂdx
7z 2

Beam cross-section

ip= ffj(x,y)dydx'

£(W) is secondary emission coefficie

x
L g Geometry factor wire of d diameter
2 -——;- and L length
Fig. 2. Wire Scanner-Beam Relation.

The radiation arriving at the detector and the
signal current, is’ at the detector output are propor-
Tional to the portion of beam current incident on both
wires, i.e.:

is = KRiws' (2)
¥With a totally abscorbing copper target inserted in the
beam sc as to preserve esserntially the same geometric
relation to the detector as the wire scanner, the de-

tector ocutput iT will be preportional to total beam

current, i.e.:
. . ‘
i, = Ki . (2)
T T'b -
“hen i, =1 , i, = i is the beam-spill current equiva-
T 3 b be *
lent to that interacting with the wire scanners. For
this conditisn:
R,
pi = -1 . (i
ve T K, ws (4)
i
energy

Cbvicusly, I,

and K are dependent on the proton
4

W. Therefore, i, will be energy dependent which makes
be -
eq. (4) assume the following form:
K (W)
cogy = B .
“ve' T K (W)Tus ()

Eq. {(5) ig reeded to determine the

energy dependence of scanner currens reiative

to the beam current. This measuremnernt would not have
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e repeated frequently to retain assurance of erergy
The relation which should be checked often
P

. ’ . e
is eq. (2} to verify the stability of KR.

converient operatiorns measuremert whrer Arifting a lcw

This 1s a

energy beam, Tor example 100 MeV or 211 MeV, through

<

the accelerator tc the switchyard. In this case the

protor energy is constant and KP should be the same for

\

all beam-spill monitors in the drift regicn of the ma-

chine. A display of typical data is shown in Fig. 3.

30

BEAM DRIFTED AT 500 MeV
ACCELERATED BEAM
20 .. L ] L4 »
175 e -t
e®
L 4
Ka
______ ORIGINAL SETTING OF DETECTORS
1.0 ~TTe AT 211 MeV
° 5 o] 15 20 25 30 35 40 a5
MODULE NO.

Fig. 3. Spill Monitor Sensitivity vs. Energy.

Control of the Coefficients KR and Krln

The constants KRand KT determined above are func-
tions of the detector sensitivity to both gammas and
neutrons produced. Ignoring the neutron sensitivity

these relations can be described as follows:

o .
K - —f{ (5. (E)y_(E,W)] dE
R I B ( s (6)
~ W
K, =2 [s,2)V.(E,W)] dE (7)
T i Y T
b7 o
where G = current gair of phoso-ruliiplier (Volt—sec/
. i coul.
g = charge o0 voltage conversion gain of tae de-
tector station unit (coul/volt-sec)
SéE) = Sensitivity of scintillator and photo cath-

ode combingticn %o gammas. Energy de-

pendent in E(coul/photon).
v (E,W) = rate of gamma phozons arriving at the
detector with energy E resulting Irom
orctons, having energy W, which interact

with <he scanner wires (photons/sec—

. : c . e
YTKE,W> = game as YStE,W) but for thick target.

The value c¢f g is fixed so that all station units are

interchangeable.
power cof the
hernce carn be

applied voltage

A Computerized Clossd-Loop
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the Beam-Spill System
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the radiatior produced phototub
+

+4 i+ i (

e a E)
where ibs = radiation produced rhototube current
ia = a purposely introduced bleed off current re-
presenting the "allowed" beam-spill.
ic = cable leakage current, possibly radiation
induced. Can be plus or minus.
id = dark current phototube

Tn Fig. 4a is the circuit used to read the phototube.
The integrator (charge to voltage converter of Zg. 8)
receives the four currents. Chus, a convenient pro-
grammatic measure of the sensitivity and condition of
the Beam-3pill Control system with the Central Control
Computer at LAMPF can be based on a simple measure

of KP as defined in Eg. 2. During a pulse of time~

width T, the voltage increment AV is linearly propcr-
tional to time and the currents at the integrator sum-

ming Junction:

ibs ia ic is
oV = [~ gt {(9)
€ of O—MM—_L_
DECAY ! ] -_—
\SPILL o ~ v .
e —o ic— :

PHOTOTUBE ids_’ < _L T ELECTRONIC
park ~ LEAKAGE RELAY ACTS
WHEN aV>v,

11

a) INTEGRATOR READOUT OF PHOTOTUBE SIGNAL

CHARGE RATE DECAY RATE DR=2L
cre &Y T
T

T >

AT EQUILIBRIUM: g—g- - %- | DF=DUTY FACTOR

o
DF
b) CHARGE & DISCHARGE RATES MEASURED AT EQUILIBRIUM

Fig. 4. Integrator Action at Equilibrium.
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The charging and discharging rates can be expressed

from Fig. 4b as follows:

