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@@2@ UMER: Benchmarks for Space Charge Codes

1. The Need for Benchmarking Space Charge Codes




@/ Demand for Understanding Space Charge

Spallation Neutron Source | Heavy Ion Inertlal Fu3|on
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X-Ray Free Electron Lasers

The LCLS o
(Linac Coherent Light Source) ——

See talks by Holmes, Vay, Dohlus




» Affects particle tunes

e Depends on beam distribution
— generally nonlinear
— can result in spread of tunes

« Beam can propagate waves

Consequences for accelerator design:
e emittance growth

e resonances

* halo and beam losses
 Instabilities: modulations can grow

Effects of Space Charge

external focusing

koa
— 7 =

Space charge + emittance

Computation is difficult since a realistic distribution

~ > IREAP Constantly evolves
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« WARP
 IMPACT
« ORBIT

Space Charge Codes

Physics models used in codes
need to be validated against
controlled experiments

e Vlasov Solvers

« MICROMAP
e Astra

« PARMELA
e Simpsons

e GPT

/Benchmarking difficult, see talks A
* Franchetti (ICAPOG)
e Cousineau (PACO05)

Most often, it is an issue of knowing what
\the experimental measurements mean. Y,
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s UMER: Benchmarks for Space Charge Codes

2. UMER - an Experimental Facility for Space Charge
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@}/ Model: The Umversrl'y of /V\arylcmd Elec:'l'ron ’R:_ng

’YRYLh _ - |
Use 10 keV electrons to  FEy e __,__ggy Vi : J“
Inexpensively model s Lt g
space charge effects in = '
other accelerators

1 keV 1 MeV 1 GeV

HI

I Energy 10 keV Circulation time 200 ns
Energy Spread 20 eV Pulse length 5-100 ns
Current Range 0.6-100 mA |Zero-Current Tune |7.6
rms Emittance 0.2-3 pm | Depressed Tune 1.5-6.5
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72 Quads
(~ 7.8 G/cm)

36 Dipoles
(~15G)



time along pulse [ns]

Typical
. U RAARR R A A AR A AR A A A A AAAAAR
,PM signals RIVER E
' low current 1 mVidiv
up to . - = .
125 turns

Zero-current Beam Estimated Tune _
Tune=7.3 Current | Emittance* | Depression Tune Shift
Injected 690 YA 5.6 um 0.89 0.80

After 25 turns 300 pA 4.6 um 0.94 0.45

*4Arms, unnormalized

" IREAP
- S. Bernal, Proc. Advanced Accelerators Concepts Wkshp 2006.



5,8 Multi-Turn: More Intense Space Charge
20 Jl\ i
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O : : 60 turns
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0] 500 1000 1500
Time [ns]
Zero-current Beam Estimated Tune Depression - Shif
Tune=7.3 Current |Emittance * HIE Sl
Injected 18.6 mA 24 ym 0.55 3.3
After 9Qturns | 3.6 mA 10-25 um 0.72-0.87 2.0-0.9

*4Arms, unnormalized

-~ IREAP
= M. Walter, Proc. Advanced Accelerators Concepts Wkshp 2006. ,,
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(0% - UMER Diagnostics
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Imagers:
e Fluorescent Screen Imagers
e Optical Transition Radiation (OTR) Imagers

Beam pickups:
« Capacitive Beam Position Monitors
e Bergoz Current Monitors

Phase-Space Mappers:

 Tomographic Quad-scan (L)

o Slit-slit (L)

 Pepper-pot (L)

« Retarding Potential Energy analyzers (//)

&Z;WREAP
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,éhé Novel Retarding-Potential Energy Analyzer
Collimating Cylinder  (high time, space, and energy resolution)
-10.13kV
= Retarding
EE i MeSh
F 2 @’ 99905V o
Measured Longitudinal
Con Phase Space

IEEI

10 keV g &
Beam HEEEEEE T 5150
i {40
3
5100
(5 130
rd . ) . 5050
3'd Generation: Res. <1 eV {20
5000
10
4850

" IREAP
= U7V cui RSl 75(8), 2736 (2004). © 2 0 L@, ® ™



@5 Optical Transition Radiation Diagnostic

Comparison of 10 ns slice with full beam projection

Odelay 10nsdelay 30nsdelay 60nsdelay

S0nsdelay Full beam (100ns)

