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A study on beam dynamics for the case of unpowered

IH tanks
M. Bendel

Introduction

To figure out - at commissioning of LINAC 3 - the performance of the three IH tanks separately, it is
of interest to know the beam characteristics of subsets of the tank ensemble in operation. This note
summarizes the investigations made, using DYNAC [1] for the IH structure and TRACE 3D (2] for
the ITF line. The characteristics of the beam of the IH tanks will be measured in the ITF line.

Fig .20 shows a drawing of the studied part of LINAC 3.

1. Machine modes

ITF - line, stripper out

all tanks in operation
tanks 1 and 2 in opcration

tank 1 in operation
all 3 tanks off

ol e

2. Parameters which are computed here (a) and those to be measured later (b)

a. beam envelops, b. mean energy,
Twiss parameters and bunch-lengths energy dispersion,
(RF phase-sprcads) at different positions, transversal emittances,
magnetic dispersion of dctector down- bunch lengths.

stream of first spectrometer magnet.

3. Results

In all cases the beam can be transported to the last SEMGRID (ITF.MSGO05) : 3 MeV/u see fig. S,
1.9 MeV/u see fig. 10, 0.25 McV/u sce fig. 15. Note, in the last case slightly smaller emittances
than in the other runs arc assumed.

In all cases transversal emittances should be measurable with the new emittance measuring device
in ITFE, at SLFM10.

In some cases the precision of the A E/E measurement (spectrometer and MSG10) can be improved
by closing the slits (SLHO1) almost, if a reduction of beam intensity of 90% is admissible.

The beam dimension due to betatron motion is, in the case of 3 MeV/u, then equivalent to a
AE/E of 0.3 %.



4. Some remarks with respect to the computer runs

To resolve at the SEMGRID, downstream of the spectrometer magnet, horizontal beam
dimensions, resulting from encrgy dispersion from those from betatron motion, some special
TRACE runs were done. Either transversal or longitudinal emittances were set to zero. As long as no
slits are involved and the beam is focused at the SEMGRID, the ratio of beam dimensions is then a
measure of the obtainable precision of energy dispersion. The run ex=0 was also used to find the
dispersion Dx.
Beam dimensions are deduced from Twiss parameters and emittances.
TRACE 3 D emittances are 5 rms values.
Where DYNAC results were used as TRACE input, the relation

e-TRACE = 5/4 * ¢-DYNAC was applied.
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Input parameters

Emean: 0.251 MeV/u

Input parameters at [H tank 1 (MEBT out): Case 1,2 and 3

x - plane: o= 1.72 B=0.9615 mm/mrad

y - plane: o= 0.507 = 0.5519 mm/mrad

longitudinal: a= -1.333 B=0.0237 deg/keV
AW/W=2.1% Ad=16.14 deg

4-rms-emittances

Input parameters at MEBT (RFQ out): Case 4

x - plane: a= -1.370 B=0.2250 mm/mrad

y - plane: a= 1.740 B=0.2565 mm/mrad

longitudinal: o= 0.000 B=0.0180 deg/keV
AW/W=13% A¢=12.37 deg

5-rms-emittances

€= 34.733 mm*mrad
€= 35.482 mm*mrad
€= 11000.00 ke V*deg

€= 20.000 mm*mrad
€= 20.000 mm*mrad
&= 8500.00 keV*deg
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CASE1
all three tanks in operation

Energy spectrometer

In this case I did not use the slit, because there is no solution of this case when on one hand the
quadrupole fields are limited (ITF QFN 05, 06, 07 = 11.0 T/m) and on the other hand the vertical
width of the beam shall be smaller than 32 mm.

1. Beam characteristics at MSG 10

Dx=1.760 m

Ax=1.56 mm
Ay=112.67 mm

Dx = Dispersion at MSG 10
Ax, Ay = beam half width from betatron oscillation

Ax(dispersion) | _ 214
Ax(betatron) |

Energy resolution between two wires (wire distance = 1 mm)

AE/E = 0.284 %

4. Quadrupole settings [T/m]

ITF QFN 01 = 6.7790 ITF QFN 04 = 7.3097
ITFQDN 02 = -12.4730 ITF QDN 05 = -9.9692
ITF QFN 03S =6.7790 ITF QFN 06 = 7.3097
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CASE 2
tanks 2 and 3 in operation

