(=) B R R 5 $BH3TEIC P

‘# National Synchrotron Radiation Research Center

—

The Design and Progress of
Taiwan Photon Source

Gwo-Huel Luo
on behalf of TPS Design Team

Department of Physics
NCTU, Hsinchu, Taiwan, March 5, 2008




Outline

Status of Taiwan Light Source

Design of TPS lattice

— Basic parameters

— Linear and non-linear effects

— SC wigglers to lattice configurations

Accelerator Engineering System
— Magnets, Insertion devices, and Spectrum
— Vacuum, front-end and utilities layout

Layout of civil construction
— Instrumentation, tunnel and exp. Hall

Radiation safety issues
Summary



Schematic and major milestones of TLS

sCommission on Apr. open to users on Oct. ‘93
»1.3t0 1.5 GeV ramping in operation in ‘96
240 mA operation beam current in ‘96
*Upgrade booster from 1.3 GeV to 1.5 GeV full

A NSNS
energy injectionin’00
. «Sc. wavelength shifter in operation in ‘02.
SRF Cavity
% SW6 *Cryogenic system and SW6 availablein ‘04

*SRF cavity in operation on Feb. ‘05.

*Top-up injection implemented on Oct. ‘ 05.
EpUY _ *|ASW installed on Feb. ' 06; two IASW in ‘08
=0 Storage Ring N w2o

(1.51 GeV)

| ASWG6-R6



Operation statistics
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Comparison of operation performance among
major SR facilities

Year Annual User Time Opertion Mode I0 Stability (%)
Machine Annual User Up-time MTBF (ATpTy=0.2%)
Time (hr) Time (hr) (%) (hr)
TLS 2002 6927 4785 (69.1%) 95.8% 154.4 Decay Mode 47%
2003 6749 5017 (74.3%) 97.2% 313.6 Decay Mode 86%
2004 6283 4235 (67.4%) 97.5% 69.4 Decay Mode 85%
2005 6659 4576 (68.7%) 96.8% 83.2 Top-up Mode(3/12)/SRF 76%
2006 7370 5552 (75.3%) 96.7% 40.8 Top-up Mode/SRF 99.0%
2007 6902 5219 (75.6%) 98.1% 85.6 Top-up Mode/SRF 98.6%
SLS 2002 N.A. 4470 94.0 30.0 Top-up Mode N.A.
2003 N.A. 5290 94.2 45.9 Top-up Mode N.A.
2004 N.A. 5120 96.3 59.5 Top-up Mode N.A.
2005 N.A. 4950 98.4 73.0 Top-up Mode N.A.
2006 N.A, 5160 95.4 60.0 Top-up Mode N.A.
2007* N.A. 5050%* 97.1% 53.0% Top-up Mode N.A.
Spring8 | 2004 5759.2 4590.9 (79.7%) | 98.1 N.A. Top-up Mode N.A.
2005 5317.1 3698.2 (69.6%) 98.3 N.A. Top-up Mode N.A.
2006 5026.2 3790.1 (75.4%) 98.7 N.A. Top-up Mode N.A.
ALS 2005 N.A. 5521 96.4 40.0 Decay Mode N.A.
2006 N.A. 6201 07.5 50.0 Decay Mode N.A.
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Facility Development

e Light Source: 1.3 2> 15GeV
 Insertion Device:. 0 - 7+2(Inst.)
e Beamline: 3 =2 27+5(C.C)

e End Station: 3 > B Taiwah Contract Beamlines
at SPring-8




Statistics of Users Experiments
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Beam timerequested vs. allocated for different beamlinesin 2007
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Progress of Taiwan Photon Source
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Basic Features of TPS

Low emittance lattice — increasing the brightness

Robust and flexible operation lattice — suitable for various
operation condition

Top-Up operation — Constant thermal loading

Sharing tunnel booster — Low emittance, easy for injection,
and reduce the complexity of civil construction

Single bunch injection — few bunches, hybrid filling pattern

SRF cavities — Reduction of HOMs, increasing photon flux
and less cavities.

