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Topics Discussed

Parameter choices

Lattice types

SPEARS3 accelerator physics studies
Magnets and girders

Vacuum system

Power supplies

RF systems

Instrumentation and controls

Photon beam line components

Insertion devices




Topics Not Discussed

Injector design

Kicker magnets and pulsers

Synchrotron light monitors

Photon BPMs and misc. other diagnostics
Transverse/Longitudinal Feedback Systems
Machine Protection Systems

Personnel Protection Systems

Beam Containment Systems

Radiation shielding

Tunnel and experimental floor engineering

Utilities (gasses, water, electricity)




Basic Storage Ring Parameters

* Energy
« critical photon energy ~ E2 photon flux density ~ E2
« photon power density ~ E# RF voltage ~ E%/p
* ring circumference ~ E cost
« Current
« Beam power ~ | (absorber and optics design, RF power)
« Brightness and flux ~ |
 Beam dimensions (size, divergence, bunch length) - emittance




Basic Storage Ring Parameters

Energy
« critical photon energy ~ E2 photon flux density ~ E2
« photon power density ~ E# RF voltage ~ E%/p
* ring circumference ~ E cost
Current
« Beam power ~ | (absorber and optics design, RF power)
« Brightness and flux ~ |
Beam dimensions (size, divergence, bunch length) - emittance
Site dimensions (available space, cost)
Number of bend magnet vs. insertion device beam lines
Number and length of straight sections (for IDs, injection, RF)
Injector type (linac, booster, top-up capability, cost)
Other requirements and constraints
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Making Design Choices

m Management assures options fully considered and optimal choices
are made

NOT EASY!

m Criteria for making design choices:
* performance - technical risk
* reliability/maintainability - cost and schedule
« personalities, group relationships - efc.

m Methods for making design choices:

 clear specification of performance requirements

« written by accelerator physicists, beam line users, expert engineers, etc.
» convene workshop as needed (e.g. 3 vs. 3.5 GeV decision for SPEAR 3)

« discussion of options
« solutions need to be compatible, not interfere with other systems

* internal and external design reviews
« parallel/competitive design of critical systems - best solution adopted
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Energy vs. Current

Radiated photon power and power density ~ E41/p

For a ring having fixed circumference (p) and photon absorbers
operating near maximum rating, or for fixed available RF power:

E41/p = constant

SPEAR3: 3 GeV @ 500 mA vs. 3.5 GeV @ 280 mA
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Electron Beam Dimensions

e- beam size:

0, (s) =&, (5) + (1(s)oy, /E. J o, (s) = e, B, (5)

e- divergence:

0. (s) = e . )+ ()0, /BT 0,(5) = Je,7, ()

Dimensions depend on ¢, Twiss parameters (3, n, etc), coupling «

(need good coupling correction)

F—



Photon Spectral Brightness

Spectral brightness: photon density in 6D phase space

Nph (7\')

B...(\)x

o) e @e, (e, @, () ZBW)

g,y = electron emittance e, = photon emittance = AM4xn

Nph()\‘)
(e, @& (1))(e, D (A))(o X0BW)

Bpk (}\') x

o, = bunch length




Photon Spectral Brightness

Spectral brightness: photon density in 6D phase space

Nph (7\')
(e, @ (M))(e, De (A))(sx7BW)

Bavg (}‘) x

g,y = electron emittance e, = photon emittance = AM4xn

Nph()\‘)

Bpk (}\') x
(e, @& (1))(e, D (A))(o X0BW)

o, = bunch length
Coherent fraction:

f 0= AN An y AN Az
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Storage Ring Emittance

Emittance ¢, results from the balance between radiation excitation S,
and damping t,:

Sx = erx
S, zESfB3(S)H (s)ds

i~JXE?’fBZ(S)a’S

T

X
2

B.(s, (s)—M (s)):
H(s)=n.(s)+ 5 (s)

E = electron energy B = vertical magnetic field strength
B,, m, = Twiss parameters; B,'= dp,/ds, n,'= dn,/ds

J, = horizontal damping partition number (~ 1) ’7




Minimizing Emittance

6 = dipole bend angle
F .« depends on lattice type and is minimum for Theoretical Minimum Lattice (TME)

1
12415

Eatt (TME) =
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Minimizing Emittance
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Minimizing Emittance

C E’
8xO= j]] 63Eatt

X

0 = dipole bend angle
F . depends on lattice type and is minimum for Theoretical Minimum Lattice (TME)

1
F (TME)=—F
. 12415
TME cell
L e Double bend cell with minimum F ., (~3 x TME)
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Optimizing Beta Functions for IDs

Electron-photon phase space matching:

= X
, Oph-1p \/kph—ID 2Ly O, +EP L
- X p = = p = e B = —
Oh-1p 43'5\/7‘1311-11) /2Ly, © e/p 21
: low electron emittance, low electron emittance,
high electron emittance mismalched malched
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Ol 4u\/xph_ID/2LID o e/P

e—

low electron emittance, |ow electron emittance,
high electron emittance mismalched malched

Phase space matching normally reduces to minimizing 3, in ID straights
for minimum beam size.
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Phase space matching normally reduces to minimizing 3, in ID straights
for minimum beam size.

But 3, in injection straight must be large to maximize injection
acceptance.




Optimizing Beta Functions for IDs

Electron-photon phase space matching:

- . . ‘ s . Oph—ID _ \/)Mph_lszID =Oe_ _ \/% =>B=i
Ol 431:\/7»ph_ID/2LID o Je/P 21

e—

low electron emittance, low electron emittance,
high electron emittance mismalched malched

Phase space matching normally reduces to minimizing 3, in ID straights
for minimum beam size.

But 3, in injection straight must be large to maximize injection
acceptance. v By

Y Lp=6m
Can reach minimum ID gap when vertical

beam size at ID entrance/exit is minimized: \\_///

L, T : g
By(S=O)=7 L2 e sy = B”+l3_0
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Light Source Parameters

Energy  Circumf Lattice # straight  Emittance  Current

Tl e (m) sections  (nm-rad)  (mA)

. 16 24.6 w/o

16
ALBA 3 268.8 DBA 2 6/4.2/8 m 4.3 400 b
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Light Source Parameters — cont.

