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1 Introduction

This note is a summary of some measurements and their results done during several ma-

chine developments, which took place between the 4th and 6th of December 1989.

2 Reproduction and optimization of a former set-up

2.1 Set back reference values of 25 August 1989

The LIL performances were measured under the existing settings at the beginning of the
session. These settings were achieved during different optimizations and adjustments over
the last months. The positron production read at HIP.UMA 22 was 8.0 - 10%,

All reference values made on 25 August were set back (sce table 1 for RF-parameters).
The positron production at HIP.UMA 22 becomes 8.3 - 108 ( Fig. 1 ). Two parameters
have to be changed from the reference values:

i) The phasc of modulators, mainly MDK 3.

i) The current of VL.DQL1521I.

This power supply was changed in order to allow the e- beam deflection with the new
inechanism of the target. The resolved conversion efficiency is 3.1 - 1072,

2.2 Optimization with steering magnets

In order to compare with the previous measurement and to be sure that the klystron is
in saturation the voltage of MDKO03 was set to 26.2 kV, which gave a power of 13.3 MW
(klystron output reading). The power in MDK 13 was raised to 24.0 MW with a klystron
voltage of 35.1 kV ( Fig. 2 and 3 ).

Irom this point several adjustments with steering dipoles were done. The idea was to
vary the current pair by pair for a given planc on an experimental basis and also to try to
sct the currents close to zero. Tig. 4 gives the horizontal current values. If at the end of
LIL-W, the currents are closc to nut, upstream and downstrcam of the target, there are
far from small values.

Fig. 5 shows the vertical current values. Except just downstream of the target, almost
all values are close to zcro. One power supply upstream the target is also different of zcro.
The geometry downstream the target is probably not very well adjusted. Some efforts
should be devoted to this part of the machine. ‘The focussing of the linac was not changed.
Iig. 6 gives the current values.

After the optimization of the steering the positron production raised from 8.3 to 12.0-108
et per pulse.

2.3 Fluctuations of HIP.UMA 22

During a few minutes, the positron production was recorded. Fig. 7 shows the rtesults.
Table 2 summarizes the observation.



signal Sigma | Delta Il | Delta V
HIPUMA 22 (10%) ] (V) | (mV)

| 1.9 9.1 - 0.3
2 12.0 R.1 -0.3
3 12.1 7.8 - 0.3

Table 2:

The vertical position does not change. When Delta IT decreases by 1.3 mm, Sigma

increases by 2 107¢*. From tab. 2 one gets a short term stability of % = 0.02.

2.4 Phase adjustment

With Uc = 1.68 kV on the gun, providing 3.6-10'"'e™ at. ECM 01, cach modulator has been
optimized. With phases displayed on figure 8, the positron intensity rises up to 12.4 - 108
(Tig. 9). Only the phase of MDK31 was changed from 211 deg. to 200 deg. . Fig. 10
displays the beam profile at the end of LIL-V.

2.5 Optimum of Uc

Iig. L1l shows the variation of UMA 15 and HIP.UMA 22 vs. Uc. The maximum is obtained
when Uce = 1.95 kV. With this value, UMA 15 reads 2.5 - 10''¢™ and HIP.UMA 22 reads
14.3 - 10%* (Fig. 12 ). A scan with the phase between the prebuncher and the buncher
was done. The maximum is always when the phase equals 42 digits.

2.6 Increase of MDKO03 power

The maximum intensity on UMALS and HHIP UMA22 is oblained when P(03)=13.8 MW.
This klystron output reading is get with a klystron voltage of 26.4kV (Fig.13). Tt provides
3.0- 10'"e™ on UMA 15 and 17.1-10%¢* on IIP 22 unresolved ( Fig.14 and 15 ).

2.7 Conversion efficiency

Fig. 16 displays the mcasured positrons per pulse resolved which is 12.9 - 108 With slits
closed at 17 mm, the energy dispersion is 1% and the maximum is obtained when the
position of the slits is X = + dmm.

12.9

The resolved conversion efficiency is 3355 = 0.0013.

2.8 Conclusions from the measurements of this section

The design value of resolved efliciency is reached. However, a comparison with SLAC value
shows that a factor 3 could be gain. A simulation of the positrons production indicates
that a factor 5 is missing with a correct geometry downstream the target and a correct
value of the focussing solenoid SN 25. Other studies arc proposed to increase the positron

production:



[. Beam loading in the cavilies.
2. Transversal positions of solenoids downstream the target.
3. Opties of the linacs.