Gun
parameters:

45 V hias,
22 MA

\" IREAP
| Fiorito & Feldman, to be published 14



- Tomography Phase-Space Imager

"’Ryu&
¢.t. scanner x-ray tube

\

both rotate
around the

Fianon Quad Monitor

/g

image
i x-ray detector
signals from
. detector
— -;,tr———ﬂ‘"’; i et

computer

(1826 Abel, 1917 Radon)

CIEN =101 x| I
L e}
Hui Li, Ph.D. Thesis, University of Maryland, 2004. 15
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Simulation of Tomography

Additional projections at different
angles add information to our image of
the phase space

Different Distribution

Tomography

WARP simulation Reconstructed by
hollow-velocity tomography on
\ simulation resulty

= -

D. Stratakis, PRSTAB, to appear (2006). 16
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@@2@ UMER: Benchmarks for Space Charge Codes

3. Examples of experimental validation of codes
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'Propagafion of Density Perturbation on Beam

Beginning

20 mA thermal-emission beam current

in
T

20 mA photo-emission beam current

emnenm_ WARP
simullation

a.03

Normalized Beam Current
=
o

B

| ] e s S S S . . S R R — —

[=]
T

(Ampa}

1 | ]
Q.01 0 il a0

Current (A)

Q.00

End

PERPEE R TR TR T 1
5 1a

Normalized Beam Current

20 0 20 40 60 80
time(ns)

&Z;WREAP

Y. Huo, to be published 18



0/ Space charge converts clensi'l'y Per"l'urbafion

to an energy per’l'urba'l'ion

< o
o 201
c . | < T '
Q. I Group 1 Group 2
el | i . 5200 —
5 - ] ! 5150 ? ‘a
O o T WARP-RZ 5150} |
% o 50 . 100 150 200 1% ; 51 DD i - Experlment > "\
s o R — _ @
Initial Currentvs. & y 1-D Theory = 5100 .
Group 3 - initial beam current o NI'
----\WARP-RZ
a0 ] 2o — Experiment
5 o 3 1-D Theory
50 100
] = Time (ns)
. R g 50 e g 150 00 R — Grou 3 Grou 4
time/nsO =100 = 200 S200,_. P ~ 2
5150 B
< |
L 5100
= =
=2 =
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7\ Time (ns Time (ns
~ ) IREAP (ns) (ns)

K. Tian, et al., PRSTAB 9, 014201 (2006). 19



@@E@ UMER Gun Simulation Challenge

’YR

|

/ Solution:
e 0.15mm Use WARP w/ Adaptive
. Mesh Refinement
: . thanks to J-L Vay
¢ Grid
K E‘ 0.15 mm
r=4mm

A/K distance = 25.0 mm

20



@ Prediction of Virtual Cathode Oscillations

WARP: 1 mm downstream of cathode

Current atiz=6
— [ r 1 1. T 1 T T T T [ T T T T [ T 1

Longitudinal Phase Space

“rsmm

Gmm

4mm

Beam Current

Jmm

Zmm

1mm

O. T Y N T A A A (N NN TR N Y Y R RO RO AN S|
0. 1. 2. 3 4.

Time (ns)
Modulated at 6/3 = 2 GHz

|. Haber, et al., Proc. PAC 2005 21



) Experimental Verification w/ Spectrum Analyzer
TRy LN
401 bias=8.0 V- Measured Spectrum

_ | 07 T35
~
- 10 3
®) I = .20 1 +25 N
O -60f 4 & \ A [ CoT
— S 0 , %
L ~ 2.0 GHz S .l |, &
= : M g
E E -50 A i &)
= -0 1 o ] e e
<C I B 5 10 15 20 25 30"

MMWM Bias Voltage

1.95 2.00 2.05 2.10 Peak present over limited

Frequency (GHz) range of grid voltages

22
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T Mission

0o Mews

[ Events

o Personnel

[ Technical Dats
o FPublications
o Technical Motes
o Groups
Camembers

o Wisitors

i Links

you are here: home

Welcome to UMER

The University of Maryland Electron Ring (UMER) is 3 world-class research facility in bearn

http://www.umer.umd.edu/

and accelerator physics at the @institute for Research in Electronics and Applied
Fhysics, on the @ University of Maryland, College Park campus. Using a scaled

low-energy electron beam, UMER cleverly accesses the intense, high-brightness, regime of

bearn operation in accelerators, at a much lower cost than larger and more energetic
machings. UMER therefore rmakes an ideal testhed for experimenting in pushing up the
brightness of existing and future accelerators.

