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Scope of Project (Excerpt from CDR)

The project includes

DESY

Upgrade of the storage ring PETRA Il into a storage ring
with ultra-low emittance,

Upgrade and refurbishment of the pre-accelerators,

Relocation, refurbishment/upgrade and in part new
construction of photon beamlines,

Construction of a new experimental building in the west
of the PETRA ring.
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PETRAIIl and IV

@ Paul P. Ewald Hall
il
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PETRA IV — MBA Based Storage Ring

source size
& divergence:
155 pym x 6 ym
.7 x 3.8 prad?

source size
& divergence:
11 pm x 3.2 pym
.7 x 1.5 prad?

extended & divergent
X-ray beam transformatlve technology|

(Hybrid) Multl-Bend-Achromat
MAX IV, SIRIUS, ESRF-EBS, APS-U, SPring8-l, ...

small & collimated
X-ray beam

emittance reduced "
by upto factor .

100

PETRAIII

= PETRA IV

3 generation SRsource | Lol A 4th generation SR source
1200 pm rad efficient 10 - 30 pm rad

Max. brightness: ~1021 nanometer Max. brightness: ~10%

Coherence: ~0.1-1% focusing Coherence: > 25%
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PETRA IV - Diffraction Limited Source
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PETRA IV — High Brilliance Light Source

DESY
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Science Case
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PETRA IV Conceptual Design

N Paul P. Ewald Hall

— = Storage Ring:

=108 m Baseline: H7BA style lattice (64 cells)
Long taigt NE (ESRF-EBS style lattice)

: N on axis injection,

vonLae Option (considered during TDR)

Hall  maintain several beamlines

(23 m long cell with strong magnets)

new
Hall

section

Octant

Injector:

new booster synchrotron, DESY IV
low emittance ~ 20 nm rad

refurbished Linac Il

with full intensity gun

Option

consider the possibility to include in

adavonath the future an injector based on

PETRA IV

new
Hall

A
i
1
1
1
. . ‘\
Injection
1)
channel )

Hall laser plasma wakefield acceleration
SE
RF Section Injection Technical sub-sytems:
Magnets, bore radius 13 mm
o m mm o S Option: 9 ... 10 mm

Vacuum system, 10 mm inner radius
Option: 7 mm
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PETRA IV Storage Ring
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PETRA IV — baseline lattice design

Hybrid 7BA cell No reverse bend
64 cells in 8 arcs Injection with moderate beta (~21m)

26 x 5-m long IDs 4 x 10-m long “super-IDs” with 4m beta
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DESY

Baseline lattice parameter summary

Parameter Value (IDs open) Value (all IDs closed)’
Energy £ 6 GeV 6 GeV
Circumference C' 2304 m 2304 m
v Natural emittance ¢ 17.4 pmrad 7.6 pmrad
Tunes Q., Q 164.18, 68.27 164.18, 68.27
¥ Momentum compaction factor o,  1.485 x 102 1.485 x 102
Natural chromaticities .0, &40 —229.9, —185.1 —229.9, —185.1
Chromaticities &, &, +5, +5 +5, +5
Damping partition number .J,. 1.536 1.175
Damping times 7, 7, 75 45.6ms, 70.0ms, 47.8ms 19.5ms, 22.9ms, 12.6 ms
Energy spread o, 0.678 x 103 0.903 x 103
% Bunch length o 1.24mm 1.52 mm
Bunch length o 4.14 ps 5.07 ps
Energy loss per turn U 1.317 MeV 4.024 MeV
RF voltage Vrr 6 MV 8 MV
% Bucket half height Ap/p 8.7 % 71%
Y Synchrotron frequency f 387 Hz 421 Hz
Hor. beta function 3, at ID 6.86 m 6.86 m
Ver. beta function 3, at ID 2.36m 2.36m
Hor. dispersion function D, atID Om Om
Space L for ID 5m 5m

' For the insertion devices a 5m long U32 undulator with a peak field of 0.91 T was assumed.
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CDR baseline DA sufficient,
more optimization work foreseen

Acceptance from 6D tracking without errors > 1mm mrad in x and y

Nonlinear dynamics optimization based on the achromat concept with
additional resonance compensation in the long straights and scans of
sextuple and octuple strength, tunes and cell phase advances

More systematic optimization (e.g. MOGA) studies foreseen

ndte it ?

0.1

4D tracking, tracking location with Bx=21.7m, By=3.7m
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PETRA IV Intensity Limit
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Requirement

« Store 200 mA in 1600 bunches for brightness mode
« Store 80 mA in 80 bunches for timing mode

200 mA for brightenss mode (0.125 mA per bunch)

* lon instability is not critical because its risk in PETRA IV will be smaller than PETRAIII.

