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N Case to Benchmark: Emittance Growth along UNILAC ®
Alvarez DTL at GSI T

Tank : A1 A2a A2b A3 A4
E [MeV/u] : 14 3.6 4.8 5.9 8.6 11.4
< 54 m >

* 5 independent rf-tanks

* 108 MHz

» 192 rf-cells

» F-D-D-F focusing

* inter-tank focusing : F-D-F

» synchr. rf-phases -(30°,30°,30°,25°,25°)
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Experimental Set-up & Procedure Q

* Beam Current Measurement

« Beam Profile Measurement

Matching to DTL

* Phase Probes

\

From

40Ar1 + — 40Ar1 0+

A1l lAZa A2bl A3 l A4

Alvarez DTL Section

HSI |
Beam Emittance Measurement (trans.)
Gas Stripper

Rms Bunch Length Measurement

» set beam current to 7.1 mA of 40Ar10+

* measure hor., ver. emittance, and long. rms-bunch length at DTL entrance

» set DTL transverse phase advance to values from 35° to 130° (undepressed)

* tune depression varied from 14% (130°) to 43% (35°)

* measure transmission, hor., and ver. rms-emittance at DTL exit
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ICAP 09 Reconstruction of Initial rms-Parameters | %

start of simulations

DTL

Buncher

Buncher
108 MHz
1
| S |
rms-tracking
i backwards "I _
iﬁ’“\x” meaS.(CX,B,ﬁ)Xy
A fgi i il T
(S
meaSU,.e ngl‘/) 3 .
nt & | a0\
P Ll = % guessed (q, B, €),

1. selfconsistent KV backtracking, i.e. finding (a,B,€), that fit to measured bunch length

2. verification by sims whether applied machine settings give full transmission w/o tails
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Reconstruction of Initial Type of Distribution

« Gauss, Lorentz, Waterbag, KV distributions do not fit the measured amount of halo

« several functions tried in order to fit halo in both planes

 function found as:

dN
dV

R =XZ 4 X723 Y2 yiADL 2 4 (§P/P)

— f(XaXF}Y}YF}{I’}ap/P)

f(R) = . R<1

f(f%):cl} R > 1,

applying different powers for different planes, the amount of
halo can be reproduced in each plane separately
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Initial Distribution and Codes | g

initial distribution
N E E simulations with four different codes
3k B 4 r ] . s . .
R __ | as used by the participating labs:
_ 1 g |
S o { Eof )
S ; DYNAMION (GSI)
: s 3 A ]
S UL B ; PARMILA (SNS)
S E 41 e, en., = 0.105998 mm mrad | .
4f ; : Bem-;e.:'f 8.83301 m ] TraceWin (C EAlsaCIay)
P R B B [ Yemsosx =, 47303
T 2 e LORASR (Univ. of Frankfurt)
A 1 15 _athg'SaSéaS: I'(T:'ll;td ‘ Solver Boundaries No. of Part. CPU Time RE-Gap
vE 10 - - DYNAMION  3D-part.-part. open 43-10% 20 h tracking
_ 2r g ] z 5 — & — PARMILA PICNIC-3D open 2.10° 30 min. non-linear kicks
o ® F ]
g 0F . % 0F 1 TraceWin PICNIC-3D open 2.10° 30 min. non-linear kicks
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] A0f _ .
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Evolution of Simulated rms Emittances %
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» growth occurs mainly along first two tanks

* lowest growth at intermediate phase advances
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Shapes of Final Distributions (Horizontal) Q

B o A A SR VR N
o, = 35° o, = 60° o, = 90°
%1 Int / Int_max [%]
= &2 ?l;' 0-5
= 5-10
> 10 - 20
e AT e AV 20 - 40
40 -100

VI1INEVd

* core: good agreement (ex. 35°)
* 90°: "wings" seen in exp. & sims

* deviations at lowest densities (halo)

uipeoe

dSVHOT
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Emittances as Function of Phase Advance | g

horizontal vertical
- hor., initial
g —e— hor., Exp. =) ., initial
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 codes reproduce the dependence on phase advance qualitatively

« differences w.r.t. to absolute final emittance values

L. Groening, Comparison of Different Simulation Codes with UNILAC Measurements for High Beam Currents



Emittances as Function of Phase Advance . %
BN O NV.m TSR B Wm0

(horizontal + vertical) / 2

initial

—e— Exp.

