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Start-to-end Model with TRACEWIN

* A start-to-end model of the FNAL 400 MeV Linac has been built using
TRACEWIN and TOUTATIS

« TRACEWIN and TOUTATIS are codes from CEA/Saclay, France

* Where does the model start ? : from the Ion Source Exit

* Where does the model ends ?: 6.145 meters downsteam Q17 (see below)
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Start-to-end Model with TRACEWIN: How was the model built ?

LEBT (35 keV): from TRACE2D input file (CY Tan, D. Bollinger)

RFQ (750 keV) : from PARMTEQM input file (CY Tan)

MEBT +DTL (117 MeV) + CCL (400 MeV) : from PARMILA input file (H.J. Kim)
Transfer Line : from MAD (F. Garcia)

« Field on axis were used (see below)

LEBT Solenoid
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BUNCHER + VERNIER
(from Superfish)

\
|
\

{
acevin - CEADSMITTUSACH

f
t
1.2

{
f
|
\
|
J
t
i
!
f
|
|
|
|
f
LJ
o'

t1
|
|
|
i
f
Z(m)

|
J
i
|

!

f

f

BUNCHER + VERNIER FIELD ON AXIS

T
025

Z (m)

T
0.15

T
0.1

T
0.05

T
~ E ~
(W/AW) del play anbiydap



Start-to-end Model with TRACEWIN (LEBT + Start of RFQ part)

FREQ 201.24

DRIFT 1e-00550 0 €& N]odel starts about 398.19 mm from the middle of SOLO1
SPACE_CHARGE_COMP 0.5

DRIFT 172.09 50 O
FIELD_MAP 10 457.2 0 120 0.38 0 00 SOL-PIP
DRIFT 385.73 500
FIELD_MAP 10 457.201200410080
DRIFT 29.4500

\ File Map

SPACE_CHARGE_COMP 0.5

DRIFT 1e-005 50 O
DRIFT 1e-005 50 O
DRIFT 1e-005 50 O

;end

RFQ_GAP_RMS_FFS 8.5098 5.5087

RFQ_CELL 79200 5.0010125.72-903 375110000

RFQ_CELL 792005.001016.43 -904 3.751-2.234450000

lattice 2

RFQ_CELL 79200 4.981 0.000511145 1.0016 6.43 -90 -2 3.735-12.61970000
RFQ_CELL 79200 4.944 0.00139094 1.0043 6.43 -86.5707 2 3.708 -21.7853 0000



Solenoids of LEBT

¢ Measurement
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Beam TWISS at Ion Source
LN N N

Project Process Optimisation Options Charts Help

b/j L] B C: /LINACSPIP/TW-FINAL-10JUNE 2013/fnal_pip_linac.ini K2
 0.17 mm-mrad transverse emittance | b 1
« 60mA Main | Matching | Multipartide | Output | Edit | Data | Charts | Errors | Epics |
° 100 k Input Main beam parameters Structure

[ use file for Phase advance definition

[ Linear phase advance per meter

E: Go to second beam

« 4D Ellipse - Uniform Distribution |

Select Main beam or second beam
Mo, . BB

Emit X¥p 0.17

Beam TWISS Emit Y¥p 0.17 g;ZiEJzEbiT::Esame gradient
(from probes2RFQ.t2d back propagatio

Emit ZZp 0 Open or Create Data file

]n|;ut Beam pamM E@g ] Rms emittances ( T1.deg.MeV ) . JUNE2013ffmal_pip_linac.dat
i

N

Emit PV O [] Mon linear effects in gaps {Envelope)
Twiss parameters Beam Center : [7] uze aperture element (Envelope)
AlphaX  -0.57343 Dx 0O mm t)[H_ _ ” 1 ] [ Include errors defined 1
) in study Data M= :

S 0.052549 R |0 mrad Csu; e I';";Z;': e ey Froze random seed to
AlphaY -0.40643 Dy 0 mim Mbr of partide Bunch Freq. (MHz) Options

Beta¥ 0.056954 mm;fpi. mrad Dy 0 mrad 100000 201.24 Calculation Directory
Az |0 o - D:Dt; cyde (%) .. INACS/PIP/TW-FINAL-10JUNE20 13

BetaZ 0 mmjpi.mad  pp g deg Multiparticle file ?D?“Firgm?;; gﬁ'ﬁgggz}:ﬁ 100
BetaW 0 deq/pi.MeV e o [ Import parameters from file ] ?EE;IEE'T;;:;M per: n E;ter 100
Mismatchings (%) Dw 0 Mel [ Transient calculation options ]

X0 o Z 0 Dpfp 0 Yo ‘ %@Twiss Parameters ‘ ‘ @Send project ‘
[ JDk ] ‘ Gﬁeam ‘ ‘ L] From file| || = | From E|CI..I|‘ ‘ x Can::el‘

316.573 5 i %o




Beam Output Ton Source (from TRACEWIN)

TraceWin - CEA/DSM/Irfu/SACM
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Beam Output Ion Source : Important Questions for the Model

* What is the degree of space-charge neutralization in the LEBT ?
« Is the beam properly matched at the RFQ entrance ?