Energy  Circumf Lattice # straight  Emittance  Current
(GeV) (m) sections (nm-rad) (mA)

: Mod Chas 24

Facility

24

) 32+ _ -
PEP-X | 45 2200 TMEIDBA | , 20 0.03 200 _

) e I\ ['" 2/
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Booster-Ring Configurations




Booster-Ring Configurations

800 MeV

Hooster

Storage Ring SESAMIE
Encrgy p R GeV
Carcumaference 1248 m
Enuttance 246 npmrnad
No. of Straighas: 16

Faypuse 3 Layout of the 2.5 GeV sotage raag of SESAME

ring energy-ramp

AR
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Booster-Ring Configurations

LINAC and Booster designed for
SwLEIL top-up operation

800 MeV 2.75 GeV BOOSTER

Heoster 2 super penods 3 Mz rep Rae

Circamference: 157 :
Output charge :
$ 0C in 300 ns
n multibunch mods

SO0 mA ws SR

36 Dipoles

.17 m

Storage Ring SESAME # 44 Qpoles
Energy o3 GeV 103Tm«-04m
Carcumference 1248 m
Enwuttance: 246 npmrad Emittance
No. of Straighas: 16 3 110-150 nass vad

Power sapplies
eveling at X Hz

at-energy
booster

Laurent S. Nadolski SSRL seminar, April 30" 2007 s

Fapuse 3. Layout of the 2.5 GeV siotage reag of SESAME

ring energy-ramp




Booster-Ring Configurations

- LINAC and Booster designed for
SwLEIL top-up operation

800 MeV

2.75 GeV BOOSTER LINAC B
100 Me

S Hzrep Rae

2 super penods
Circamference: 157

Hooster

Output charge :
$ 0C in 300 ns

w multibunch mods

36 l)ipnlr\
67T/ 2.17m
0 mA us SR

Storage Ring SESAME 4 Q[-lolcs

Energy .5 GeV 3 Tm+04m _
(uu‘z’nf«cuu 1248 m at energy
Emittance: 246 nemrad Emittance booster

110150 pass rad

No. of Straighas: 16

Power smpplies
eveling at X Hz

Fapuse 3 Layout of the 2.5 GeV siorage eaag of !

ring energy-ramp
Storage Ring
Injection

\ Booster at-energy booster in
Injection ring tunnel




At-Energy Linac Injector




Storage Ring Lattice Types

Double-Bend Achromat
(DBA)

Optical Functions (m)




Storage Ring Lattice Types

Double-Bend Achromat

Optical Functions (m)

SPEAR 3 Gradient Dipole DBA Cell
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Lattice Types — cont.

DBA
alternating optics
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Lattice Types — cont.
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Lattice Types — cont.

ALS TBA (1.9 GeV) .
“superbends” for hard X-rays Multiple-bend achromat

(MBA)
v, =119y, =0.77,¢, = 3.88 [nm]

'

o
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Bz,

AR
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Lattice Types — cont.

®
ALS TBA (1.9 GeV) .
“superbends” for hard X-rays Multiple-bend achromat
(MBA)
vy =119y, =0.77,¢, = 3.88 [nm]
= 30 :
&
s | MAX-IV 7BA
Q
? 18 ! T 1 T ux ._l 0.09
. ] e
Loy o | A y: 0.07
p =" g - 0.06
= ? el | 1 0.05
1 1 1 g i : 0.04
0 5 10 15 s °f 0.03
s [m] ] 5 0.02
i 0.01
2| 0
0 -0.01
ol A
o b M\

Dispersion [m)




Dispersion Leak to Reduce Emittance

Machine Functions (m)

Distance (m)
Figure 2. Machine functions in the original lattice.

l:l - .S'T‘

S, ~ E* } B(s)H (s)ds

~J K j B (s Jds

1
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p(s)n (s)-

H(s)=nl(s)+
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Figure 3. Machine functions in the low emittance
lattice.

),

2

n.(s)

P.As)




SPEAR3 Design
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SPEAR3 Lattice Replacement

1D beam line

Bend
L — .
o, beam line

SPEAR 2 Girder
160 nm-rad FODO
1D beam hine

-~ € - = - | _b-:z':\lT:nc
/‘—\."\ . .‘.' { } ' 1\

- SPEAR 3 Girder
I8 nmerad Gradient DBA

Standard Cells
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SPEAR3 Lattice Replacement

1D beam line
Bend

SPEAR 2 Girder o
160 nm-rad FODO
1D beam line

—— -
/—\r\" L AR ] “{\

SPEAR 3 Girder
I8 nmerad Gradient DBA

Standard Cells

el VoL Matching
SPEAR 3 *\“‘?:":‘:,‘\\ﬁ Cells
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SPEAR3 Upgrade - Summary

ol Ay
T M
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O

. SPEAR2 = SPEAR3
Energy 3 GeV 3 GeV*
Emittance [T — e 9.5 nm-rad with
(with IDs) | dispersion leak
Current | 100 mA 500 mA**
Lifetime - 40h@ 100 mA >10 h@ 500 mA
Critical energy 4.8 keV 7.6 keV

Circumference | 234126 m 234126 m
RF frequency/ h 358.5 MHz/280 476.3 MHz/372

Injection energy 2.3 GeV 3 GeV

P33 GeVomaxumum energy, with current linuted to 330 mA
" 100 mA it for some beam lines until upgraded for 300 mA




SPEAR3 Upgrade - Summary

@

SPEAR 2 SPEAR 3
Energy 3 GeV 3 GeV*
Emittance 160 nm-rad T p—— <«9-5 nm-rad with
(with IDs) dispersion leak
Current 100 mA 500 mA**
Lifetime 40 h@ 100 mA >10 h@ 500 mA
Critical energy 4.8 keV 7.6 keV

Circumference 234126 m 234126 m
RF frequency/ h 358.5 MHz/280 476.3 MHz/372

Injection energy 2.3 GeV 3 GeV
33 GeV maxumum energy, with current linuted to 330 mA
" 100 mA it for some beam lines untl upgraded for 300 mA
« Beam line alignment unchanged - Mode-damped RF system
« Low impedance, stable vacuum chamber - Stable beam properties

« < 1.6 nTorr N,-equivalent pressure at 500 mA . Minimal down time for users (< 1

AL vear)
ol b AN \
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SPEAR3 Beam Dimensions