Energy spectrometer
1. Beam characteristics before slit

x - plane: a=0.00 B= 8.000 mm/mrad e= 13.51 mm*mrad
y - plane: a=1.00 B= 3.000 mm/mrad €= 14.53 mm*mrad

Ax= beam half-width

2. Slit

Slit-width = 1.00 mm
Intensity after slit = 0.082 * Iy (parabolic distribution)

Ip = Intensity before slit

3. Beam characteristics at MSG 10
Dx=1.802 m

Ax=1.67 mm
Ay=15.89 mm

Dx = Dispersion at MSG 10
Ax, Ay = beam half width from betatron oscillation

Slit almost closed (1mm)

Ax(dispersion) 2.6
Ax(betatron)
Slit open

Ax(dispersion) | _ )14
Ax(betatron) ’

Energy resolution between two wires (wire distance = 1 mm)

AE/E =0.277 %

4. Quadrupole settings [T/m]

Ax= 10.40mm

1A2 QDN 01=42.0640 ITF QFN 01 = 15.3559 ITF QFN 04 = 10.4736
IA2 QFN 02 = 44.7659 ITF QDN 02 = -17.5430 ITF QDN 05 = -12.3283
IA2 QDN 038 =42.0640 ITF QFN 03S = 15.3559 ITF QFN 06 = 10.4736
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CASE3
tank 1 in operation

Energy spectrometer
1. Beam characteristics before slit

x - plane: a=0.00 B= 8.000 mm/mrad €= 16.93 mm*mrad
y - plane: a=0.80 B= 4.000 mm/mrad €= 16.79 mm*mrad

Ax= beam half-width

2. Slit

Slit-width = 1.00 mm
Intensity after slit = 0.073 * 1) (parabolic distribution)

I = Intensity before slit

3. Beam characteristics at MSG 10
Dx=1.745m

Ax= 1.96 mm
Ay=15.17 mm

Dx = Dispersion at MSG 10
Ax, Ay = beam half width from betatron oscillation

Slit almost closed (1mm)

Ax(dispersion) =191
Ax(betatron) '

Slit open

Ax(dispersion) | _ 1.83
Ax(betatron) )

Energy resolution between two wires (wire distance = 2.5 mm)

AE/E=0.285%

4. Quadrupole settings [T/m]

Ax= 11.63 mm

IA2 QDN 01=40.7128 ITF QFN 01 = 14.0839 ITF QFN 04 = 8.1056
IA2 QFN 02 = -47.5070 ITF QDN 02 = -16.6877 ITF QDN 05 = -10.0043
IA2 QDN 03S =40.7128 ITF QFN 03S = 14.0839 ITF QFN 06 = 8.1056
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CASE 4
all three tanks off

Energy spectrometer
1. Beam characteristics before slit

x - plane: a=0.00 = 8.000 mm/mrad £= 20.00 mm*mrad
y - plane: a=0.50 B= 3.500 mm/mrad £= 20.00 mm*mrad

Ax= beam half-width

2. Slit

Slit-width = 1.00 mm
Intensity after slit = 0.067 * 1) (parabolic distribution)

I = Intensity before slit

3. Beam characteristics at MSG 10
Dx=1.765 m

Ax=1.12 mm
Ay=15.31 mm

Dx = Dispersion at MSG 10
Ax, Ay = beam half width from betatron oscillation

Slit almost closed (1mm)

( Ax(dispersion)

=3.39
Ax(betatron)

Slit open

=2.69

Ax(dispersion)
Ax(beratron)

Energy resolution between two wires (wire distance = 2.5 mm)

AE/E=0.283 %

4. Quadrupole settings [T/m]

Ax= 12.65 mm

IA2 QDN 01=41.0654 ITF QFN 01 =4.5761 ITF QFN 04 = 3.7891
IA2 QFN 02 = -27.8098 ITF QDN 02 = -5.0201 ITF QDN 05 = 4.6645
IA2 QDN 03S =41.0654 ITF QFN 03S =4.5761 ITF QFN 06 = 3.7891
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Appendix : Some TRACE3D files

1) all tanks in operation, beamtransfer of 208Pb. from outlet of tank3 to ITF.MSGO5

