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Parameters

Low Emittance Mode

HZB Helmholtz

Zentrum Berlin

Short Pulse Mode

Pre Injector (MeV) 230 230
Main Linacs (MeV) 960 960
Final Energy (GeV) 6 6
Charge (pC) 15 / 5 \
Bunch length (fs) 2000 \, 10 /

Emittance (mm mrad)

Av. Brightness <B>

Peak Brightness B,

Sustain 0.1 mm mrad
over 4 km of machine !!!

T. Atkinson

5 pC, 10 fs bunch @ 6 GeV
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If produced, can this bunch
be recovered ?



MULTI-TURN ERL Light Source HZB
Helmholtz
Zentrum Berlin

,Long" undulator

960 MeV Linac

._/;30 Me\l\

Linac
Beam dump 10 MeV injector

960 MeV Linac
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Scalable Energy HZB
Helmholtz
_ Zentrum Berlin

If due to unforseen circumstances
or maybe possible upgrades the energy changes ...

A re-design of the spreader is not neccessary
simply adjust the cavity field gradient.

E, =(L+2kN)E, +E,.)

Taking E; =10 MeV, E . = 230 MeV, for N = 3 turns per linac
Up to a final Energy Ef = 6 GeV is reached then for say k =4
the main linac energy is 960 MeV.
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Pre - Injector HZB
Helmholtz
Zentrum Berlin

Possible scenario ... Merger/Spreader
share pre-injection
Bending magnet

e
230 MeV \

Rotator for Laser Heater to avoid
BBU Microbunching Instability
suppression? 2
d K
A=—0+—)
2y° 2
Bx — By 4
By — Bx k=2.5, d=9 cm, A, ~ 0.8 pm — y=480
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Low Emittance Mode (LEM) Optic HZB
Helmholtz
_ Zentrum Berlin

On-crest acceleration/deceleration in all linacs

Isochronous Optic

T. Atkinson

Pre-injector 2*TBA (p, ~ © bend)
Arc1 TBA

Arc2 TBA

2 - 6 GeV DBA with anti-magnet
6 — 2 GeV DBA with anti-magnet
Arc2 TBA

Arc1 TBA

Pre-injector 2*TBA (M, ~ © bend)

Goal: transversal normalised emittance 0.1 mm mrad !!
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Short Pulse Mode (SPM) Optic HZB
Helmholtz
Zentrum Berlin

Off-crest phase in main linacs
¢,=100° ¢,=70°

Telescopic Compression

Pre-injector BERLinPro*
Arc1 TBAR;=0.2m
Arc2 TBAR;=0.05m docel = ascel + 180°

High Energy Arcs

2 — 6 GeV DBA with anti-magnet
6 —> 2 GeV DBA with anti-magnet

Telescopic Decompression change the signs of Ry,
Arc2_d TBAR,=-0.05m on recovery
Arc1_d TBAR,=-0.2m
Pre-injector BERLinPro*

Goal: short bunch length
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Emittance preservation HZB
Helmholtz
| Zentrum Berlin

1D CSR regime without sheilding, .5 Rs << o,

For a system of N identical isochronous bends the CSR shift

If u, = 27 - k/N where k is an integer, the impact of CSR on the
transversal emittance becomes zero ...

iz mmnil
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30° bend DBA with anti magnet HZB
Helmholtz
Zentrum Berlin
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Matching quads for Arc

/ undulators

'

Low dispersive optic

s (m)

M, =27 - Y
Phase advance per cell

T. Atkinson
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Energy Spread [rel ]

30° Bend Simulations HZB Helmholtz

Zentrum Berlin
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Supression of Chromatic Aberrations H ZB
Helmholtz
. Zentrum Berlin

Chromatic aberrations in the horizontal plane

X, = T15100%0 + T15,00X o F---

Using the linear terms one can approximate the emittance change as

512 <X12><X'12> - <X1X'1>2

& ~ (T161T262 _T162T261)2 (<502X§><502X|§> B <50X0X'0>2)

¢

By setting T,s,"Toe, = T1o," T the  |€,] — 0
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Sextupole on/off HZB Helmholtz

Zentrum Berlin

Normalised horizontal emittance plot
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2 sextupole families per cell w/o radiation effects