ID Source Point Dipole Source Point
SPEAR 2 SPEAR 3 SPEAR 2 SPEAR 3

2000 Ym 427 Ym 790 Ym 160 “'m

2-20 mrad 2-20 mrad* mrads mrads

53 Ym 30 “m 200 Ym 50 “m

142 Yrad 136 Yrad* 147 Yrad 136 Yrad

23mm/75ps | 5.3 mm/19 ps | 23 mm/75 ps | 5.3 mm/19 ps

* For 100-period undulator: 9, =42 Yrad, 9, =15 Yrad

1 AL
B AN
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SPEAR3 Beam Dimensions

ID Source Point

Dipole Source Point

SPEAR 2

SPEAR 3

SPEAR 2 SPEAR 3

2000 “m

427 Ym

790 Ym 160 Ym

2-20 mrad

2-20 mrad*

mrads mrads

53 Ym

30 “m

200 Ym 50 “m

142 Yrad

136 Yrad*

147 Yrad 136 Yrad

23 mm/75 ps

5.3 mm/19 ps

23 mm/75 ps | 5.3 mm/19 ps

* For 100-period undulator:

Transverse Stability:

<10% of beam dimensions

= <20 um H, <5 um V at stable BPMs
<1.4 urad vertical for 100-period ID

0':
X

42 Yrad, O, =15 Yrad

Longitudinal Stability:

< 0.01% coherent E oscillations (A¢ < 0.3°)
for 104 stability of 5t undulator harmonic

= < 0.02% coherent E oscillations (dipole sources)

NATIONAL ACCELERATORA LADORATORY
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SPEAR 3 Photon Beam Improvements

flux brightness
beam lme. | 1lkeV | 10keV | 1keV | 10keV
bend 4,7x 9.9x 89x 188x
BL4/7:1D, | 13:9x 15.3x 116x 127x
BLOID 5x 5x 43x 43x

accept.

BL9-2 (1mr accept) BL4-2 focus w/ 2mr |———



SPEAR 3 Photon Beam Spectra
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Work Breakdown Structure and Cost Estimate

SPEAR 3 Project M$ M$
Magnet and Supports 6.7

Vacuum System 9.1

Power Supply System 3.5
RF System 0.6

Instrumentation, Control and Protection Systems 2.6

Injector 0.2

Beam line Front Ends 1.0

Facilities 1.3

Installation and Alignment 4.0

Project Physics, Management and Administration 2.7

Total Direct in FY’98M$
Indirect Costs

Contingency

Escalation

TATAIL ECTIMATED ~CNCTC (TEM)
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Accelerator Physics Studies

3.1 Stwiege Ring Lattice and Deam Parameters 3.3 Beam Stability Requirements

3.1.1  Storage Ring Geometry 3.3.1 Transverse Stability Requirements
3.1.2  Sandard Cells 5.5.2  Luegiudioa! Stebility
3.1.3 Matduog Cells 3.3.3 Beam Stabilization Plan
: 3.4 Orbit Control
::; z:;ﬁ‘:::?::wm 341 Sources of Orbit Distortion and Motion
3.4.2  BPM and Corroctor Locations
e SN P DN 3.4.3 Orbit Comection Algorithms
3.1.7  Single Particle Uynamics 3.44 Static Orbit Control
11 R Alignment and Fisld Frroes 145 Dvnamic Urbit Control
3.1.9 Insertion Device Modeling 3.4.6 Quadrupole Field Modulation
3.1.10 Optical Upgrade Paths 3.5 Storage Impedance
31,110 Coupling wend Coneclion 3.5.1 RF Cavities
3.1.12 Beam-Stay-Clear 3.5.2 Chamber iImpedance
3.1.13  Photon Beam Steering Envelope 3.53 Power Loss Estimates
3.1.14  Latice Commissioning 3.5.4 Impedance Budget - Conclusions
3.1.05  Latice Tuning
3.2 Injection
3.2.1 Beam Transfer Line

322 Wnechon Bumps
123 Injection Analycis

ol Ay
o T o

3.6 Collective Effects and Stabilization
3.6.1 Single Bunch Thresholds
3.6.2 Multibunch Motion and Stabilizatior
363 Contlusivrs
3.7 Beam Lifetime
3.7.17  Quantum Lifetime
3.7.2 Gas Scatering Lifetime
J.7.3  Intrasbeam Scattering
3.7.4 Total Electron Beam Lifetime

3.8 lon and Dust Effects

3.81
3.8.2
383
384
3.85
3.86
3.8.7
3.88
3.89

Machine Parameters

lon Production Rates and lon Densit
Trapping

Lifetime

Tune Shift

lon Frequencies

Coherent Trapped-lon Instabilities ar
Fast Beam-lon instability

Dust Trapping




SPEAR3 Lattice

Racetrack
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Beam-Stay-Clear

@
10| Girder 15 Injection Clearance
—— Stored Beam Envelope
— === |njected Beam Envelope
E 30 Horizontal Beam Stay Clear lnlnl Gnlcl Ielcl Bnlcl -
= Vg H—F a8
Ju
c
o
N —
s 20 £ 20 -
- = Vertical Beam Stay Clear
,§ Stored and Injected Envelope
. e —vb\_/vu\/u\/u\
>
0 A l 1 l 1 0 A l | l |
0 20 40 60 0 20 40 60
SA15A21 Path Length (m) St TALD Path Length (m)
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SPEARS3 Lattice — Orbit Correctors and BPMs

Corrector locations
(72 total; 54 H and 54 V correctors used for orbit feedbck )

V H
(H available) (V available)
HIV HIV
— -‘_'v/_i_- ‘.:;.;.Q” 1 .: Ll‘{ ......... ag S200% SO0 :}: .? :

A - Rt A v, N ¢ % TR
P B R R e e e
Al o ’;’ o an !3'_ ! - i 4 ot f: P ‘:'_;':-:\' e s
"-!. !'" s3r" = n 2 SAES et L “ i y ‘uu‘ & ;].