«  Will use HOM-damped EU cavities to suppress the coupled bunch instability whose
impedances are below stability threshold.

« Transvers instbaility caused by resistive wall impedance is slower than the feedback
system (impedance growth 4500 s-' vs. feedback damping 10,000 s).

* It seems possible.

80 mA for timing mode (1 mA per bunch)

« Peak current is as high as 800 A (o, = 4 ps) = we will use Landau cavity to reduce the
peak current.

« Transverse impedance will be greater than 1 MQY/m =>» we will operate the ring at high
chromaticity to reduce the effective impeance Z(w-w;).

* Need to investigate with the impedance model.
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Wakefield and Impedance

Wakepotential Impedance

W.(s) = [ Ezs)de Z(0)= [ W (syexp(- 225 %
q9, % bt c c

Figure 2,16, {s), (b}, and (c], Fiekd paterns os o beam bunch s rovering 3 coviy sruchure, s V @

(d} The energy loss of the beom con be estimoted by calculaing the field enesgy contained in ' ' '

the shaded region. The bunch length and the size of the cavly are bath faken lo be comparable — A ( ) ( — ) d ( a)) _—
sYWV_(s—s")ds Z (@)

—00

1o the pipe radivs b.

Stripline
monitor

Elemetns

B*Z(Ring)= ), B;*Z,,

where f; is the lattice function at the impedance element Z .

Bellows

Figure 2.19, An acceleralor with objects that contribute lo impedances.
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Impedance Elements — Geometric Model
(GdfidL*)

100£-02 3
Quit | Up | Zoomin | Colour PS | Grey PS | Show Lines | Q1/11/2013, 165817 ms-o:; GdfidL 3.2 The
Center | Down | Zoom out | Left | Right | Rotate | Hide Text rPMwa GdfidL V82 Tha Apr 4 2013 wbAZFa 400E-02) S
s o oot GafidL /11203, 124399 Materlg! Boungaries Moterial Boundaries
n‘:w.!ﬂwi:;ﬂ 28806-01) o e SR e,
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33 Tor sl 18 2017 wAzTe
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* Dr. W. Bruns allowed us to use GdfidL at his company'‘s cluster free of charge.
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P0-BPM (PETRA IV)
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« Al,O4 is a ceramic used as the vacuum-
separator.

« Assigned it as a no-lossy insulator with
dielectric constant of 9.1 (GdifidL).

PO-BPM ot m~m(
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Undulator Chamber: Taper and Scaling

DESY

Circular Taper Rectangular Taper
K. Yokoya (CERN SL/90-88, G. Stupakov (SLAC-PUB-7167,
1990) ) 1996)
Z, ¢l a Zw Th'(2)’
Z (k)= j=° dz Z (k)y=j— dz
t( ) ]272_ '[O|:a(Z):| y 4 __‘. h(Z)3

Attempt to correct to the next order
B. Podobedov, S. Krinsky(PRST AB 9, 054401, 2006)

Z, gtan@(I_O.IS
£

a, —a,

Zt(k):j

tan 6’), where ¢ =

2
2ma,, 1-¢ a, +a,

Scaling in longitudinal dimension
G. Stupakov , K. Bane, I. Zagorodnov (PRST AB 14, 014402, 2011)

Ux,y,z;4) = V(x,y,%j Z (k;A)= %R{%), W.(s;A)=u,(sA)
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Undulator 6-mm Gap Chamber

Transition is from Circular to Elliptic Chamber:

* Analytic formula does not exist

Transition length is fixed but aperture varies:

ID 6-mm Gap Chamber

ot [ Q.000E400, Z.850E-01)

Material Boundarles
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Longitudinal scaling law may require a careful interpretation.
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Resistive Wall Impedance
ImpedanceWake2D (IW2D)
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NEG Coated Aluminum Chamber

* NEG (Non Evaporative Getter) compound (Zr, Ti, V) with resistivity: (41.0, 55.6, 26.1) x
108 Om = Pyes = 40 x 108 QOm (theoretical value)

Recent measurement on py
* Prnec =100 x 108 Om

at 10-GHz with 6 um coating

thickness (DIAMOND)

* Pnec = Paat 10 GHz

with 1 um coating thickness

(APS)

We had used the conservative

value on
Pneg = 100 x 108 Om
with 1 um coating thickness

DESY

Frequency (Hz)
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Lattice Considered

Lattice V/
100 - - - ' 14
2 Version 7 Version
80 . 15.7
E 60 _ Injection High Beta | Low Beta
“_f 40
o Energy 6 6
20 .
0 Tune 163.14/ 164.18/
: - - - : ] 67.27 68.27
0 500 1000 1500 2000
s (m) Nat. emittance 18.7 17.4
[pm rad]
Lattice V15.7 Energy spread 0.67 0.68
[10-9]
. Energy loss/turn [MeV] 1.33 1.32
E
f Momentum compaction 0.0160 0.0148
= [10]
V¢ [MV] 6.0 6.0