T. Atkinson ERL’13 WORKSHOP, NOVOSIBIRSK 12



Elegant Optimiser HZB
Helmholtz
) Zentrum Berlin

Ti61" Togz = T1e2 T261= 0 Chromaticity ¢ = A &/ (Ap/p)
T363" Taga = Taea T4e3= 0 ( dnux/dp , dnuy/dp ) — 0
1.04e-7 | M | I M
E
m: 102 07 N L—l_‘_.
S el P Bl o U Daeptes
1.00e-7
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Longitudinal Emittance Recovery HZB Helmholt
elimnoitz
. Zentrum Berlin

Eq = (T566 Res — Tess )2 < (CAto)4 >< (CAto)2 >

nl

- 1fs

'C] 1000 2000 3000 4000 5000 €000 7000

s (m) <10 fs bunch length
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At the Long Undulator HZB Helmholt
elmnoiltz

— Zentrum Berlin

TEeTE 2 GeV
E 1.6=1 07
-:..,_'j; 1.4=1 07 \
129107 1 A(Ygisr) ~ 4x10-8 ES |5
= 0.05 mm mrad
5CI'D 1 DIDU 1 5IDC| EDIDG 25IC":| BDIC‘G S50
s (M)
Type ENx ENy Bunch AE/E Charge
(mm mrad) | (mm mrad) | Length (fs) (104) (pPC)
Input 0.10 0.10 2000 0.10 -
SPM 0.22 0.11 (6 ) 10.2 1
SPM 0.21 0.10 20 7.01 5
LEM (0417) 0.10 2000 1.96 15
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ASTRA Input ‘

Gaussian like profile

HZB Helmholtz

Zentrum Berlin

Low longitudinal emittance

1600¢ \

o
% 200 % 1000
S 150 g oo
100 °
g S01 E 200
- Of ¢ o B 190.754 T9.‘55 19156 T9.|57
x (m) P
Pos €y gy g, bunch | Energy | Energy
(mm (mm (keV length | Spread | (MeV)
mrad) | mrad) mm) (mm) (104)
Gun 0.15 0.15 0.40 0.65 210 2.80
Booster 0.16 0.16 1.20 0.67 3.10 10.0
Merger (C0.28 | 018 )| 117 | 070 | 379 | 10.0

T. Atkinson
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Phase Space plots SPM HZB Helmholtz

Zentrum Berlin

Telescopic R56 symmetric bunch (de)compression

2nd order theory

—4x1Q12 27172 J 20717 46012 —4x1Q12 27172 J 20717 46012

240 MeV 1GeV 2GeV — 1GeV 240 MeV

acceleration — deceleration
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T. Atkinson

Low Emittance Mode
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HZB Helmholtz

Zentrum Berlin

emit_x

emit_y
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Energy Loss Considerations H ZB
Helmholtz
Zentrum Berlin

Rectangular Bunch CSR ModellSaldin etal]
total energy loss of the bunch per turn

32/3q2 334 V3 |7/3
AE cgq z_(I4/3R2/3j(R'9{1"' 9 Rf/slg In b? -4
b

For LEM 15 pC, Ecsr ~ 0.3 MeV
SPM 1 pC, Ecsg ~ 3.3 MeV
SPM 5 pC, Ecsr ~ 16 MeV

Plus ISR component E,sg ~ 0.088*E4[GeV]/R[m] = 15 MeV

LEM 15 MeV , 300 kW SPM 30 MeV, 200 kW
,Booster Modules* may suffice?
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Start-to-End Results HZB Helmholtz

Zentrum Berlin

A J - <

A T~ R, =-0.2m
2.0 07| e I ]
s (m)
Type ENx ENy Bunch AE/E Charge
(mm (mm Length (%) (pPC)
mrad) mrad) (ps)
SPM 0.48 0.20 2.24 3.76 1
LEM 0.36 0.18 4.02 7.60 15

can a bunch with energy spread > 5% (rms) be ,safely‘ transported to a dump?
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Zentrum Berlin

Cathode to pre-injector
Optimise the ASTRA input beam

Design ,,New" pre-injector Arc, suitable for both Modes
Implement the Spreaders and Recombiners
Undulator Simulations using WAVE

Implement the Beam Dump
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Zentrum Berlin

Thanks for listening ....

and thanks again to A. Bondarenko
A. Matveenko
Y. Petenev



Linac’12 paper HZB
Helmholtz
Zentrum Berlin

Concentrated on two stage telescopic bunch compression
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Linac1 phi=+8° ARC1 R56 =20 cm Linac2 phi=-20° ARC2 R56 =5 cm

Start to ,,middle” beam simulations - Generates bunch length of 20 fs
with energy spread 1e-4 rms at the Undulator entrance
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