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hold t .f a-Jez?age spill t3 Cke "allowed" le7el. TTle 

SeTc~+i-.:~'~C .Yf ',:le ___V_.II-C.s i- de;ect2rs 5-e adjus-,ed 3r "zgli- 

brat&" 6: es ',z ecccry~lis?l ::ye liriklq i:itk.ou: un- 

d-2:~ ?.am~erj.n, cperz:ior. ::' The ZC:eler;tOr. 

.a,; ",:?.e *t+yi1 '1 cf th.e -De?2 2%enr.el where :ke -'&PC- 
? 

*CT-S are 1c:ztei tke ?reciic+erl average ceuI,1'cII ">2ecce 

is Ir x 13' 2 neu:rcns,'c3 -set ~3rd the g&T9 dose ra:L is 

33 3 ':*.r. ;i-, -'e~ec;crs have Znr rZTe se?.s1:;vit-r to 

. -...- 11,.P...e. rrurnn , 

’ oosE(R)j 1 fp--qlI 
. I gallma . r. 7wg-,-i 3 ~~,~~~11-, :hereCore eaci ?e;eztsr w?.s call- 

brated T1-.eI‘ rc 
63 I 

y.r,d the tripofl sensi;i’:lt;: set 2.t 

"0 p,'3 prior tz ins"slla,l2n. i- 
STEERING APPARENT 

IMPULSE SPILL POINT T-j t j : -::;.fbr: :I or) 7:‘3rts ir. The 3233 L2sar.nel 

b]TYPlCAL FULLBEAM SPILL PATTERN 
2.e p*3tc:. ererg;: dqe1^.dexe 32 552 radiztio:: znl 
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source and detector was not easily repeatable without 

prcducing undesirable beam channel activation. Further- 

Xl0L‘e, the spill location would have to be redetermined 

for each salibration. It became apparent that a cali- 

bration technique which did not mis-steer the beam and 

produce excessive activation problems was neede3. 

Calibration Csing the Wire Scanners 

Sarly in the beam diagnostics 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 mcnitor near the wire scanner. 

Ccn Swenson4 suggested that since the detectors are lo- 

cated very near the wire scanners between the modules, 

the wire scanners co..&d possibly be used to make a rela- 

tive calibrzion of the beam-spill monitcring system. 

The calibration would be relative because of the differ- 

ing radiation patterns caused by the beam passing 

;hro'-@ thin Wires as OFposed to that generated by the 

thick metal structure of the accelerator. If the frac- 

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

duce radiation can be related to an equivalent beam- 

spill, then an indirect measure 'of the dependence of 

beam-spill produced radiation on proton energy can be 

obtained by simply repearing the measurement at several 

-oce:ions along the accelerator. Such a calibration 

Frocedure has the advantage that it does not harm the 

azzelerator e;'en though repeated periodically. This 

makes it RI; ideal system operational check. 
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the horizontal (X) and vertical (Y) wires, i.e.: 

i,(y) = K#ibx(y) 

iy(x) = K#iby(x) 
ii) 

i ws = ix(y) + i (x) = total 
Y 

current for both wires 

The c;"rel:~si~~i:at:~d~~~~~~x) are nc?t "irectly ~CZS- 

urable. . 2 they are functions oi 

wire Position in the beam and the beam intensity j(x,y) 

along each wire. 
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/ 
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and L length 

Fig. 2. Wire Scanner-Bern Relation. 

The radiation arri-;ing at the detector and the 

signal current, i 
S’ 

at the detector outp-Jt are pro~or- 

zional to the Fortion of beam current incijent cn both 

wires, i.e.: 

-5 1 = KEiws. (2) 

Vith a totally abszrbing 'copper target inserted in the 

beam SC as to preserve essentially the same geometric 

relation to the detector as the wire scanner, the de- 

tector o-2tput I 
T will be 2rcportional to total beam 

current,, i.e.: 

iT = KTib. (31 

sn?en iT = i , t 
s lb = ibe is the beam-still current ec:uiva- 

lent tc ',liat I;P,eructing wir,h the wire scanners. Y3r 

this condi+Lzn: 
-,- 
r-R. 

5 “2 = =..,. t,. NY. 
T ( i+ j 

,:b-Jiously, lCa anil Km a-c Jcpr:n~lan~ on the ~;r:tcn energy 
1, i 

W. T!erefore, i. De 
will be +*n,?riry tic:pen~~~nt which mnXes 

eq. (14) assLIme the fcllowini;; fcrrr: 

- (l"$r: = 
KRW 

%e ' K,:W)'w:; I 
i : :I 

Eq- (5) ir: crll thee: is r.eede~d to ,iet?rmin+ the 

sr,erry dependence .of the wir+y :;c;~nner r;~rrt*n-; ri;ri:.lve 

to the beam current. Thi :: rrrnsuren~~ht would not have 
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:c' -2~ repea',ej frequen:ly to retair, 3ssur31‘.3e of ecere;. 

depen3ence. The rela:ion which shod3 be checked 3ftrn 

is eq. (2: tc i-erifg ;>e stabllit;- 3f Y3. This Is a 

c3nvetiezt operati0r.s measuremer.5 w?.ec irifti3g a Icv 

energy beam, Toi- example 100 MeV or 22 MeV, thrazgh 

the accelerator tc the switchyar5. In this case the 

protcr energy is -onstant and 1% should be the same fcr 

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

chine. A display of typical data is shown in Fig. 3. 
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Fig. 3. Spill Monitor Sensitivity vs. Energy. 