0.7 - ---0--- DYNAMION
---0--- PARMILA
---¢-- TraceWin >K
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0.3

Norm. Transv. rms-Emittance (mm mrad)

0.1 T T T
30 50 70 90

Transverse Zero Current Phase Advance (deg)

 quantitative agreement among codes better for the sum of transverse emittances
* reduced fluctuation of data points w.r.t. average behavior
» experimental data within bandwidth of codes
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Matching to Periodic DTL with Space Charge | %

matching including space charge is based on rms envelope tracking following a
system of coupled diff. egs®

horizontal @“ @ 3534(-13_)]:
x ¥4z

’2

vertical all +x,(s)a, — Foy . S =D
¥ 4o e AR ( T
y  |ax+ay)a,
d rms beam sizes beam emittance
et ext. foc. strengths beam current

2

longitudinal al’ +x,(s)a, — Sop el 0
z Z & -ﬂ3 a.a
L Eoa |

We have defined a three-dimensional space-charge parameter

al 1N
201/5negme3y3pE - -

"Th. Wrangler: "RF Linear Accelerators", Wiley Intersience, p. 278, (1998)

K3 =
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Periodic Solution with Space Charge Q

at entrance to first DTL cell (rms): | o o
Al_match.mad
“ £, €, £, given by initial distribution L N
* B, . By, B,; guessed at first iteration
| Bx,i ’ By,i ’ Bz,i
° aX,i = ay,i = aZ,i — 0 ||| 08

0.7

1 0.6 -

rms tracking through complete F-D-D-F
DTL cell including 4 rf-kicks

l 0.0 o 02 0.3 0.4 0.5 0.6

obtain B, ¢, B,;, B,; at cell exit

convergence after = 25 iterations,
1 i.e. <1 sec CPU time

)12, ...

new iteration: B, ; = (B, + B

x,f
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Matching to Periodic DTL with Space Charge

Buncher
36 MHz Quadrupoles

- HiHE

» Twiss parameters at entrance to matching section are known (a;, 3,
» Twiss parameters at exit of section (a;, ;) depend on seven variables (f;...f;)

* mismatch at DTL entrance from T. Wanglers definition; Aa = a; — 0,

A+ /A(A+4)]?
M= |1+27 ,)(Jr) ~1

A = (Aa)? — ABAY,
- define function F (f;...f;) :== M3(...) + M/3(..) + M3(...)

« find (f,...f;) that minimize F using powel//routine from "Num. Recipies in C"
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Experimental Investigation of Matching | %

evaluation of mismatch of last measurement :
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[CAP 09

X o
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Reliability of Codes: Impact of Mismatch @
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Space Charge Driven Resonance in a Linac | g

« assumption of a periodically breathing beam envelope with phase advance o

env

» envelope has radial symmetry
* single particle experiences:
- constant external focusing with o

» electric field of breathing envelope

envelope charge density depends on radius r :

p(r) = po(s) [1 N g?:))z] , 7 < R(s) density component (r?), r> neglected

creating a field :

18-1

@ ] , < R(s) octupolar field component (r3)
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Single Particle Motion . g

single particle motion driven by two components :

: €-q
v = —olr + - By
A-m,

T N

external quad focusing field from envelope (perturbation)

perturbed oscillator equation :

'’ + Crg-r — q-73. ¢i9envs frequency of external perturbation from envelope breathing
solution by ansatz : Plugging into oscillator equation :
?"(S) ~ e~ i00s 'I’” + UET ~ a- Ei{geﬂu —30,)s

resonance condition : Teny = 4o,

— envelope oscillates 4 times faster than single particle
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ICAP 09 Model for Resonance _ ,%

initial phase space distribution
f_oscillation (envelope) = 4 * f_oscillation (particle) R A A A

- resonant excitation of single particle

r' [mm]
o » b MM O N B O ©
©

Amplitude [mm]

.........

o o8] a (2] o
T T T T

[mrad]

4 arms: characteristic feature
of octupolar resonance

rl
o & A\

r{mm]
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ICAP 09 Octupolar Resonance in a Linear Accelerator )

* never observed directly worldwide (linac nor ring) due to insufficient machine/beam control
* requires very small mismatch to assure envelope periodicity
 cannot be seen behind multi-tank DTL due to inter-tank mismatch

« simulations by D. Jeon (SNS) suggested to measure this resonance at GSI UNILAC

Experiment at GSI UNILAC :

* install beam emittance measurement unit after first DTL tank

* measure phase space distributions and rms emittances
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Evidence of Octupolar Resonance in the UNILAC _4%
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ICAP 09 Summary

L - TN . maY ) FReEESSE TS

[

» Codes describe well the behavior of sum of hor. and ver. emittances
* Within single planes:
« considerable differences among codes
— agreement between measurements and codes is just fair
* Reliability of codes increases with quality of matching
 Differences among codes decrease with quality of matching

» Agreement with measurements does not depend on number of particles

» Experimental evidence for octupolar space charge resonance in linear accelerator
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Development of UNILAC Beam Birilliance | %
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Matching to Periodic Solution with Space Charge Q
« after periodic solution assumed to be known

« section prior to DTL needs to be set to exactly match this solution

» seven available knobs: five quadrupoles, 2 bunchers

/ Phase Probes \

N
- T 9 - 5 S B8 < >
hos] A 0o w o = = - m a
[aa) g @) ) ) g O O m 0
< <t X U § <t Y < < <
() ) ) () N D v n u
) D D ) D D D D D D
I I Emittance Measurement III Buncher
Buncher Quadrupoles Quadrupoles (108 MHz)
(36 MHz)

 seven variables to minimize one value - sum of mismatches in hor., ver. and long.