Crab cavities or laser slicing — hundreds femto-seconds
short-bunch operation

Potentially operate with Free Electron Laser or Energy
Recovery Linac



TPS DBA Parameters (l)

DBA79H1 DBA79IA1 DBA79JA1
Low emittance Low-dispersion Zero-dispersion
mode mode mode

Energy (GeV) 3.0 3.0 3.0
Beam current (mA) 400 400 400
Circumference (m) 518.4 518.4 518.4
Nat. emittance e, (nm-rad) 1.6 2.5 4.9
Cell / symmetry / structure 24/ 6/ DBA 24/ 6/ DBA 12/6/DBA
Straights 12m*6+7m*18 12m*6+7m*18 12m*6+7m*18

b, /b, /h, (m)LSmiddle

10.28 /6.05/0.117

10.07/6.17 / 0.067

10.21/6.15/ 0.0

b, /b, /h, (m)SS middle

5.39/1.62/0.087

5.39/1.71/0.05

5.17/1.71/0.0

Beam size (s, /s, ) (mm) 165.10/9.85 170.32/12.50 224.22 [ 17.41
LS centre (1% coupling)

Beam Div. (s,. /s, ) (nrad) 12.49/1.63 15.85/2.02 21.96/2.83

LS centre (1% coupling)

Beam size (s, /s, ) (mm) 120.81/5.11 124.98 / 6.58 159.62/9.19
SS centre (1% coupling)

Beam Div. (s,. /s, ) (nrad) 17.26/3.14 21.65/3.85 30.85/5.36

SS centre (1% coupling)




TPS DBA Parameters (l1)

DBA79H1 DBA79IA1 DBA79JA1
Low emittance Low-dispersion Zero-dispersion
mode mode mode
Betatron tune n,/n, 26.2/13.25 26.218/13.35 26.31/13.36
Mom. comp. (a,, a,) 2.4x104, 2.5x104, 2.9x104,
2.1x103 1.7x103 8.7x10*
Nat. energy spread s 8.86x10+ 8.86x10 8.86x10

Damping time (ms) (t, /t, /t )

12.20/12.17 /1 6.08

12.20/12.17 /1 6.08

12.20/12.17 /1 6.08

Nat. chromaticity X, / x, -75 [ -27 -751-26 -751-26
RF frequency (MHz) 499.654 499.654 499.654
RF voltage (MV) 3.5 3.5 3.5
Harmonic number 864 864 864
SR loss/turn, dipole (MeV) 0.8526 0.8526 0.8526
Synchrotron tune n 6.09x103 6.27x103 6.72x103
Bunch length (mm) 2.86 2.94 3.15
Dipole length (m) 1.1 1.1 1.1
Dipole field (Tesla) 1.1908 1.1908 1.1908
Critical energy dipole (keV) 7.12 7.12 7.12
Number of D/Q/S magnets 48/240/168 48/240/168 48/240/168




TPS DBA Standard Cdl

ZO0LZE5m

TR T

Cipele Dipale

20.35 m per unit standard cell

Dipale Quadrupole sextupole

Long straight Engineering layout

standard straight

Dipole length 1.1 m (1.19 1)
Sextupole length =25 cm

Quadrupole length = 60, 30 cm Sextupole strength < 5.5 m2at 3 GeV
Quad strength <17 T/m at 3 GeV 7 sextupoles/cell
10 quadrupoles/cell 8-family sextupoles/DBA

8-family quadrupoles /DBA



Optical Functions (m)
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Phase Space Tracking
and Tune Shift with Amplitude

-- TPS low emittance mode

Hesizantsl Phase Space Tracking. Wertical Phass Space Tracking.
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y(mm)

TPS DBA
Dynamic Aperture and FMA

DBA24PT9H1 Dynamic aperture calculated by Tracy2.6
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Optieal Funetans (m)

Optical Funciors (m)

Optical Funetions (m)

L attice Functions and Dynamic Aperture
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DBA24P79H1 Dynamic aperture calculated by Tracy2.6
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COD Caorrection

+ Quad misalignment displacement without girder in x/y

- Amp. factor=54.5/40.3 in x/y rms
+  With girder in x/y o
-  Amp. factor = 30.6/8.0 in x/y rms E
g (3
+ Errors: (rms) %
g Ub
Quad displacement w.r.t. girder: 0.03 mm 3 04
Sextupole displacement w.r.t. girder: 0.03 mm L
Girder displacement: 0.1 mm L0
Bend displacement w.r.t. girder: 0.5 mm
Bend roll: 0.2 mrad 0

Girder roll: 0.1 mrad
Bend relative field error : 0.001 S(m)
BPM error: 0.1 mm

+ COD before correction:
rms COD X/Y=3.9/2.1 mm

4« COD after correction:
rms COD X/Y=0.102/0.081mm

...........................