2 Bl Bz S -

potential problem
with TE,, mode

in antechamber

BPM locations

(104 total; 90 used for orbit
feedback
AN )
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SPEAR 3 Lattice Properties

Dynamic aperture:

25
0 On Momentum

20

“ O Opip = 3%
E 15
®
¥ 10
>

S With Erroxes

0 > -

40 20 0 20

S413A1$ Honzontal (mm)

Coupling with amplitude:

Tune with amplitude:

Vy

{

Tune with momentum:

(4]

e

-20 0 20
Radial Betatron Amplitude (mm)

0 Percent

o

. o

Maxmmum Verntical Ampitude (mm)

-

1 | 1 1

0 5 10 15
siaazsy Horzontal Betatron Ampiitude (mm)

20 10 0 10
Vertical Betatron Amplitude (mm)

e -2 0 2 4

Momentum Deviabon (%)

Vy
A —
4 2 0 2 4

Momentum Deviation (%)

=l Ay Multi-Objective Genetic Algorithms (MOGA, D. Robin et al.)




Collective Effects - Impedance and Instabilities

Narrowband

No harmful HOMs from PEP-II cavities
No feedback needed for coupled bunch instabilities

Broadband
L. =~120 nH ZIn=~1Q f;=15GHz

l,, = 5 mA/bunch for onset of energy widening

~x2 energy and bunch widening at 25mA/bunch

Resistive Wall

Tunes below half integer
l, @ 0.2 § (norm): 450 mA for SS chamber

(head-tail damping) >800 mA for Cu chamber




Bunch Length and Energy Spread vs. Current

58 Bunch Lengthening and Energy Widening vs Current (mA)
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Lifetime

Gas Scattering: 28 h @ 500 mA
« Coulomb: 89 h
* Bremsstrahlung: 41 h

1.8 nTorr N,-equivalent (conservative), 3% energy acceptance

Touschek: 53 h @ 500 mA
1% coupling, 3.2 MV RF, 3% energy accept, 279 bunches

Total: 18 h @ 500 mA

100 ' .
: . 1 1
* higher if pressure <1.8 nTorr .
2 g0 Coulomb LT
* 45h @ 200 mA -2 | )
= Vrf = 3.2 MV
.Qé i Touschek LT
= s0t~ .
= Bremsstrahlung LT
8 20 Fre—re—re—e o
@ TotaT P s
0 1 l 1
0.8 1.2 1.6
Uo (MeV) t-.ub_))

1 AL
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Gas Scattering Lifetime

Beta-pressure profile:

20 ™
3> =520 m
15
2
s 10
=
e
0
20 T
~ 18
&
=
g 10
N
>
4
0
A
0
20
E 3t
e 10
A :
~
-] 4
4° N0
- —-.

Coulomb lifetime and vertical aperture:

250 . T T T
£ 200 R
£
s 150} R
£
% 100 .
2
50
| | |
% 2 4 5 -
599

84134273 Undulator Gap Hall-height (mm)

Total gas-scattering lifetime:

1000

2.0

| | |
3
3
&
s
- 100
&
e=
s
3
= e Coulomb LT
é = Bremsstrahlung LT
s Total Gas Scattenng LT
10 ! ! !
0 0.5 1.0 1.5
aA250 Pressure Equivalent N2 (n Torr)




Touschek Lifetime and Momentum Acceptance

Touschek lifetime and RF acceptance:

| 1 T 1 T 1
0.04
. i :
a | A
Q@
5;3 0.02 |- Uo = 1.61 MeV
&
0.01 ~Uo =1.12MeV =
O : ' L 4 l L
1.2 2.2 3.2 4.2
Vrf (MV) r-wm.,;
0.035 . — —
4
8 i Vrf=3.2MV
cC
S
& 0.025 -
L&
Q
<<
(I
I -
0.015 | | 1 L | n
1.0 1.2 1.4 1.6 1.8
p| 13A2s Uo (MeV)
Jhl‘\\"
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RF acceptance:

2U0(Jq2- -aoos(l)) q =eV/Uo
AE 9 (overvoltage)
E RQhE
I T
22 mm
~ 120 |-
2
§ RF Bucket size limit
@
E 80
2
- E
-
@
L
8 40 I- momentum-dependent
8 dynamic aperture (mm)
’—
0 | | ‘ )
1 2 3 4
rms bunch Vi (MV) 3&1‘:.-:: [

T, 15 the classical cloctron radius, and c is the speed of light. D(v) is a form fac-

1 value of 0.2 [REF 777) -; |,. is the smallest value of the RF acceptance, the

ent dynamic aperture or the physical acceptance,

[f




Double-Waist Chicane Optics (BL 12, BL 13)

4.8 m matching

straight ————p {8
5

3 m standard »
straight %
(7
A 1 7.6 meters i '
-- 1 1
3 ol = %
w
= [x]
e BL12 in-vac undulator ~5.5 (&
o mm gap <%
iy %> BL13 EPU
e, RF e 10 mm ga
g - g 4+— gap

ad BV o~




Chicane Optics

Baseline optics

matching straight, §, = 4.8 m
long straight, $, = 10 m

Chicane optics

matching straight, §, = 2.5 m

long straight, $, = 1.6 m
L AL

—_—
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SPEAR 3 Implementation

short, rigid support J”‘ '
girders e




SPEAR 3 Implementation

PN s N

short, rigid support
girders

low-impedance
chambers

>
)

i
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SPEAR 3 Implementation

A
// g ™

short, rigid support
girders

low-impedance

chambers
mode-damped rf
cavities
ol Ay




low-impedance
chambers

SPEAR 3 Implementation

. /// ' : A .
short, rigid support ...~
Mo < 4y

o » A
3 b
-~ ,\4'
.‘ ’
- ! tl 3
’ 3

mode-damped rf
cavities




low-impedance
chambers

SPEAR 3 Implementation

girders

RN - C\
4

. e
short, rigid support J@P‘ |

11
v ’
g
! [ -
- !t
'
h

mode-damped rf
cavities




SPEAR 3 Magnet Girders

SPEAR?2 girders: SPEAR 3 option 1:

NATIONAL ACCELERATORA LADORATORY




TPS Girder Mover System

» The side pillar moved to the top of one

 Tilting moved to the center area of girder for better reference
pedestal to release clumsy space

» Touching sensors adopting LVDT for cost down and small
reference sockets on the sensor modules for better install

c! A _Q TPS accuracy (<10um)
ad e "\




NSLS-ll and MAX-IV Magnet Girders

NSLS-II




NSLS-ll and MAX-IV Magnet Girders

NSLS-II




Magnet Types in a Typical Cell

Wide Quadrupoles & Sextupoles to
Correctors accommodate X-ray transport.