0 500 1000 1500 2000

s (m)
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PETRA IV Impedance (Longitudinal, Transverse)
| Elomont | Number | b | b | Remaks

Ring Common

| BPM___ EEEELCN 6.0 8.8 40—
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4 7.9 7.8 Fast Current S ol
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Landau Cavity (harmonic number = 3)

4000000 1 _—Vi 20 ————r—r—r—r—r—r—r—r
— 3 |
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! ] *
0 15 Tracking w/o Impedance
3 . ’
~2000000 i Tracking w/ Impedance .
— I * .
—4000000 4 E [
g :
300 bN [
4
250 1 5 [
200 1
1504
100

304

RF3.VOLT (MV)

0.04
0.02 4
Po0 Beam Moments Computation by elegant
0027 1. K. Ohmi, K. Hirata, K. Oide, From the beam-envelope matrix to
—0.04 synchrotron-radiation integrals, Phys. Rev. E 49, 751, January 1994
. . ; 1 — . 2. M. Borland, Implementation and Performance of Beam Moments
000 o : : : : : 2.00 Computations in elegant, OAG-TN-2008-002, Advanced Photon

Phase (m) s
ource.
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Impedance Effect on Phase Space (t-p)

Current=1 mA

— 1180404
“u Zz =0.0 Ohm
E 1A7EAD]
E™ V1= 8.0 MV
o V3=0.0 MV
7.8a51 5 o9 7.8352104 o 783525 o4 I: ?jEEElEl]”I o4 7.8a535 o 7.8a5404 o
t (=
~ 14804 04
“u Zz = 0.0 Ohm
E 1. 47EA 0+
™ V1=8.0MV
o V3 =23 MV
7.Ba51 5 o9 7.B3520 o 7.BAL25A o4 ; { ?53'&530”| o 7.BALRZ5A o 7.Ba540+ o9
o Zz Included
Em razsoe| V1=8.0 MV
e 170404 V3 - 2.3 MV
o

F.B351 54 0 F.B35204 o4 7.B3525:4 04 T-B3530A 09 73535 09 735404 o2
ti=)

Zz: Impedance, V1: RF voltage, V3: Harmonic voltage
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Longitudinal Impedance and IBS Effect

« Because of the small momentum compaction factor a = 1.45 x 10-°, the microwave
instability starts very early 1,,=0.3 mA. Howver, this is still below the brightness mode
current (0.125 mA/bunch) and, for the timinng mode experiment (1.0 mA/bunch), the
energy spread is not as critical as for the brightness mode.

* Intra-beam scattering is due to multiple Coulomb scattering, which changes the
beam dimensions.

2.2 o S I N S B S B B B B
| F 20[ ]
0] 29 % [ _
18] 18 ':ﬁ>15'_ ;
218[E | 3
= [S186] ~. 1oL ]
"1.410 & : _
1.2] 14 sF :
1.0l 19 o
0.0 05 1.0 1.5 2.0

0.0" 0.5 1.0 1.5 2.0

Current (mA) Current (mA)
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Beam Lifetime

The radiation safety sets the requirement of 0.5 hour lifetime for 100-mA stored beam.
In PETRA IV storage ring the beam lifetime is dominated by Touschek-effect.

Even if we provide >7% rf acceptance, the local momentum acceptance (LMA) determines
the upper limit due to strong nonlinearity.

We have a sufficient LMA for the timing mode (1.2 hour for 1 mA per bunch).
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0.01]

o

o avme
T rrrrr

0.00[ Brightness

0.01[
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Bunch Parameters of PETRA IV (CDR Version)

e e
Mode

0.01 0.125 1.0
g (pm) 7.37 11.60 19.21

- g (pm) 1.46 2.32 3.84

. o,(mm) 11.7 13.7 19.3

39.1 45.7 64.3

0.914 0.963 1.562

49.4 4.7 1.2

* Final beam parameters including the effects of IBS, higher-harmonic RF
system, and impedance.

DESY. DESY-TEMF Meeting | Yong-Chul Chae | November 28, 2019 Page 28



Single Bunch Current Limit

In PETRA IV the full intensity of charge per bunch is injected on-axis.

It is well knwon that increasing the head-tail phase y=4w.c_ will reduce the growth rate as
~1/(1+m), where m is the azimuthal mode close to y/2x. It also reduce the effective

imepdance.

We can store up to 4 mA per bunch based on the impedance model. However, the radiation
safety sets the limit to be 2 mA (storage ring limit).