7 BPM each cell
3 HC(+1) and 4 VC(+1) each cell for SVD
but all sextupoles are with HC and VC.

Eigenvalues in X
Eigenvalues in ™
=




Before n  (mm)

Before XCOD{mm)

COD and Dispersion Function
Before and After COD correction

(no optics correction)

40 10
E
20 £
2 0O
0
0 0
o >
0
20 g
i1
m
40 A0 -
0 0 20 40 60 80
S(m)
s 2000
E
: E;1ooo
&
9
24000
b ] ol
0 20 40 60 80 0 2 40 60 80
S(m) S(m)

Before COD Correction

XCoD{mm)

XDISP{mm)

230
200

—a
[y ]
—

100

on
[ T s |

Y COD(mm)

()

20
~ 10
E .
E b
g 0
) :
>0
. . . . 20 . . . .
20 40 60 80 0 20 40 60 80
S(m) S(m)

After COD correction




Closed Orbit Correction Statistics
(24P79H1 sextupole on)

Before Correction After Correction

X Y X Y

COD mm (r.m.s.) 3.90 2.11 0.102 0.081

Max. COD mm 23.64 9.20 0.801 0.479

Max. Cor Strength mrad 0.530 (%), 0.316 (y)

Mean Cor Strength mrad 0.079 (x), 0.030 (y)

Before Orbit Correction w/o Sextupoles Aﬂ-r Drbﬂ Correction with Sextupoles
8 T T T T T T 200 T
: = Quad. 'displacement x Yy = 0.03mMmi{r.m.s
Quad. d!splacement X,y = 0.03mm(r.m.s) Hand dmslatumanl iy ¥ = 0. G r‘m B !
Bend. displacement X,y = 0.5mm(r.m.s) 180 gltdgr duls Iat-itqmlgnlxgr = El-ll 1{]!61_1‘11 (P R
L ; ] _ =
T Girder displacement x,y = 0.1mm(r.m.s) e e e e D S T adlr i, ‘E -m.s)
Girder roll error = 0.1 mrad(r.m.s} 160 Bend. roll error = 0.2 mrad(r.m.s -

Bend. relative field error = 0.001(r.m.s}
Bend. roll error =0.2 mradfr. )

» BPMsz. displacement X,y = 0. 9mmir.m.s)

.5 C.00. in ha a super-period [um)

r.m.s C.0.D. in half a supersperiod (mmj)
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Emittance (nm-rad)

Emitlance (nm-rad)

Natural and Effective Emittance with High Field IDs

Matural and Effective emittance of
24P79J(Zero Disparzion)
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Effective emittance e, ., = \/ej 1+ %)
SW6
Current (mA) 400
?(mm) 60
Nperiod 33
By (T) 3.5
L (m) 2
Peak Power density (kW/mr?) 52.5
Total power (kW) 62.4




TPS Insertion devices - proposed

Ee (GeV)
3 EPU10 | EPU7 Sw4.8 | EPU46 | 1U2.8 SU1.5 Ccul.8
Photon energy HP | 0.014-4 0'2_575' 20-100 | 0.3-8.7 fleé 1.8-26.6 12352
(keV)
VP | 0.02-4 | 0.09-5.7 0.58-8.7
Current (A) 0.4 0.4 0.4 0.4 0.4 0.4 0.4
A (cm) 10 7 4.8 4.6 2.8 1.5 1.8
Nperiod 88 64 30 97 160 67 250
By (T) 1.14 1 4.2 0.76 0.9 1.4 1.34
Bx (T) 0.99 0.77 0.49
KYmax 10.65 6.54 18.83 3.27 2.35 1.96 2.25
KX max 9.25 5.03 2.11
L (m) 8.8 4.48 1.44 4.462 4.48 1.005 4.5
Gap (mm) 15 15 14 15 7 5.6 5
Peak Power density 3523 | 2248 | 4425 | 2589 | 5058 | 3295 | 117.66
(kW/imr<)
Total power (kW) 26.06 10.21 57.89 5.87 8.27 4.49 18.41




Brilliance (phot/s/0.1%bw/mr’/mm?)
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Storage Ring injection scheme

.>
xf

A=11.721 mm

RN
.