CR = é% = charging rate
AV (10)
DR = E~T= discharging rate

Since the beam-pulse duty factor DF is T/T, Eqs. (10)
can be ccmbined in the following way:

Av 1

= = DR(z% -1) (11)
this allows ibs from Eq. (9) to be written in terms of
directly measurable quantities

L= Y Co_ s s

fe = (DR)(L)(DF - 1) + (1a i, 1d) (12)
thus, the ratio KR from Eq. (2) beccmes:
_ (or)(¢C) (i -1, -1i)
BT ouE iy e 2 d (13)
ws DF 1s

For a properly functioning beam-spill monitor, the

cable leakage and dark currents are negligible and the

bleed-off current is adjusted to a very low level, nomi-

nally 2 nano-ampere, so that within reasonable preci-
sicn, KR is given by the first term of Eq. (13):

Ky = -————-(D?iim (5 - 1) (14)

Eq. (14) is the most important computation made
in the program. To compute it accurately, an eguilib-
rium condition must be established as shown in Fig. bLb,
which requires that the charge supplied to capacitor C
in time interval T is equal to the charge decay in in-
terval T-T. The program provides a digital servo con-
troller vhich drives a selected wire scanner into the
beam until the beam-spill monitor output voltage
{integrator voltage) reaches a selected level below
the fast protect value &t which time the necessary
equilibrium condition is established. This chain of
events is shown in Fig. 5. The code assures the equi-

librium condition in the quasi-second-crder servo by

[ 3403 MODULE 7 BLAM SPILL NONITER AWPS 15022
200 402
us poTITEON
BSVOLTE 6t3
1000 B[ e e e s e
/ a———wW8 out
o oaof Y T MEEAVLDZRACN-CER Y 30D,
beom off 100x0 94
BOB |- et g e s
TIMPEAK )Y §91
P I TP TR OO U RUR OO R UTUPUONRRUPRIRIS-Sut v oSSR
PPge 3730
AN $P L
b v TOO[- - Iy - e o n g et n PUIVEI @ 400 - - erreeianes
ccounrs> H K \
N . servo-command leve!
97| RS VIREUOTUOTOT YORORURTRORR vk it vt uriresots o SOT OO PES Ut
129
QB oo v Bieiecernva s aanes b vt s nt s ea e eansae s ket s eae e e n et araa s antbar

Fig. §. Digital Servo Operation-Stable Beam
Condition.
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rate damping to prevent excessive overshoot and keeps
the current intercepted by the wire scanner constant.
The resulting beam-spill, as seen by the adjacent beam-
spill monitor, is typically commanded to be helf the
fast-protect level, the level at which the beam 1is
automatically shut down tc prevent excess activation.
Equilibrium is typically reached in about a minute for
pulse rate of 3.75 pps. If the Leam is well steered
and there is little background radiation in the vieini-
ty of the wire scanner, the servo response is effective
and precise as shown in Fig. 5., If beam-loss is no:
confined to the wire scanner or if the beam is fluctuat-
ing, equilibrium cannot be established precisely as

shown in Fig. 6.
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Fig. 6. Digital Servo Operation-Unstable
Beam Condition.

To obtain the best possible computation of beam-
spill moniter sensitivity as given by KR’ the decay
rate DR is computed in two ways. In the first the wire
scanner 1s driven quickly out of the beam, and the rate
of decay of the integrator voltage is measured. In the
second, the beam is shut off long erough to allcw the
integrator to decay without the effects of background
beam-spill produced radiation. Any difference in the
decay rates so measured is an indication of eitker
local losses not due to the wire scanner or of excess
cable leakage. Evidence of this is shown by the fact
that the two calculated decay rates shown in Fig., 6
differ radically. The decay rate is therefore a means
of monitoring long-term changes in phototube dark cur-
rent, buildup of residual machine activity, cable los-
ses due to radiaticn damage, and it provides a check
on the condition of the electronics. Thus, by measur-
ing decay rate, the updated sensitivity of the beam-
spill monitors can be checked as well as the long term

stability of the system.



Using this system code, all the monitors along the 2. J. R. Parker, J. H. Richardson, and J. D. Easley,

accelerator have beer set to the desired KR ratio and Proceedings of the Sixth International Cyclotron
the resulting consistency in fast-protect shut-down of Conference, Vancouver, Canada (1972).
the beam has facilitated zeneral operation of LAMPF. 3. Radiation Damage in the LAMPF Radiation Environ-
ment , MP=1-1115,
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