(MATCHES **SYMMETRIC** TWISS AT RFQ ENTRANCE : 1.5 and 0.051 mm/mrad)



Is the beam symmetric at the RFQ entrance (Paper from HB2012, China)

« Is the beam symmetric at the
RFQ entrance ?

No | from HB2012 paper
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How important is the beam matching at the RFQ entrance ?

LA-UR-13-21653

Approved for public release; distribution is unlimited.

Title: Beam dynamics modeling in RFQ with CST Particle Studio
Author(s): Kurennoy, Sergey S.
Intended for: Distribution to external collaborators

For these cases, the initial transverse normalized rms emittances were 0.11 © mm-mrad 1n the vertical
plane and 0.15 7 mm-mrad in the horizontal one (0.3 m mm-mrad in the matched case). but the beam
parameters that we inferred from the measurements were different from the design values. In the last
case in Fig. 21. marked V3. mism1™. the initial distribution was additionally rotated 45° in the
transverse plane plus the initial energy was 37 keV instead of 35 keV. The transmission in the case V3,
mism” was 37% for 5 central bunches, and much lower in the last case. This comparison suggests that
matching the initial distribution to the RFQ 1s very important. while the voltage profile has some
Tnflucnce DUt not critical for transmission, It 1s worth mentioning that the FNAL RFQ transmission
achieved in operation so far has been around 60-70% [8].




Zero Space Charge in LEBT (k=1in TRACEWIN)
Beam is divergent at the RFQ input. ~60% losses at the RFQ exit.
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Zero Space Charge in LEBT (k=1in TRACEWIN)

Beam distribution at the RFQ input.

Ele: 11 [1.50162 m]

NGOOD : 100000 / 100000
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Full Space Charge in LEBT (k=0 in TRACEWIN)
Beam is convergent at the RFQ entrance. Losses in LEBT + RFQ. ~40 % losses

elin - CEA/DSM/Irfu/SACM
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Full Space Charge in LEBT (k=0 in TRACEWIN)
Beam is distribution at the RFQ entrance.
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Half Space Charge in LEBT (k=0.5 in TRACEWIN)

Beam is convergent at the RFQ entrance. Losses in R

FQ. ~20 % losses
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Half Space Charge in LEBT (k=0.5 in TRACEWIN)
Beam distribution at the RFQ entrance.

Ele: 11 [1.50162 m] NGOOD : 100000 / 100000
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Losses up to the DTL exit. Large losses between DTL#4 and DTL#5.

MEBT Quads: 300.8 / 248.6 / 271.6 / 169.8 Amps From Velev Gueorgui
28.08 / 23.21/ 25.36 / 15.85 T/m
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Losses up to the DTL exit. Large losses between DTL#4 and DTL#5.

First Quad of DTL#5 is big compared to other quads.
Why? Probably to break an asymmetry (my guess !)
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Losses up to the DTL exit. Large losses between DTL#4 and DTL#5.
First Quad of DTL#5 is big compared to other quads.
Why? Probably to break an asymmetry (my guess !)

« What does this mean ? My guess is that the beam enters DTL#01 not symmetric
and Qb5 brings the symmetry back in DTL#05

« What if Q4 of MEBT goes to -30 T/mi.0 -15.85 T/m?



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m)
Losses up to the end of the DTL (Much Better!)
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LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m)

Losses up to the end of the Transfer Line

TraceWin - CEA/DSM/Irfu/SACM
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LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m)
Emittance along the linac + transfer line

TraceWin - CEA/DSM,/TrfufSACM
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LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m)
Energy along the linac + transfer line
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LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m)
Envelopes along the linac + transfer line
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Conclusion

« A start-to-end simulation model is now available in TRACEWIN for the FNAL
400 MeV Linac

* From IS exit to the upstream of the Stripping Foil of the Booster

 Reasonable beam losses from the IS to the stripping foil
(~60 mA at start and ~30 mA at the end)

« Two assumptions were taken
1/ k=0.5 (half neutralization in the LEBT)
2/ beam not symmetric at the entrance of the DTL#01