Septum Wall!
i5 mm i |
g

Bumped beam acceptance

—————— e —————

e

& - -A\cceptance

Beam Parameter Storage Ring Transfer Line
|
i ______________ > Emittance(3 GeV) (hm-rad) | 1.912%4*4=30.6 | 50
Beam stay clear=20.0
i _ eam say e mm Horizontal beta value 10.211 2.0613
! !4.------.____,5 at injection point (m)
Bumper height= 16.205 mm ; ; ]
Horizontal dispersion 0.0 0.0

for steering safety : at injection point (m)

Energy spread 8.8585e-4

Horizontal beam size(mm) 0.559 0.321




Kicker and Septum Magnet Parameters
for SR injection (7.5 degree case)

3.1 3.8 3.1
— —
K2 K3 K4
Stored beam t
— = —
0.6 0. 0.6 0.6
Kicker magnet
Injected beam
1.6
Septum magnet
Septum Kicker
Magnetic Length (m) 1.6 0.60
Maximum Field (T) 0.818 0.087
Deflection (mrad) 130.9 5.227
Bumper height (mm) 16.205
Magnet Current Wavefor m( half-sine) 5.184 us




Optical Functions [m)

20

TPS Booster — missing diople FODO lattice

Optical Functions
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TPS Booster 489.6M Dynamic aperture calculated by Tracy2.6
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Injection into SR -- layout for 10° BM InBTS

09 1\ 25 ‘ ¢ ‘
(| ?lr\lg A |
r‘r —

Max distance : 4.865 m

Min distance : 3.859 m




Accelerator Engineering System



Girder support and COD correction scheme

CV CH CV CH CV CH CV

L S o L3 82 RIBI 0% SO 089 (SF 0% D08 R m s 0B @
BN BPy BEM BEM BPM BPM BRI

7 BPM each cell

3 HC(+1), 4 VC(+1) each cell for SVD but all sextupoles are with HC and VC.




Design of Dipole, Quadrupole and Sextupole

| Extended type .! ‘

Cutting type

H- type DP lamination shape

Standard type ;



Avalilable length for insertion devices

« Length and numbers of straight section: 7m x 18+ 12m x 6

o« Component’s length at straight sections including vacuum
chamber, bellows, flanges, pumping, BPM (total 1.4 m), and
taper length (0.46 m) is 1.86 m.

« The length of chicane mechanism is 0.5 m.

« Useful ID length in 7 m straight section with and without
chicane is 4.64 m and 5.14 m.

o Useful ID length in 12 m straight section with and without
chicane is 9.64 m and 10.14 m.

« Maximum length of superconducting wiggler and undulator is
2m and 1 m, respectively.

« Length of EPU, IU and CU can be up to 4.5 m long. Two IDs
can be installed in the same section



SU1.5 Design & Coil winding

(1) 0.77x0.51 mm rectangular wire winding

- Super conducting wir es specification
1. Magnetic field:
BO=-1.41T @510A, Bs=3.02T

2. SC wir e spec:

|c=3.2T @511A
Cu/SC ratio : 1.35
Twist pitch (mm) . 2612

Filament size (mMm) :54
Number of filaments : 54
R.R.R. - 70

|
VRS (1
1 | i 1 ]
il |

1




Feld measurement & analysisof SU 1.5
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Layout of Vacuum system

NEG4 NEG6 NEGS8 IP5 IP6
NEG7 NEG9 NEG10

side view of vacuum system in one cell



Front-end Layout of insertion devices

1D FE ﬁ I ; .
Mavin | : All metal valve
gl Fixed mask ' Fast valve

Crotch heanl stop Baryllium

window
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Crotch absorber ID fixed mask

SW4.8 fixed mask 27w/mm2 (5 deg. incident angle)



Layout of Cryogenics Platform and Service Zone

Cryogenics Platform

& Service Zone




Pulse Magnets

o Kicker Magnet Prototype
» Kicker Magnet EMI reduction

e Design of Septum Magnet



B(t)/BO

O O O O O O O O O O

0.

Kicker Magnet Prototype

E+001.

E-O0&.