Dipole Types

 Dipole - straight and curved (more expensive), depending on sagitta

» Gradient dipole (for compact lattices)

» Variable field dipole

e.g. LNLS2: low field permanent magnet, high field at beam line source point




Injection Septum Magnets

» Vertical injection — Lambertson septum magnet

SPEARS PLS-Il septum magnet

\J
e .-




Injection Septum Magnets

» Vertical injection — Lambertson septum magnet

~ SPEARS | PLS-Il septum magnet

{
|
¥
|
I
|
|
|
oli
|
7 v
[re=——_ TG !
= i leli
b
v —
e ol

NSLS-II
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Magnetic Measurement

NSLS-II




Qn Radial Offset Chart for N=2 Quadrupole
34Q Prototype Measurements (Concrete Base) 3.0
2.3
1.0E-03 —
E. 1.5
£ m 61Amp2 S s —
> 1.0E-04 0 71Amp2 ' — =10
9 o O 81Amp2 0 — n=14
m
a Amp2
5 m 89Amp. 08 ‘
0 13 25 38 50
10E'05 i T T T T T T T Theta = 2 Alpha (deg.)
34567 8 91011121314151617 18
Multipole Index
A curve from Klaus Halbach’s paper, First Order
34Q Prototype Meas. (New Machined Chamfer . . . ’ . .
typ ( ) Perturbation Effects in Iron-Dominated Two-Dimensional
1 OE-03 Symmetrical Multipoles, published in Nuclear Instruments
and Methods — Volume 74 (1969) No. 1 is reproduced
£ above. It describes the effects on the first three allowed
£ m 61Amp2 . . .
~ A2 multipole errors of radial offset portions of a pole for a
™ m
@ 1.0E-04 - o P quadrupole.
N 0 81Amp2
% m 89Amp2
m
1.0E-05 -HULHULATHCHUCHINRIICRTE USRI R R BTN
34567 8 91011121314151617 18
Multipole Index

B(Z)=E(Bn +iAn)Z"_1, Z=X-10y
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SPEAR3 Vacuum Chamber
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Stable BPM Supports

ol Ay
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Transitions to Existing ID Chambers




Shielded Bellows

COOLING FOR
DIPOLE VERTICAL
MISTEER, ~ 3KW

TRANSITION
STANDARD VACUUM PROFILE /\
BL11 TRANS/BEL, ONLY _/
ADDITIONAL 1.96”
LONGER THAN
STANDARD BELLOWS
o b A\




ID Mis-Steer Interlock

BPM Insertion BPM Chamber

device Slot
I "
u

—
—
—
=
=
=
=
—
=
=
=
=
—
—
—

—— e — — — — — —— —— ——— —— — —— ———

—
—
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=
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[ T - ~

A

mech. o

ly+yL|<g/2-A

(v,y’) = (position,angle) at center of ID
g=13 mm A

mech = 1.9 mm Ao, = 2.2 mm

L = distance at which photons exit slot=3.9m

A |y | V']

mech. o = + < 1

2W8mm  0.72mrad
/

2.4 mm (accounting for ID

£°8 As focusing) ;

v+ |L<g/2-A




Aluminum Vacuum Chamber — PLS-II




Rudower Chaussee 6, Geb. 19.26/27

FMB Feinwerk- und MeBtechnik GmbH 'Il
D-12484 Berlin (Germany)  FMB |

Vacuum Chamber - Dipole and Sextupole (ANKA / Karlsruhe)
Radws (Dipol Chamber): 5559 mm
Total leneth 2847 tnn




Minimal Chambers: NEG-coated (MAX-IV)

i S o
v ‘n,c"/ \Q'”? S v?""*‘f'*"‘ 3;. e
:,_/.Q(:' TR
3
\‘.
" L& .
’ /—* ‘“"’:‘—"3" "w'(@'f*‘a» N o
.*. By =

<

<

a)
Commissioning - July 2007
0 NEG dipole chambers
0 NEG ID chambers
® 6 lon pumps
® 12 Ti sublimation pumps

d)
April 2009 -
3 NEG dipole chambers
2 NEG 1D chambers
® | lon pump
® 4 Ti sublimation pumps
4 | Turbo molecular pump

Fig. 1. (Color online) The vacuum system of cell 2 and cell 3 i the MAX II storage nng from a) commussionmng to July 2007,

b) July 2007 to July 2008, ¢) July 2008 to Apnil 2009 and d) from Apnil 2009 onwards.

ol Ay
e AN
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Mitigation of Resonance Modes in Chamber — RF Shields

TE,, mode in wide chamber near BPM @ ~500 MHz processing frequency

= To increase the cutoff frequency, > 500 MHz
v Slotted stiffeners are being installed to minimize conductance reduction

Horizontal absorbers

Slotted shunts
(chamber inside) Strong support

505 v 1

500 i No resonance mode near 500 MHz

— — O0Es00 SO+06 100407 158607 200407 250407 30007 35007

quﬂv Number of meshes

NSLS-Il: flexible BeCu
RF fingers with 50% of
opening space




Straight Section Chambers

septum -
kicker raft

DCECT

D chamber

squashed tube drnift Cu-plated

> Cu-plated N
.-"'-' _»
NATIONAL ACCELERASOR LADCRATORY -




Diagnostics

Srsersive Time Lilebroet4 0087 hours .
« Bergoz DCCT, 1 uAin 1 second Gl L [ iigasn™

—
—— —

""""

m Corvent Ay
¢

- |
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Toe [panorem
2 VS DCCT Jeser © 0002553 =A
g M 'y 5 Y
3
>
i
S
(3
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,
$
A
3
»
s 2
s
' L] L] "W "” 4 i T ] o

Tiene foaseneh

0.5 second DCCT data

Tune measurement




In-Flange DCCT: Bergoz NPCT




NSLS-ll Diagnostics Systems

Systems Vendor

Booster Linac Gun
RF BPM - Single Pass i
RF BPM - TBT & Stored Beam 180 37*
ID RF BPM 2 or 3 per ID
Fill Pattern Monitor (WCM)
Fill Pattern Monitor (FCT or SL) 1
Faraday Cup
Beam Charge Monitor (ICT)
Fluorescent / OTR Screen 3
Energy Slit
Photon BPMs 1 or 2 per ID
Stored Beam monitor (DCCT)
Tune Monitor
Top-Off Monitor
X-Ray Diagnostics (BM-A Source)
X-Ray Diagnostics (3PW Source)
VSLM Diagnostics (BM-B Source) 1
Transverse Feedback (H & V) 1+1
Beam Loss Monitors TBD
Beam Scrapers ( H & V) 3+2