» envelope equations + numerical recipies (Powell routine) can do the job (theoretically)
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Routine to For Matched Injection into DTL | %

B\ . T . M

|_mean [emA]: 9.5 Best fitting settings are:

q: 10.0 q_US4QD41 = 1.982 1/m

A: Input 40.00 q_US4QD42 = -1.852 1/m Output

beta_rel: 0.054638 q_US4QT51 = 0.833 1/m

rf-freq [MHZ]: 108.408 q_US4QT52 = -3.254 1/m

unnorm. hor. rms-emit. [mm mrad]: 3.0 q_US4QT53 = 2.659 1/m

meas. hor. beta-func. [m]: 5.33

meas. hor. alpha: 2.09

unnorm. ver. rms-emit. [mm mrad]:  2.25

meas. ver. beta-func. [m]: 11.49 Best fitting Twiss parameters are:

meas. ver. alpha: 4.94 beta_x = 1.847m

unnorm. long. rms-emit. [deg mrad]: 50.0 alpha_x = 0.104

meas. long. beta-func. [deg/mrad]: 22.175 beta_.y = 0.887m

meas. long. alpha: 3.379 alpha_y = 0.050

MAZ of first A1 cell: 4.5 beta_l = 3.073 deg/mrad

During US4-emitt. measurement: alpha_| = -0.458

Strength of US4QD41 [1/m]: 2.139

Strength of US4QD42 [1/m]: -2.090 remaining mismatch: 0.02

Strength of US4QT51 [1/m]: 0.905

Strength of US4QTS52 [1/m]: -2.839 Periodic solution before 1st gap of Alvarez Tank I:

Strength of US4QT53 [1/m]: 2.911 beta_x = 1.85 m, alpha_x = 0.10, DPhi_x =29.7°
beta_y = 0.89 m, alpha_y = 0.05, DPhi_y = 26.6°
beta_| = 2.40 °/mrad, alpha_l =-0.11, DPhi_| =34.7°
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Impact of Envelope Instability | . %

Simulated envelopes — no instability at o, > 90°

8 E N [ '0 T T I_E
va o, =80 E
6 O, = 100° _
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T O ]
E 2 T 4%-order resonance
) ]
N ]
w Ly | | | | | | | | |
% 8 : | | | | | | | | 3
g i 1
2 ?
0 6 i _
5; )
4 F vertical _f
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1 L ,
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Impact of Envelope Instability Il . g

Simulation with KV distribution — no significant growth
(KV has no 4"-order potential term)

S
©
£ 04
=
E
Q
e
g 03| 5000 particles — residual num. noise
E creates small artificial 4th-order term
"
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S
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Reservierungsbestitigung

Vielen Dank fiir lhre Buchung.

Booking.com Reservierungsnummer 113.349.191

Pincode 3328

Diese Buchung wurde bestatigt am Montag, 27. Juli 2009
lhr Mame Lars Groening

lhre E-Mail-Adresse la.groening@gsi.de

Im Bereich Meine Buchung” kénnen Sie uns eine Nachricht senden und [hre Buchung dndem bzw.
stomieren. https:/secure.booking.com/mybooking.htm!?bn=113349191:pincode=3325.

Diese Bestatiqung ist alles, was Sie brauchen! Sie beinhaltet alle Details [hrer

% 2 Klicken Sie hier, um lhre Buchungsbestitigung auszudrucken.
Reservierung.

Eine zusatzliche Kopie ihrer Reservierungsbestatigung wurde ebenfalls an la.groening@gsi.de
verschickt. Sollten Sie die zusatzliche Kapie nicht erhalfen wurde sie eventuell durch lhren
Spamschuiz gefiltert. Bitte dberprifen Sie lhren Spamordner.