&data

er= 193648.000, g= 25., w= 874.612, xi= 0.000,

emiti(1)= 12.215, 12.348, 28000.00,

beami(1)= -2.347, 4.2099, -2.614, 4.4205, 0.198, 0.0012,
beamf(1)=-0.115, 0.2781, 0.807, 8.2357,

mt= §, nc= 4, mp(1,1)= 1, mp(1,2)= 1, mp(1,3)= 1, mp(1,4)= 1,
mp(2,1)= 2, mp(2,2)= 4, mp(2,3)= 11, mp(2,4)= 13,

mve(l,1)= 1, mvc(2,1)= 6, mvc(3,1)=1,

mvc(1,3)= 1, mvc(2,3)= 16, mvc(3,3)=1,

freq= 202.56, pgext= 2.5, ichrom= 0.,

xm= 20.00, xpm= 10.0, ym=20.0, dpm= 180.0, dwm= 5000.0, dpp= 90.0,
nl= 1, n2= 34, smax= 5.0, pgsmax= 2.5,

a( 1)=1, a(1, 1)= 136.70,

nt( 2)=3, a(1, 2)= 19.2503 ,150.00 ,0.0000 ,0.0000 ,0.0000,
nt( 3)=1,a(1, 3= 32.00,

nt( 4)= 3, a(1, 4)= -22.4097 ,270.00 ,0.0000 ,0.0000 ,0.0000,
nt( 5)=1,a(1, 5= 32.00,

nt( 6)= 3, a(1, 6= 19.2503 ,150.00 ,0.0000 ,0.0000 0.0000,
o 7)= 1, a(1, 7)= 240.00,

ni( 8)=1, a(1, 8)= 660.00,

nt( 9= 1, a(1, 9= 550.00

nt(10)= 1, a(1,10)= 400.00,

nt(11)=3,a(1,11)= 6.8638 ,155.25 ,0.0000 ,0.0000 ,0.0000,
nt(12)= 1, a(1,12)= 499.75,

n(13)= 3, a(1,13)= -10.2106 ,155.25 ,0.0000 ,0.0000 ,0.0000,
ni(14)= 1, a(1,14)= 250.00

ni(15)= 1, a(1,15)= 250.00,

n(16)= 3, a(1,16)= 6.8638 ,155.25 ,0.0000 ,0.0000 ,0.0000,
n(17)=1, a(1,17)= 222.00,

nt(18)=1, a(1,18)= 300.00,

nt(19)= 8, a(1,19)= -28.65 ,-2400.00 ,0.00

n(20)= 9, a(1,20= -7.00 ,-2400.00 ,70.00 ,045 ,2.80,
nt(21)=1, a(1,21)= 943.57,

nt(22)=9, a(1,22)= 5.00 ,1200.00 ,70.00 ,045 ,2.80,
nt(23)= 8, a(1,23)= 28.65 ,1200.00 ,0.00

nt(24)=9, a(1,24)= 5.00 ,1200.00 ,70.00 ,045 ,2.80,
nt(25)= 1, a(1,25)= 500.00,

nt(26)= 1, a(1,26)= 300.00,

n(27)=9, a(1,27)= 5.00 ,1200.00 ,70.00 ,0.45 ,2.80,
nt(28)= 8, a(1,28)= 28.65 ,1200.00 ,0.00

nt(29)=9, a(1,29)= 1.00 ,1200.00 ,70.00 ,0.45 ,2.80,
nt(30)= 1, a(1,30)= 920.00,

nt(31)=1, a(1,31)= 330.00,

nt(32)= 8, a(1,32)= -28.65 ,-1200.00 ,0.00

nt(33)= 1, a(1,33)= 1050.00,

nt(34)= 1, a(1,34)= 700.00,

&end
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2) all tanks in operation, beamtransfer of 208Pb25+ from outlet of tank3 to ITFE.SLFM10
( measurement of transversal emittances )

&data

er= 193648.000, q= 25., w= 874.612, xi= 0.000,

emiti(1)= 12.215, 12.348, 28000.00,

beami(1)= -2.347, 4.2099, -2.614, 4.4205, 0.198, 0.0012,
beamf(1)=-0.115, 0.2781, 0.807, 8.2357,

mt= 8, nc= 4, mp(1,1)= 1, mp(1,2)= 1, mp(1,3)= 1, mp(1,4)= 1,
mp(2,1)= 2, mp(2,2)= 4, mp(2,3)= 10, mp(2,4)= 12,

mvc(l,1)= 1, mve(2,1)= 6, mvc(3,1)=1,

mvc(1,3)= 1, mvc(2,3)= 15, mvc(3,3)=1,

freq= 202.56, pgext= 2.5, ichrom= 0.,

xm= 20.00, xpm= 10.0, ym=20.0, dpm= 180.0, dwm= 5000.0, dpp= 90.0,
nl= 1, n2= 17, smax= 5.0, pgsmax= 2.5,