E-06. E-064. E-06. E-06. E- 067 .
Ti me(sec)

TPS Kicker Magnet Specification

E-068. E- (

Magnet Aperture 110 x 35 mm
Effective Length 600 mm
Ferrite Core CMD5005
Turns per Caoil 1
Max. Field 662 Gauss
Peak Current 2200 A
Current Waveform 5184y s
Pulse Repetition Rate 2 Hz
Coil Inductance 26y H
Deflection Angle 5.64 mrad
Amplitude Stabilities 0.1 %




Kicker Magnet EMI| Reduction (1)

o Kicker Magnet Shielding: Copper/ mmetal
o Cable Shielding (Pulsed current)




Kicker Magnet EMI| Reduction (2)

e Add the spray ground routs
« Specialized Ground bus for each kicker
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Design of Septum Magnet

Deflection angle(degree) 5 Deflection angle(degree) 5
Field Strength (T) @3GeV 0.97 Field Strength (T) @3GeV 0.97
Magnetic length (m) 0.9 Magnetic length (m) 0.9
Magnet Aperture (mm2) 15V X 45H Magnet Aperture (mm2) 15V x 20H
Pulse length (u s) DC Pulse length (u s) 300
Coil Turns 24 Colil turns 1
Current (A) 450 Current (A) 11000

15V x 20H

SUS Chamber



Prototype of a 0.4 mm thick stainless steel
chamber for the injection Septum magnet

Manufacture of a 0.4 mm thick stainless 1150 mm

steel prototype chamber for the injection
septum, 16 mm in width, 11 mm in height.
After folding and p-T1G welding to the
straight chamber, then bend to a curvature
radius of 5.156 m and length of ~ 1.15 m.

A 304
= 2 . I
— T~ /| Thickness: 0.#mm
4 f:-';.-".
e "'N/

R =5156.6 mm

16 mm
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T 14 e —— | .
]
a b [ d e f a h i K/ 11 mm
.I
{E"::} a b c d e f g h i j K Thickness e
=0.4 mm
Height | 1008 | 1L00 | 1000 | 10.98 | 1000 | 1000 | 1000 | 1000 | 1098 | 1098 | 10.92
Width | 1602 | 1602 | 1596 | 1598 | 159 | 1594 | 1598 | 1597 | 1598 | 1596 | 16.02




Layout of Civil Construction















Schematic of Energy Recovery Linac




Radiation Safety



Dose assessment of storage ring

e Assumptions:
— Simple geometries
— Simple beam loss scenarios

Case 1: point loss  Case 2: uniform loss
(localized beam loss) (uniformly distributed beam loss)
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Dose assessment of storage ring

Neutron and Photon Spectra Outside the Shielding of Storage Ring at TPS
FLUEA input: TPS_Ring_Shielding_UniformLoss_b.inp

* Prompt radiation fields M= "
(gamma-ray, neutron ;... =
and muon)
— Energy spectrum - |one
— Spatial distribution - |
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Dose assessment of storage ring

 Radiation doses outside the 1-m lateral shielding wall

— Total dose contribution:

* photon ~ neutron (~50%),

* high-energy neutron dominates neutron contribution,

* muon negligible (~1%)
— Full beam loss event: (400 mA)

~ 12 and 0.2 nbv per event, respectively for point & uniform losses.
— Normal beam injection: (5 W inj. power, 80% inj. eff.)

~ 21 and 0.3 nbv/h, respectively for point & uniform losses.
— Normal beam storage: (400 mA, 15-h lifetime)

~ 0.8 and 0.01 nBv/h, respectively for point & uniform losses.
— Abnormal cases:

* Not defined yet!

* Injection section: lateral wall 100cm - 120cm
— To better approximate the validity of uniform-loss assumption

1 mSv/y design limit ~ reasonably achievable



Dose assessment of BL frontend

Generic shielding approach, based on

— Site-specific generated source terms and attenuation
lengths for various angles and for different materials

— Ray-tracing from possible beam loss points
— Source term, attenuation and inverse square law
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Summary

A designed DBA lattices was presented to the
Machine Advisory Committee.

The design and optimization of accelerator
components are on going.

A general layout of new campus is proposed by
J.J. Pan Architect Co.

The shielding design and interlock system of
radiation issues are in progress.

The detalil design report of TPS Is expected to
be completed before the end of June, 2008.
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