A/~ | |
S B ¥ . )
0 e AN NSLS-II provides BPM Electronics
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- Elf‘
large power
supplies

dipole choppers (1

-
!-‘ll‘l': - =
LTS .
ipgies 11 ;m‘if;

r Tl :
iy B LT

intermediate supplies
(10-15 kW)

AC motor control

bipolar power supplies

"7 3T kicker pulser

—n] _CENtEr |
== | @

:
— o,

B4

Power Supplies

30A bipolar supply crate

RF HVPS




Power Supplies — NSLS-II

Power Supply
-Model

Max.
Voltage

Max
Current

Configuration

Stability /
Resolution
ppm of max |

Operation

Main Dipole

1200 V

450 A

Unipolar Switch-Mode , Digital Regulator
center point tied to GND

25
3.8

DC
1 Quadrant

Quadrupole -A

-B
-C
-D

16V
22V
30V
0V

175A
175A
175A
200A

Unipolar Switch-Mode
Analog Curr. Regulator - 2 DCCTs
1 PS per Magnet

50
3.8

DC
1 Quadrant

Sextupole -A
-B
-C

4V
60V
16V

120 A
165 A
120 A

Unipolar Switch-Mode

Analog Curr. Regulator- 2 DCCTs
Model A & B =1 PS per 6 Magnets
Model C =1 PS per 2 Magnets

100
15 (3.8)

DC
1 Quadrant

Global Horz. & Vert.
Correctors -A

24V

1.25A

2 Channel Bipolar Linear
Analog Curr. Regulator - 4 Shunts

100
15 (3.8)

2000 Hz
4 Quadrant

Insertion Horz.
Correctors -B

30V

30A

Unipolar Switch-Mode
Analog Curr. Regulator - 2 DCCTs

50
3.8

DC
1 Quadrant

Skew Quad
Corrector-C

20A

20A

Bipolar Linear
Analog Curr. Regulator - 2 DCCTs

100
15 (3.8)

DC
4 Quadrant

Alignment Horz. & Vert.
Correctors -D

25V

22A

2 Channel Bipolar Linear / Pre-Regulator
Analog Curr. Regulator - 4 DCCTs

25
3.8

3Hz
2 Quadrant

Dipole Trim -
Corrector -E

15V

4 A

2 Channel Bipolar Linear / Pre-Regulator
Analog Curr. Regulator - 4 DCCTs

100
15 (3.8)

DC
4 Quadrant

Dipole Trim -
Corrector -F

20V

10A

2 Channel Bipolar Linear / Pre-Regulator
Analog Curr. Regulator - 4 DCCTs

100
15 (3.8)

DC
4 Quadrant

There is a total of 997 power supply channels used for the NSLS-II storage ring

NATIONAL ACCELERATOR LADCRATORY
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Magnet family power supplies: “strings” vs. individual

Quadrupoles need individual tuning to correct for ID
focusing effects

Quadrupole modulation is desired for beam-based
alignment and BPM calibration (trim coils can be used for
series-powered families)

Recent studies show that best dynamic aperture may be
reached with independently tuned sextupoles (normally
powered in families)

Individual power supplies + cabling usually cost more than
strings, but this cost difference can be reduced with modular
power systems and short cable distances




Fast Corrector Power Supplies - SPEAR3

MCOR 30

crate

MCOR30 and
controller
daughter card

rear panel
Frankenbride board

MCOR control
Frankenboard
+ VMIE CPU

CTMITAD D TMancaan Tnan 1™ Annn




SPEAR 3 RF System

nnnnnnn

PEP-Il mode-damped
cavity (476 MHz, 800 kV)




SPEAR 3 RF System - cont

waveguide network

circulator installed cavities
ol A
v b T\

low level RF control




SPEAR 3 RF System - cont

waveguide network
installed cavities

low level RF control




ALBA Mode-damped RF Cavity

RF Cavity Waveguide dampers.
f 499,654 MHz )
Q, 27000
Rshunt 3.1 MQ
R/Q 115 Q _ _
Cavity power 60 kW ’L‘#
Beam power/cav 87 kw -2
IPC power 147 kW Beam pipe = =
Type of cavity nc (6 Cells/IPC)
Total Voltage 3.6 MV (600 kV / cell)
Total Power 960 kW (160 kW / cell)

oThe Call for Tender process is starting now. A

prototype with improvements respect the original
BESSY design will be first produced.

oA SC third harmonic cavity is planned

AR
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Superconducting RF Cavity

~1.5 MV/cavity

6289 £
. 9 B
3'5’::3*‘ :'?’ Fl
Lo A.’.' Two CESR-type cryomodules in a long-straight section.




Superconducting RF — Cryogenic System

| rEI-{T‘rQT

“\___3 Response to RFP due todg

d}lcated LN2
distribution for RF

———
—~—
‘ A SR
—— - MELIANE
— v soN I /_—
— "
—&2 plo gﬁn
Jp—— a _ I e e
) | L ¥ T _le
- 1— s - =
-~ - o — -
ol Y -
- ye—— - -

§

£}

bbbl

SRF
tunnel

Lo

avilles In v/alve boxes on
tunnel roof

A 7>

-.-.Cold box, 3000-I%,

building
mezzanine

i

pre.ss;or buildi
Dewar on RF  gecoupled from

tunnel

LAST REVISED 1102003 ECCUMSY
LAST REVISED: 12uN03 ECCUMEY

LAST REVISED:
REVISER; 222909 POCLINRY
REVISES; V20 rOCLINnY

AST
LAST

122003 ECOANEY

Gaseous Helium
tank farm with

" recovery

compressor




SCRF - Klystrons and Solid State Amplifiers

300kW HPRF Klystron-TH2161B

Frequency; SOOMHz

RF Output(CW); 300kW
Gain; 40dB(min)
Efficiency; 63%(typ)
Heater; 10V/30A

Beam voltg == ===t
54kV/10.
Anode volt v .
lon Pump ' SULEIL Storage'ng RF plapt
Magnet(fos, R 4 x 190 kW power amplifiers
100V/1.
Full Cost (with PS.and WG distribution)
Water cooin Booster : 200 k€for J0KW=>5€/W
450 liter/n Stor. Ring : 3ME for TS0 kW =>4 €/ W
Water coolir Modularity = You just pay for the Watts
10 liter/n = 2
Air cooling fi
Air cooling fi

190 kW @ 352 MHz
Gain = 52 dB
Qverall Efficiency (PS,..) ~50%
No RF trip even if transistor fails

Laurent S, Nadolski




Digital LLRF Control

« Gone through 2 revisions

« Addition of integrated =
RF-IF up/down conversion,

« Enhanced device cooling,

« Standard 1U 19” chassis
packaging,

* 4 samples are being made <
for supporting RF development tasks.