Funding far the project is provided by the U.S. @Department of Energy.

= login

«  February2006  »
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' ] -

5 6 7| 8 910 11|
12 13 14 15 16 17 18
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Lupcoming events

[d Christos
Papadopoulos
2006-02-10
IREAF Large R,
2006-02-10

[ Labview and Steering
Tutarial
LIMER Lah,
2008-02-24

_NEWS

[ Mew LUIMER Wehsite
Launched
2006-01-11

Mare...
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hame News members whats new?
B rome [ orews [ members | whatsr

{__navigation

<= Home
2 Mission
2 News

2 Personnel

) lechmcal Data

(" Archived Technical

Data
"3 Publications
(7 Technical Motes
o Groups
o Members
[T Visitors
" Links
(o Events

news

=y New UMER Website
Launched
2006-01-11

More...

Lofsof Techmcal Da'l'a Onlme

*Flogin

you are here: home = technical data

http://www.umer.umd.edu/

Technical Data

=~ p one level
A repository of important technical data and information about UMER.

& UMER Magnet Data

UMER Magnet Data Complete Magnet Data

& MAD description of UMER - Ring

Description of the UMER ring lattice using MAD Descrl ptlon Of Lattlce

& MAD description of UMER - Injector
Description of the UMER Injector lattice using the Methodical Accelerator Design {MAD} language. Be wary! May contain some
errors and uncertainties. Product of recon =" = ~5-=m—t —oomsmommmmis o sho ok meimnn mon o

5 8 Calbration pata Dlagnostlc Calibration Data

Beam position in the horizontal plane is de

their sum and applying the offset and resolution factors determined in calibration. Since X and Y are decr_:-upled repeatlng lhe
process with the vertical (top and bottom) signals creates an XY pair at which the beam centroid lies. The equations are: X =
(Right-Left)/(C(Right+Left))-B/C and ¥ = (Top-Bottom)/{C(Top+Bottom))-B/C Where Right, Left, Top and Bottom are the

voltages measured from the corresponding signal plate, C (slope) is the calibration number and B (X-intercept) is the offset
number.

[& Earth Magnetic Field
Earth Magnetic Field as measured by Bryan Quinn around UMER 2004-10-28

[& Chart of Earth B-Field
Chart of Earth B-Field from Bryan Quinn's measurements 2004-10-28

[3 E-RING-Apertures
Technical drawings of apertures in the UMER gun (from D. Kehne).

(7 Archived Technical Data
Technical data specifying current configuration will be found in parent folder. Data which is not up to date will be found here.
This archived data is useful. for instance, for simulating past experiments.

25
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E.g. Magnet Information

UMER Magnet Data

UMER Magnet Data

you are here: home = technical data = umer magnet data

http://www.umer.umd.edu/

Below are the primary parameters for the UMER printed-circuit magnets currently installed. All the magnets
were designed by Terry Godlove. More details on the magnet deisgn and specifications can be

found in the technical note by Godlove dated July 28, 2004, from which the following data is extracted

Any discrepancies in the numbers are due to slight corrections by Rami Kishek after verification of

the calculations using MAG-LI.

Quads

old Ring ‘@
New Ring

Ya*

QR1*

BD (Quad Term)
PD (Quad Term)

Dipoles

Bending

Short Steerer
3-3/8" Flange
4-1/2" Flange
Pulsed Dipole *
¥Q (Dip Term) *

lest
(cm)

3.63
3.72

401 (c)

5.38
4.07
2.374

et (b)

(cm)

3.797

3.063

5.183
567
518

SB los '©

(cm)

5.043
5.164
?
7.45
?

?

c
|eff: }

(cm)

SB field ‘@
tact-:lr, f

0.7206
0.7208
7
0.7224
?

?