nt( 1)=1, a(1, 1)= 136.70,

nt( 2)=3, a(1, 2)= 19.2503 ,150.00 ,0.0000 ,0.0000 ,0.0000,
nt( 3)=1, a(1, 3)= 32.00,

nt( 4)= 3, a(1, 4)= -22.4097 ,270.00 ,0.0000 ,0.0000 ,0.0000,
nt( 5)=1, a(1, 5)= 32.00,

nt( 6)= 3, a(1, 6)= 19.2503 ,150.00 ,0.0000 ,0.0000 0.0000,
nt( 7)= 1, a(1, = 900.00,

nt( 8)= 1, a(1, 8)= 550.00

nt( 9)= 1, a(1, 9)= 400.00,

nt(10)= 3,a(1,10)= 6.8638 ,155.25 ,0.0000 ,0.0000 ,0.0000,
n(l11)=1, a(1,11)= 499.75,

nt(12)= 3, a(1,12)= -10.2106 ,155.25 ,0.0000 ,0.0000 ,0.0000,
nt(13)= 1, a(1,13)= 250.00

nt(14)= 1, a(1,14)= 250.00,

nt(15)=3,a(1,15)= 6.8638 ,155.25 ,0.0000 ,0.0000 ,0.0000,
nt(16)= 1, a(1,16)= 222.00,

nt(17)= 1, a(1,17)= 2750.00,

&end
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3) all tanks in operation, beamtransfer of 208Pb25+ from outlet of tank3 to ITFS.MSG10
( measurement of energy dispersion )

&data

er= 193648.000, g= 25., w= 874.612, xi= 0.000,

emiti(1)= 12.215, 12.348, 28000.00,

beami(l)= -2.347, 4.2099, -2.614, 4.4205, 0.198, 0.0012,
beamf(1)= 0.000, 0.2000, -1.500, 13.0000

mt= 8, nc= 4, mp(1,1)= 1, mp(1,2)= 1, mp(1,3)= 1, mp(1,4)= 1,
mp(2,1)= 2, mp(2,2)=4, mp(2,3)= 11, mp(2,4)= 13,

mvc(l,1)=1, mvc(2,1)=6, mvc(3,1)=1,

mvc(1,3)= 1, mve(2,3)= 16, mvc(3,3)=1,

freq= 202.56, pgext= 2.5, ichrom= 0.,

xm= 20.00, xpm= 10.0, ym=35.0, dpm= 180.0, dwm= 5000.0, dpp= 90.0,
nl= 1, n2= 34, smax= 5.0, pgsmax= 2.5,

nt( 1)=1, a1, 1)= 136.70,

n( 2)=3,a(l,2)= 6.7790 ,150.00 ,0.0000 ,0.0000 ,0.0000,
nt( 3)= 1, a(1, 3= 32.00,

nt( 4)= 3, a(1, 4)= -12.4730 ,270.00 ,0.0000 ,0.0000 ,0.0000,
ni( 5)=1,a(1, 5= 32.00,

ni( 6)=3,a(1,6)= 6.7790 ,150.00 ,0.0000 ,0.0000 0.0000,
n( 7)= 1, a(1, 7)= 240.00,

nt( 8)= 1, a(1, 8)= 660.00,

nt( 9)= 1, a(1, 9)= 550.00

nt(10)= 1, a(1,10)= 400.00,

ni(11)=3,a(1,11)= 7.3097 ,155.25 ,0.0000 ,0.0000 ,0.0000,
nt(12)=1, a(1,12)= 499.75,

nt(13)= 3, a(1,13)= -9.9692 ,155.25 ,0.0000 ,0.0000 ,0.0000,
ni(14)= 1, a(1,14)= 250.00

nt(15)= 1, a(1,15)= 250.00,

nt(16)=3,a(1,16)= 7.3097 ,155.25 ,0.0000 ,0.0000 ,0.0000,
n(17)=1,a(1,17)= 222.00,

nt(18)= 1, a(1,18)= 300.00,

nt(19)= 8, a(1,19)= -28.65 ,-2400.00 ,0.00

nt(20)=9, a(1,20)= -7.00,-2400.00 ,70.00 ,045 ,2.80,
nt(21)= 1, a(1,21)= 2950.00,

&end