Control of the Coefficients I$sT 
. . 

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: 

KT = [ 5y:3!;T(E,W)l dE 

6) 

where G = current gain of pto;o-multiplier (volt-set/ 

g = charge to voltage conversion gain oE?Y,1'de- 

tectcr station unit (coul/volt-see) 
S$Z) = Sensitivity of scintillator and photo cath- 

ode combir.eticn ;o gammas. Energy de- 

pendent in E (coul/photon). 
-?p> W) = rate of gamma photons arriving at the 

detector with energy E resulting from 

nrctons, having energy W, which interact 

with ;he scanner wires (photons/sec- 
+ (E,w) = same as f MeV). 

T s (F,W) but for thick target. 

interchar.gezLS. Yr~e \-L.zc 5: - G vx-ies as -,k.r sever,',:-, 

power c,f' the \~ltagi a>r.lie3 ::' the photxzLti;lier 

hence car. bc, ztar.<ej s-,-er an _1 extrc.el:.- wide era:..-e . 7:re 

spplic-d .".,>>t@-e is i;:le sr.:;,, ccr.trsl 3:' 3ctrctrl- .5:;:tsrr. 

sensitivity empl:'yeI. 

-4 czma.lteri;ed Clos.~d-;ctsy ?ec~.niq-e tc rps: 
the Bear.-%"1 System j ..I &A 

3e ;l,xal rxrent 4 
AS 

received at the ctetectcr sts- 

tion ~uni; is comprlse~ of ;e.:eri1 cx;l33Pr.:5 xher :?1ar. 

the radiation produced photo+,~Lce cqxrer.t, that is 

i=i +i+i+i 
S bs e c -' 'F, 

'. - I 

where ibs = radiation yro*xed Fhotot;be c,urrent 

i a 
= a purposely introduced bleed off current re- 

presenting the "allowed" beam-s7ill. 
1 . = cable leakage current, possibly radiation 

c 
- inducec. Can be plus or minis. 

id 
= dark current phototube 

In Fig. Aa is the circuit used to read tT,e phototube. 

The integrator (charge to voltage converter of Cq. 8) 

receives the folur currents. '_'hus , a convenient pro- 

grammatic measure of the sensitivity and zondif,ion of 

the Beam-Spill Control system with the Central lontro: 

Computer at TLDIPF can be based on a simple measure 

of 5 as defined in Eq. 2. During a pulse of time- 

width 'r, the voltage ir,crernect AV is linearly propcr- 

tionel to time and t5e currents at the integrator SUJ- 

ming junction: 

. 

nv= [+$+++>]T (9) 

E ret -+-yQ 

-.“~~~~~~~+ 

-r 7 

al INTEGRATOR READOUT OF PHOTOTUBE SIGNAL 

AT EQUILIBRIUM: E = $-,=+F-, DF * CUTY FACTOR 

b) CHARGE 6 DISCHARGE RATES MEASURED AT EOUILIBRIUM 

Fig. 4. Integrator Action at Equilibrium. 

The value cf g is fixed so that all. station units are 
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The charging and discharging rates can be expressed 

from Fig. 4b as follows: 

charging rate 

DR = h;v T -r= discharging rate f 
(10) 

Since the beam-pulse duty factor DF is T/T, Eqs. (10 

can be csmbined in the following way: 

AV 
- = DA($ -1) 

T 
(11) 

this allows i bs from Eq. (9) to be written in terms of 

directly measurable quantities 

. 
=bs 

= (nR)(c)(& - 1) + (ia - ic - id) 

thus, the ratio KR from Eq. (2) becomes: 

KR (D~)(C!yA _ 1) + (ia - ic - id) 
WS DF i ws 

For a properly functioning beam-spill monitor, the 

(13) 

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- 

sion, KR is given by the first term of Eq. (13): 

s= yL (+ 1) 
ws 

Eq. (14) is the most important computation made 

in the program. To compute it accurately, an equilib- 

rium condition must be established as shown in Fig. 4b, 

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 which 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 at 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-order servo by 
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Fig. 5. Digital Servo Operation-Stable Beam 
Condition. 
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Fig. 6. Digital Servo Operation-Unstable 
Beam Condition. 

To obtain the best possible computation of besm- 

spill monitor sensitivity as given by KS, the decay 

rate DR is computed in two ways. In the first the wire 

scanner is 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 enough 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 either 

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 radiation damage, and Lt pro-Jides 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. 
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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 half the 

fast-protect level, the level at which the beam is 

automatically shut down to prevent excess activation. 

Equilibrium is typically reached in about a minute for 

pulse rate of 3.75 pps. If the beam is well steered 

and there is little background radiation in the vicini- 

ty of the wire scanner, the servo response is effective 

and precise as shown in Fig. 5. If beam-loss is not 

confined to the wire scanner or if the beam is fluctuat- 

ing, equilibrium cannot be established precisely as 

shown in Fig. 6. 



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-dovn of Conference, Vancouver, Canada (1972). 

the beam has facilitated general operation of LAMPF. 3. Radiation Damage in the LAMPF Radiation Rnviron- 
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