-
R -« A

.....

. Lo
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SPEARS3 Instrumentation and Control

Operator Console

Workstation,
X~Termnal, PC

Operator Conscle

Workstaton,
X~Terminal, PC

Operater Console

X~Terminal, PC

Workstation

Central SPEAR
Computer

Onine Database
Applcations

EPICS Channel|Access Protocol

Central Injector

Onine Database,

Computer

Applications

CAMAC Crate

with Imelkgent
Crate Controller

CAMAC Crate

with intedligem
Crate Controller

VME Crate

with inteligent
Crate Controller

VME Crate

with Autenomous
System (BPM)

r o
M1
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SPEARS3 Instrumentation and Control

Operator Console

Workstaton,
X~Termnal, PC

Operator Conscle

Workstaton,
X~Termmnal, PC

Operater Console

Workstation
X~Terminal, PC

Central SPEAR
Computer

Onine Database
Applications

EPICS Channel| Access Protocol

Central Injector
Computer
Onine Database,
Applications

CAMAC Crate

with Imelkgent
Crate Controller

CAMAC Crate

with intedligem
Crate Controller

VME Crate

with inteligenmt
Crate Controller

VME Crate

with Autenomous
System (BPM)

b T
M13A S




SPEARS3 Instrumentation and Control

« 107 bytes/sec real-time data rates
» 106 process variables
* 4 x 103 Hz orbit acquisition
* 102 Hz orbit feedback
* 10 Hz injection
* <5 x 103sec protection from beam mis-steer
« < 10-% meter beam position control
Operator Console Operator Conscle Operater Console
Workstation, Workstaton, Workstation
X~Termnal, PC X~Terminal, PC X~Terminal, PC
EPICS Channel|Access Protocol
Central SPEAR Central Injector
Computer Computer
Onine Database Onine Database,
Applications Applications
CAMAC Crate CAMAC Crate VME Crate VME Crate
with Imtelkgent with intelligent with Intedigent with Autenomous
Crate Controller Crate Controller Crate Controller System (BPM)




Control System Architecture

Configuration Diagram of PLS-II Control

High-level Control System

Network System

Device Control System (EPICS 10Cs) for Storage Ring Event Trigger
[l = MU S
Device Control System (EPICS 10Cs) for Linac Machine Interlock
ol AL
d e M\




MATLAB Application Programs

GUIs M=
— Orbitgui >
— Plotfamily
Fast scripting language for
commissioning shifts

Numerical algorithms and graphic
for fast data processing




SPEAR3 Timing and RF Signal Generator System

®
e S e P S S T e B O e PO =3
1 |
! £ 476.3MHZ SPEAR 3 RF
- ' ts +1 1 ite
| |ls\lg:g1 Ho%rd%gténcfsrilg: 28 -
476.3MHz m— 4 TN 119.075MHz STREAK CAMERA CLK
SPEAR l ' 'Z\IOMpgzs +10dBm Sin 1_,5 S Jitter
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Modern EVG/EVR Timing System

Event Trigger System

» Collaboration with SSRF
» 1EVGIOC, 15 EVR IOCs

» All hardware modules are under procurement
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Structure of PLS-II event-based trigger system




Fast Global Orbit Feedback System

Rate:

Bandwidth:

Number of BPMs:
Number of Correctors:

Control Algorithm:

4kHz

~200 Hz

112 x + 112y (capable), 53 x + 53 y now
72x+ 72y (capable), 54 x + 54 y now

SVD, Pl in the singular vector space of the
response matrix

1 AR

e AN
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Fast Global Orbit Feedback System

Rate: 4kHz

Bandwidth: ~200 Hz

Number of BPMs: 112 x + 112y (capable), 53 x + 53 y now
Number of Correctors: 72x+ 72y (capable), 54 x + 54 y now

Control Algorithm: SVD, Pl in the singular vector space of the
response matrix

Static orbit correction

AX = RAO R=USVT

A =/VS(<)UTA)7
orbit| | inverse | |orbit
correction| | singular | |BPM
eigenvectors values eigenvectors




Fast Global Orbit Feedback System

Rate: 4kHz

Bandwidth: ~200 Hz

Number of BPMs: 112 x + 112y (capable), 53 x + 53 y now
Number of Correctors: 72x+ 72y (capable), 54 x + 54 y now

Control Algorithm: SVD, Pl in the singular vector space of the
response matrix

Static orbit correction Dynamic orbit correction
AX=RAO  R=USVT A (1)=VK,,S U A%(t)

N DrrT A+ > —()_ — —
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orbit| | inverse | |orbit
correction| | singular | |BPM
eigenvectors values eigenvectors
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BPM Processing and Orbit Feedback System

West Pit (quadrants 1 & 4) East Pit (quadrants 2 & 3)
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SPEAR 3 BPM Processors

4:1 button MUX parallel processing

Bergoz

( 9 ) 1st turn/single-turn/multi-turn
multi-turn BPM measurement BPM measurement
~100-200 Hz BW)
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Fast Orbit Feedback

Performance

Large improvement for %%
second averaged BPM

data

x1O3

~200 Hz bandwidth

SOFB

r.m.s. orbit 0.5s average [um]

FOFB

Horizontal | -
Vertical
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R.M.S. Power Spectral Density [um§/Hz]
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SPEAR Orbit Distortion

®
Distributed perturbations from small uncorrelated (~1um) vibrations of
individual magnets and supports cause orbit distortions that are
concentrated in the eigenmodes having large singular values

Modal Power Spectral Density

Frequency [Hz)
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Dispersion Orbit Correction with RF Feedback
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Table 3.28 Effect of circumference change induced by 1° C temperature rise in various materials.