Peak Gradient
per Amp (G/cm/A)

4.14
3.61
1.12
1.01
Xy =0.032/0.152
¥y =0.0053/0.0175

Peak Field
per Amp (G/A)

5.22
1.18
0.640
0.685
0.383
1.530

Integrated Gradient
per Amp (G/A)

Physical Physical MagLi File

Length (cm) Radius (cm) (linked)

15.022 465 279 QMAGE2 spt
13.438 465 2.05 QMAG31.spe
5 488 (€ 5.40 5.00 QMAGSE3 . spe
5.438 5.40 5.00 QMAGS3.spe
Xy = 0.145/0.559 - - DMAGO2.spc
Wy = 0.0127/0.0411 = DMAGE7 spc
Integrated Field @  Physical Physical MagLi File

per Amp (G-cm/A) Length (em) Radius (cm)

19.93 4.437 2872 DMAGOZ.spe
3.627 1.54 2.79 DTMAGOZ spc
3.917 2.37 4.726 DTMAGZ20.5pc
3.886 3.80 575 DTMAG22 spc
1.913 4.40 4.40 DMAGET .spe
7.665 - - QMAGE3.spc

26



<
SLEW I NWIY MY T
B rome | orews | members | cngoing tasks contact info whats new9
- Bramiak & my folder > myaccount S undo 2 plone setup
(3 you are here: home = technical notes » 2006 tech notes
navigation
&= Home [ contents || wview || edit || sharing |
2 Missian | addnewitem = | state: private =
o Mews

[ Personnel

T3 Technical Data

2 Publications

(3 Technical Motes
") 2006 Tech Motes
o Controls Group
Motes

T3 2005 Tech Motes
3 Umer Manual
0 pre-2005

o Groups

[ Members

T Visitors

O3 Links

3 UMER Schedule

& Umer Change

Requesis

3 UMER Change

Requesis

C3 Events

recent items
Archived Technical Data

2008-07-04

ME_Harris
2006-06-05

BPM Calibration Data
2006-01-20

UMER Magnet Data
2005-08-16

Graduate Student Seminar
- Christos
2006-02-10

2006 Tech Notes

< Up one level

http://www.umer.umd.ed

Mote by Rami Kishek about BPM data postprocessing and the BPMProc python script, along
with general guidelines for acuiring BPM data from the scope.

8 RAK Matching060515v2
A Study on Matching Using TRACE and WARP. providing the latest and most accurate
injector matching settings, and taking advantage of the Bernal effective length, the latest
WagLi data, and including bends. (revised May 5)

[3 ExtractionOptions060506
A brief review of the options available for the extraction Y section, with a sketch. Please feel
free to add comments below and to suggest alternatives.

3 UMER 060407-SBCW
SCAN OF 5-BEAMLET MASK

[ Controls Group Notes
Technical notes dedicated to beam control

3 UMER-060306-SB
Technical Note: New Hard-Edge Model for UMER Solenoid

4 UMER-080110-SBDSCT
UMER Technical Note: Edge vs. Collins Insertion Schemes

[ UMER EXPERIMENT - BASIC RECORD
Sheet for recording basic experiment settings. It was prepared by S Bernal and C_ Tobin
with input from D. Sutter, M. Walter and R. Kishek_ It is intended for creating a data base of
parameters and to guide experimentalists. We'll keep the records on an binder in the lab.

4 UMER-080220-5B-revised
UMER Technical Note (revised): "New" Approach to Effective Length and Strength of UMER
Quadrupoles

Q Another Layer of Access Techmcal Notes

= my workgroup

Got :8{6

@ Web ¢ umer

u/_&-‘e'arch |

”Su Ma

2 3
9 10
18 17
23 24
| 30 31

July 2006 =

Tu We Th Fr Sa|
B 7 8
11 12 13 14 15|
18 19 20 21 22|
25 26 27 28 29|

4| s

= log out
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) Conclusion
TRYLN

« UMER is poised to provide a wealth of multi-turn data

on beam dynamics with space charge

* Results to date point to complex, exciting science

e Open for benchmarking of space charge codes

&i;ﬂREAP
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g o DBenchmarking Challenges
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TRYLAS

 Need clear idea of physics model to be validated

e EXperiment need to be devised such that 10 keV
electron beam captures the right physics

 Need accurate interpretation of diagnostic output from
experiment

 Requires close collaboration between code group and
UMER group.

&i;ﬂREAP
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