E :-W‘- 1
- 1 | AT T TR uﬂi; 4.5 P
~ _ 4.0| |
» [ L1 T T L EE :5.()_
R | ] — 25| N
£ IV 1 3 § 20|
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E o — "
PO {4 05" * * e o .
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E g S Chromaticity
> 1 S -y T I
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Impedance Model Error Tolerance ( )

» The required single bunch current for the timing mode is at G
least 1 mA per bunch.
» With bunch-lengthening and high chromaticity we found the 51
timing mode is possible.
* We set the intensity to deliver in the ideal condition is 2 mA 4|
per bunch. This sets the impedance budget to be 40% <
higher than the current model. This allows us to: E 3
s reduce the aperture of round chamber down :
to 17 mm from 20 mm, 21
s increase the undulator chambers impedance
by 30%, and 11

101.2 1.4 1.6 1.8 2.0
/1 (normalized)

Impedance | Normalized Risk Increase Budget
(MQ/m) (%) Analysis (%) (MQ/m)

e 0.286 20.6 Seller 0.47
(Ring) aperture
RW Small
o) 0.701 50.3 mf\lgégap 30 0.91
surface
impedance
Geometric 0.404 291 Unknown 0.56
elements
e 1.390 100 40 1.94
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Collective Effects in Progress

We can deliver the beam with the required property;
however, we still need to investigate:

« Steady state beam profiles with transient beam loading effect of an arbitrary
fill pattern in collabortion with MAX [V.

« Booster ramping simulation to establish the impedance budget.

 Injection simulation of stroage ring with nonlinear magnet effects to determine
the injection efficiency.

« Coupled bunch instability analysis in the combined rf systems including
Landau cavities and the active feedback system.

* Quantitative evaluation of ion trap and instabilities of an arbitrary fill pattern in

the storage ring in collaboration with Argonne.

« Develop the surface impedance model of rough surface
* NEG coated chamber,
* Microwave range (10~100 GHz) bridging the gap between the low
(K.Bane) and high (A.Novokhatski) frequency model of 1 um protrusion.
Develop the short bunch wake potentials of PETRA IV (TDR)
* o,=1ps (c,=0.3 mm).

DESY DESY-TEMF Meeting | Yong-Chul Chae | November 28, 2019 Page 31



PETRA IV Project Office
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Project structure established

Project office Dr. Stephan Kiumpp
established 3

‘-‘ -—\'-‘ .
gject office
. WP 2.01 | WP 2.10: | WP3D01: -
— g‘;&gm Accelerator physics Magnet Power Supplies Experiments mﬁ.%‘s .
I
WP 2.02: 1 WP211: | WP 3.02: WP 3.01.01:
WP 1.02: Radiation Safety Magnet Water Cooling Optics Beamline P01 WP 4.02
[ Industrial Case Y b
WP 2.03: | wp212 | ﬂ"g;r[imm
Interiock Systems Accelerator Utilities
| WP 1.03: mechanics WP 4.03:
Pur . WP 2.13 : Comm (;aali‘.d Systems a
. 113: . . unication
e ;gg' 1 Feedbacks and - D
Timing Systems
. WP 4.04:
L wWP104: ) o ’ |
LRI WP 205 | njedion & - W30S Mains and Utilities
rders Extraction Systems WP 3.01.27:
— Beamline P65
_ .06 WP 4.03:
WP 2.06: WP 2.15: | Data Ma ont & | .
Alignment T Controls Na‘awsisnagem Storage & Logistics
WP 2.07: WP 2.16:
Vacuum systems T Linac Il and
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PETRA IV — Timeline (Old Reference)

Helmholtz association:
FIS = ForschungslInfraStruktur

FiIS-process pre-proposal submitted Large-scale research infrastructure

Presently: CDR preparation phase

01'2025; Start construction work
012022: Kickoff — End PETRA Il operation

end of 2020: submission of
roadmap proposal PEI.H’?‘ v 01'2027: Start up
project >  PETRAN
LEAPS, PETRA IV PETRA IV
HGF-FIS project phase operation

Helmholtz Roadmap for /
Large-Scale Infrastructures

PETRA IV 12°2021: TDR
TDR Phase

CDR Phase

2016 2017 2018
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XFEL, FLASH and PETRA IV will be major
research facilities of the Science City Bahrenfeld

KS

V8 SCIENCE CIT

BAHRENFELD

Wissenschaft lebt im Stadtteil

Hamburg

2019/01/22
The Hamburg Senate, the Altona district, DESY and
the University of Hamburg presented the plans for a
science district in western Hamburg at a press

conference.
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We hope a bright source and
a bright future in Hamburg.

Thank you very much for your
time and attention!
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