Ihre Reservierung

Hotelinformation

Hatel West Cliff Inn

Adresse 174 West Cliff Drive
Santa Cruz (California), CA 95060
Vereinigte Staaten

Telefon +18314572200
Fax +18314572221
E-Mail westcliffinn@foursisters.com

Wegheschreibung Fir lhre persénliche Wegbeschreibung gehen Sie bitte zu
http:/iwww.booking.com/directions.de.html?id=113349191

lhre Reservierungsdaten

Ankunft Freitag, 28. August 2009, anreise 15:00 - 20:00
Abreise Sonntag, 30. August 2009, abreise 08:00 — 12:00
Anzahl 1 Zimmer

Gesamtpreis US$ 550.00

Fertig

/= abteilunge

0 Internet
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Price breakdown

US$ 500.00 +
« Steuer (10%) usssoox10%  USH 50.00 +
Gesamtpreis fiir dieses Zimmer US$ 550.00

Kommentare des Gastes

no remarks

Reservierung @ndern oder stornieren

Um die Reservierung zu dndern oder stomieren. klicken Sie bitte auf:
https://secure.booking.com/mybooking.htm1?bn=113349191:pincode=3328

Bestimmungen des Hotels

Dies sind die allgemeinan Bedingungen des Hotels. Die Stornierungshedingungen kénnen mit jeder
Zimmerkategorie variieren. Bitte (berprifen Sie deshalb auch die Zimmerbaschraibung.

Stormierungen
« Stornierungen , die bis zu 7 Tage vor Anreisedatum erfolgen, sind kostenfrei.
+ Stornierungen , die verspatet oder gar nicht erfolgen, werden mit dem Preis der ersten
Ubernachtung berechnet.

Bestimmungen flir Kinder und Zustellbetten
¢ Bis zu zwei Kinder unter § Jahren zahlen keinen Aufpreis in einem der vorhandenen Betten.
» Alle weiteren lteren Kinder oder Erwachsene zahlen USD 25,00 pro Ubemachtung und
Person in einem der vorhandenen Betten.
Ein &lteres Kind oder Erwachsener zahlt keinen Aufpreis fir ein Zustellbett.
Ein Kind unter 2 Jahren zahlt keinen Aufpreis fiir ein Babybett.
In dem Zimmer ist Platz fir ein Zustellbett/Babybett.

Parken
+ Offentliche Parkplatze stehen kostenfrei am Hotel zur Verfligung.

Internet
« VWLAN ist im gesamten Hotel nutzbar und ist kostenfrei.

Haustiere
+ Haustiere sind nicht gestattet.

Kreditkarte / Garantie [ Zahlungsinformationen

Bezahlung

Sie haben lhre Buchung mit den Angaben lhrer Kreditkarte bestatigt. Dies ist nur zur Garantie
erforderlich.

Booking.com belastet zu keinem Zeitpunkt lhre Kreditkarte. Die Bezahlung erfolgt Gber das Hotel

0 Internet

/= montel o % : - /- Abteilungen -
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Das Hotel behalt sich das Recht vor, die Kreditkarte vor der Anreise zu vorauthorisieren. ~ _

Das Hotel akzeptiert folgende Zahlungsmethoden:

American Express, Visa, Euro/Mastercard, Discover

Wichtige Information

Upon check-in photo identification and credit card is required. All special requests are subject to
availability upon check-in. Special requests cannot be guaranteed and may incur additional charges.

Info zum Kundenservice

Wir wiinschen lhnen einen angenehmen Aufenthalt!

Booking.com Online-Hotelreservierungen
E-Mail: customer.senvice@booking.com
Telefon: +44 20 3320 2603 (Deutsch)

Autovermietung Lage in der N'a'heder| Teneriffa - Santa Cruz v
Abholung und Riickgabe Ort: Pick-up Date: Drop-off Date:
san Jose - Airport | Fr,28 Aug 2008 | So, 30 Aug 2009
Change Change Change

Economy
“?‘, - €2314 ST
== Chevrolet Aveo oder vergleichbar [Tag

Kompakt

i — Dodge Caliber Automatic oder
vergleichbar

’.’. Zwischengrifie

W Chrysler Sebring Automatic oder w € 28.49 m
vergleichbar iTag
S Pazzagiere, 4 Tazchen, 2/4 Tiren

Weitere Optionen [ m w RNational. Si'ﬁ' | WWUI;?C'"T""""L‘_'_’@
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Urhehberrecht ® 1996-2009 Booking.com. Alle Rechte vorbehalten. Booking.com gehdrt zu Priceline.com und unterhalt Biros in:
Amsterdam - Athen - Barcelona - Berlin - Cambridge - Dubai - Dublin - Grand Rapids - Kapstadt - London - Loulé (PT) - Lyon - Madrid - Mantréal - Moskau -
Minchen - New Yark - Orlando - Paris - Rom - San Francisco - 330 Paulo - Singapur - Stockholm - Sydney - Tokio - Wien - Warschau - Zirich

lhre Referenznummer ist: C1CTF
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