I. Systematic check of the L11,-W acceplance for positrons.



3 Tests related to section 25/26 magnet coils

3.1 lest of new steering method

We changed the seliings of the correction dipoles on ACS25/26 from the settings in col-
umn Lol tab. 3 toasct of values (column 2in tab. 3) found with a new method, which uses
the 220 MeV electron beam to adjust the coil currents [1]. The positron current dropped
from 8.9-10% 1o 5.8 10%, but could be raised to 8.2- 108 by rcadjusting the ¢ beam position
on the target and some of the ACS25/26 correctors (column 3 of tab. 3). It is remarkable
that roughly the same yield can be obtained with two completely different settings of the
steering coils.

Corrector initial val. | val. from [1] | optimized
DHG 251 -1.8 A -12.5 A -13.0 A
DG 252 -17.9 A -12.0 A -20.0 A
DITG 261 -19.5 A -20.0 A -20.0 A
DHG 262 9.8 A -20.0 A -20.0 A
DVG 251 0.0 A -9.8 A -10.0 A
DVG 252 174 A 6.8 A 6.8 A
DVG 261 8.8 A 13.0 A 13.0 A
DVG 262 8.3 A 6.0 A 6.0 A
I1r22(-108) 8.9 5.8 8.2

Table 3: Corrector settings for ACS25/26 correctors

3.2 Test of the sensitivity of ACS25 steering coils

The dependence of the energy resolved et current on 1TP22 from the correction coil
currents was recorded (Tab. 4). It turned out, that the dependence is not very strong
(which may also explains the results of the section before), nevertheless the results are not
very precise, since there was a drift of the et yield during the measurements and also a
control problem with DVG251.

3.3 Scan of pulsed coil SNP25 current

The resolved e* current vs. 1,55 was measured. For the resulls see tab. 5. The variation
of the solenoid SNP 25 is still without a big effect on the e* production contrarily to what
is expected from calculations.

Althongh 1t is designed to take a maximum current of 6000 A the optimum yicld is
obtained at less than half of this current. Switching the solenoid off reduces the yicld
by a factor of two. Later on it has been shown that the drop is a factor 3 when a fine
optimization of the yield was done.



DIG251 | DVG251 | DHG252 | DVG262 | 1TH?22
A A A A 10®
1.2 0.0 180 | 4190 |77
4-20.0 0.0 -18.0 +19.0 0.7
-1.2 0.0 -18.0 +10.0 9.1
-1.2 0.0 -18.0 +7.0 3.8
-1.2 10.0 -18.0 +19.0 1.9
-1.2 -10.0 -18.0 +19.0 1.7
-1.2 0.0 +20.0 +19.0 3.5
-1.2 0.0 -18.0 +19.0 6.9
Table 4: Resolved et yield (£1%) for different stecring coil settings
Isnpas [A] | HIP22 [-10%]

0 2.9

1000 4.9

1500 9.3

2000 9.6

2500 0.8

3000 9.5

3500 5.3

Table 5: 1IP22 vs. Isnypos.

4 Scans of RF-parameter

4.1 Dependence of et-yield from the phase of LINAC V relative
to LINAC W

The phase of LINAC V was varied relative to the phase of LINAC W by changing the
phases MDKO03 and MDKI3 sitnultancously. The value for MDKI13 is MDKO03 + 195°
in these measurements. The yield was measured with 11P22 (Fig. 17). The width of
collimator HIP.SLII20 was reduced to 17 mm corresponding to a 1% encrgy acceptance.
For cach setting of the phases the position of HIP.SLI20 was optimized for optimum yield.
(Remark: The graphical display of the collimator position didn’t work satisfactory). On
oth of Dec. a scan over 360° was done. The measurement was redone for the decelerating
regime one day later alter the machine was optimized for higher et production. It should
be mentioned that the steering was done for the decelerating mode and not changed during
the measurement, thus the values in the accelerating mode are far away from optimum.

4.2 Measurement of LINAC V spectrum

The energy spectrum of LINAC V owas measured for different settings of MDKO03 (Iig. 18-
21). The valne of M DK 13 was fixed to 308° during these measurements. The aim of this

measurcment was to gel an estimate of the LINAC V' microbunchlength (section ). For

6



this measurement the beamloading was reduced by changing the pulse length of the gun
from 20nsec to 12nsec. The bheam intensity on the target was 1.8 10" part. p. pnlse

before the reduction of the pulse length, therefore is in the next section a pulsecharge of
S2.1.8- 10" particles assumed.

4.3 Variation of ACS25/26 field strength

The field strength was changed by variation of the power of klystron 25. The et yield
showed a strong dependence (Tab. 6). But onc has to be carcful about this results, the

r.[-phasc of klystron 25 which presumably depends strongly on the power, was not checked
during these measurements since we ran out of time.

Prigzs | H1D22
MW | 10?
8.1 8.0
17.4 6.8
188 | 35

Table 6: [11P22 signal for different klystron 25 outlput powersetlings



5 Determination of LINAC V bunchlength

The aim of this chapter is to give an estimate of the bunchlength of Linac V. The Monte-
Ciarlo Simulation of the positron capture system shows that especially in the decelerating
mode the LIL positron yield is very sensitive to the bunchlength of Linac V. Therclore a
realistic value of the bunchlength is essential (o gei simulation results which are comparable
with measurements. On the other hand a method for the measurement of the bunchlength
could be used for its minimizalion, leading to higher positron yiclds.

The method described is based on the idea, that the spectrum at the end of Linac V
is mainly determined by beamloading and the phase distribution in the bunch at the end
of the Linac V buncher. Additionally it is assumed, that the phase motion between the
buncher and the end of Linac V is negligible. T'he limits of this simplification are discussed
in Section 5.3. The spectra computed for different bunchlengths are then compared with
the measured one, and the computed spectrum which fits best the measured spectrum is
assutned to represent the right bunchlength.

5.1 Calculation of the spectra

The energy at the end of the linac depends on the initial phase of the clectrons ¢ according

to
2

T =Ty + Acosp Ty + Al -%) (1)

With 75 = kin. encrgy at the output of the buncher. Since only particles near the crest
of the wave are taken into consideration, the approximation in (1) is valid. Assuming a
parabolic bunch distribution

1o 52 ) if |‘P“Pal <o (2)
de

0 otherwise

dn {_-L(l_w_—ﬂs_)i

with o=half bunchlength and ¢,=phase of reference particle. The energy distribution is
given by

dn dn dp

dT do dT'
_ 2

1
- e 02 ),Aiﬁ\/_l—T—f‘I“
3 _(\/5\/1—-7-77“—99,)?) 1 )
a? AV2 I - =D |

Jl

= (I

do

iMyV2 /1 ==k <o

= 0 otherwise

Iivaluating (3) in the case p —a < 0 one has to add the two possible values of (3) according

fo the two possible solutions of the roots.



F'he spectrum is broadened by beamloading. Il the pulse length is very small compared
to the filhing time of the r.l. scctions the qp(‘c(rum changes according to

dn (1 /7 +ar (/n ) d |

— = aT ‘

(1’/'»1 AI (II (1)
where the energy spread is approximately given by

wepqT 1l

20 VI )
(Q=unloaded Quality factor, r=shunt impedance, L=length of a scction, P=r.[. pulse
power per scclion, q=charge of the pulse)

Inserting (3) in (1) yields

dn : 1 T+aT 3 (\/5\/1 - %‘1 - ¢,) 1
o) / (1 - ) dr

ATy, =

dl

dT s AT 1o A o? V2./1 - =l
J 2
T \/5(;-1 [* - 5”3 + o, V2u? — p,u)ll (6)
with [ = /1 = Bes=lo g — [} — ]—””—"Ci andu =/l — T—1'1 where the integration limits

Tiow and Thign has Lo bo carefully chosen in the dlﬂ'erent cases caused by the condition in
(2) and the condition that T cannot be bigger than Ty + A.

The energy spread of the buncher m,, and the resolution of the spectrometer m, also acts
on the measured spectira. This can be described by a convolution of (4) with a gaussian.

ﬁ 1 /+°° dn (_T_r)_

T measured — ~ — gy d 7
dT( ) ¢ 27m J- dTb.I.(T)e T 0

with m = /m2 + m?.

5.2 Estimation of the systematic error of the calculation

Mitherto il was assumed, that the phase of the particles is ”frozen” between the buncher
and the end of Linac V, which is actually wrong. Due to the different momenta of different
particles onc has different particle velocities. The velocity deviation {rom the reference
particle is given by

dv 1 dp
v _ L Q
v P
since v = ¢ this results in a phase error
wl Ap
Ap=—— (9)
cy? p

the magnitude of the error in the calculation of the energy 87T can therefore be estimated

ST = Asing Ay
wl Ap

(10)

Q
A

9



Iivaluation of (10) shows, that the crror vanishes for particles with the maximum energy.
I'or a worst case estimation one has to take the —épﬂ and v values at the end of the buncher.
Inserting é;z = 0.12 (from [2] for 50 n( pulse charge), v = 81, Ty = 26 McV, L = 21 m,
2 = 20mm~" and A = 191 Mel” one gels an crror of 87 = 2.37 MeV at T = 217 McV
and §1'= 433 Mel ™ at T = 210 Mel’ for example. Thereflore a coincidence between the
calculated and the measured spectra is only expected at the high cenergy end of the spectra.

5.3 Results

In figure 22 the measured spectra (see section 4) are compared to curves computed with (7)
for o = 10°, 20° and 30°. In the computation a total beam loading of 5.5%, m, = 1.7 MeV
and my = | MeV is assumed. M DK 13 was sct to 308° during the measurements. With
this adjustment a buncher phase of ATIDK03 = 115° corresponds to an acceleration on the
crest of the r.f. wave. At the high energy end of the spectra the measured spectra fits best
with the curves computed with o = 20°, thercfore a total bunchlength of 40° seems to be
a realistic estimate for the bunchlength of Linac V. It should be noted that the ability to
vary the phase of one or two sections at the high energy end of the Linac V would allow
a much more precise determination of the bunchlength. The systematic error described
in section 3 would be drastically reduced, thus allowing a complete reconstruction of the
bunch shape by a deconvolution method. The arbitrary assumption of a parabolic bunch
shape (chosen to simplify the calculation described above) would be no longer nceded.
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LIL UMA

Intensi te<ER)

UMA 13 —1916.4
UMA 19 -1893.3
WA 22 —-1838.7
UWa 29 -1874.1

e 27 -18.2
a9 3.8
UMy 38 8.8
U 31 8.6
uHa 32 8.2
UMy 33 8.9
UHA 34 8.9
uHA 33 7.9
UHa 36 9.8
A 37 3.8
HIM 64 a.a8
HIE 22 —
HIP 22 11.9
LIL UHO
Intensite<ER)

UHa 13 —1916.4
WY 1S -1895.3
U 22 -1858.7
UM 25 —-1879.6
U 27
e 29 5.4

Una 38 8.8
UMs 31 8.6
s 32 8.2
UMA 33 8.9
uHa 34 8.9
uHA 35 7.9
s 36 9.4
U 37 9.8
HIM 68 8.8
HIE 22 -3
HIP 22 12.8
LIL UHMA

Intensite(ER)

UMa 13 —-1911.1
A 15 -1893.3
UMa 22 -18338.7
UWh 25 —-1874.1
UWn 27
UWa 29
Unn 39
Udn 31
U 32
U 33
UMn 34
UHA 39
U 36
A 37
HIM 88

~18.2

HIE 22
HIP 22

I
lmwm-\loogooocnooma

1
~WoosLLULUMVMPHARDOMND

TRAJ. POSTTROMNS

1989-12-85-22-13: 18

Horizontal(mm) Yertical(am)

-1.6
-2
.8
e
2.3

-.2
—.6
-3
8.4
1.7
.8
.4
-.8
—2.3
.3
.7
-1.3
-1.3
-.8
111.1
111.11
-.3

TRAYJ.  POSITRONS

WCH Intens. (E8)

EMa1  -3634.8
WCHM1l -2287.6
HCHI2 -1924.6
HCH14 -1883.4
HCH37 8.9
HIPGa 12.2
NERS 96
199912485 2=14:48

Horizontal(am) Yertical(am)

-1.6
=3
.8
.7

111.1
111.1
8.1

-.2
=.6
-.3
8.0
1.7

.8

.7
-1.1
-1.2

-.8
111.1
1111

-.3

TRAJ. POSITROMS

WCH Intens.(E8)

M8l -3645.8
WCH11 -2281.9
WCH12 -1929.8
WCH14 -1887.7
WCH37 8.9
HIPG3 12.3
NEAS 95
13F-12-8322=15:33

Horizontal(am) Yertical(mm)

-1.6
-3
.8

-1
=9
-.3

111,11

-~
-
-2

WCH Intens. (E3)

ECHE1 -3634.8
WCHM11 -—2283.3
WCH1Z2 -1928.2
WCH14 -1879.1
WCH37 8.5
HIPOG3 12.2
RS 96
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BEAM PROFILE MEASUREMENT — VL. MSHIGT
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Number of meceuremente 1002

Gatn te .21
Soraper VL.SLV11 (Topd s —-18.8¢-168. 5 m~ew

(Bottom) 18.5¢ 18.5) mm
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Number of meceuremente 182
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(Bottaom) 18.5¢C 18. men
Figure 18 The cuergy spectra of TINAC V for M DRK03 = 100° and M DKO3 = 110°
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Figure 19: The energy spectra of LINAC N for M D03 = 115 and M DKO3 =121
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Figure 20: The encrgy spectra of LINAC V for M D03 = 131° and M DKO03 = 1357
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Fignre 21: The energy spectra of LINAC V
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