Matenal x['CY) AL (mm) App(%®) Ax[mm]  Af[kHz)
Copper 16x10% 3.5 1411 6.69 5726
Stainless steel Tx106 1908 1.465 6.96 £.076

Aluminum 24x10¢ 5.85 2.205 10.45 -8.932
lron 12x10¢ 281 1.058 5.01 -4.29%0
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Floor Motion Study - Hydrostatic Level System

(G. Gassner — SLAC, nttp://iwww-group.slac.stanford.edu/met/Align/Spear3/SPEAR_WWW/nov05/autoplot.htmi)

BL12 MO mirror 8L 12 mono
BL12VU /r BL12 M1/M2 mirrors

BLQD/ BL12D

BLIU s aLe0 "SBLED
J /BL 10D BLE MO mirror
/ BL10U
, BL7TD
BL7U

# BLITU
BL11D

WPD
ot BLA3U

wWPU BL13D

18 HLS sensors in tunnel, 2 on g
experimental floor (BL12) 1
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Floor Motion Study - Hydrostatic Level System

(G. Gassner — SLAC, nttp://iwww-group.slac.stanford.edu/met/Align/Spear3/SPEAR_WWW/nov05/autoplot.htmi)
o

BL12 MO mirror 8L 12 mono

BL12U, 4 ar BL12 M1/M2 mirrors
BLOD " BL12D
8L9U/ g BLeL WBLSD
BL10D BL6 MO mirror

/ 'BL10U

BL7D

BL7U

£ Bl .
BL11D

WPD_ e BLA3U
wpy BL13D

18 HLS sensors in tunnel, 2 on
experimental floor (BL12)

« Tunnel floor moves daily, seasonally, and fr¢
rainfall
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Mirror Pitch Feedback (ssrL, . Rabedeau)

error signal obtained from position sensitive (split) detector
located near beam focus

error signal used to control piezo high voltage via PI
algorithm

piezo provides mirror fine pointing control with typical full
range of motion +/-~30 urad

focus 1.4 um rms

source 17.3 wm rms

1 A

e AN
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SPEAR 3 Beam Line Components

insertion
device
(Danfysik)

1.2m téroid mirror for BL10-2

wheel-in BL front end




SPEAR 3 LN Monochromator + Crystal Exchange




SPEAR3 Insertion Devices

Beam Line Device Periods Field (T)
4 PMW 10 2 @ 16 mm
EPU 26 0.7 @ 18.6 mm
PMW 27 0.9 @16 mm
PMW 10 2 @ 16 mm
PMW 8 1.9 @ 24 mm
PMW 15 1.3 @24 mm
PMW 13 2 @ 16 mm
IVUN 67 1.1 @5.5mm
13 EPU 65 0.8 @ 13.5mm
12-1(future) TBD

future (4) TBD

1 AR

« o
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Insertion Device Characterization




Insertion Device Characterization

« “Magic fingers” used to correct dynamic integrals for BL11 ID (poles
too narrow) .

) E P ‘}..1,4. &= ) 4  } «=Dynamic intogral
- ' . t=.Magc fingers |
‘ — Resicual

......
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Insertion Device Characterization

®
« “Magic fingers” used to correct dynamic integrals for BL11 ID (poles
too narrow) .
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' | ‘ . ':H\':;O;:"W’

YA (
.
g e E— = o
E 4F LR i t
» ' ra
» 3 v . |
VA ¥ 11t | ¥ 1
vy ]'[ I 15 1 ZNZ2 {
| A1 /18 4 - Vo 88 s R 1
o g [..,‘
- -
s

« 1stand 2"d second integrals, transverse field ,_ Firstintegral field specifications

roll-off now fully specified for ID vendors ‘*
T ,
x[cr;n]

ForBLI2 & 13: 100 + 50°|x] G'em, |x|<2.5 cm:; (ALS extended to 25 mm)
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Insertion Device Characterization

“Magic fingers” used to correct dynamic integrals for BL11 ID (poles

too narrow)
\ } «=Dynamic intogral

) oo EIP PG S —
: . +——t = . MagiC fnQers
— Resicual

First integral field specifications

1stand 2" second integrals, transverse field ., e
roll-off now fully specified for ID vendors

BESSY

Skew quad errors found in EPUs - corrector = | !
coils added to BL5 and BL13 EPUs 1

xfem)
ForBLI2 & 13: 100 + 50°|x] G'em, |x|<2.5 cm:; (ALS extended to 25 mm)
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Insertion Device Characterization

“Magic fingers” used to correct dynamic integrals for BL11 ID (poles
too narrow)

Ny Qs Ve .
' 13 =-Magic fingers
— Resicual
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1st and 2"d second integrals, transverse field Firstintegral field specifications
roll-off now fully specified for ID vendors s v

Skew quad errors found in EPUs - corrector
coils added to BL5 and BL13 EPUs

EPU field integrals partially corrected by
shimming

B "vd: [G em]

xfem)
For BLI12 & 13; 100 + 50°|x] G'om. |x|<2.5 cm; (ALS extended to 25 mm)
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Insertion Device Characterization

“Magic fingers” used to correct dynamic integrals for BL11 ID (poles
too narrow)

«=Dynamic intogral
~.Magc fingers
~ Resicual

First integral field specifications

1stand 2"d second integrals, transverse field ., Firstintegralfield specifications
roll-off now fully specified for ID vendors s w

Skew quad errors found in EPUs - corrector
coils added to BL5 and BL13 EPUs

EPU field integrals partially corrected by
shimming

B "vd: [G em]

IDs symplectic integrator included in AT L
accelerator mOdellng (WU et aI., PhyS Rev. E, 2003) For BL12 & 13; 100 + 50°|x] G'cm. [x]<2.5 cm; (ALS extended to 25 mm)

r'
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SPEAR 3 Commissioning

o
First beam to SPEARS3: Dec. 10. 2003 y ! 5 |
First turn: Dec. 12 |
First stored beam: Dec. 15
100 mA: Jan. 22, 2004 o v 2 —
First beam seen in beam line: Mar. 8

First users: Mar. 15
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Topics Not Discussed

Injector design

Kicker magnets and pulsers

Synchrotron light monitors

Photon BPMs and misc. other diagnostics
Transverse/Longitudinal Feedback Systems
Machine Protection Systems

Personnel Protection Systems

Beam Containment Systems

Radiation shielding

Tunnel and experimental floor engineering

Utilities (gasses, water, electricity)




Beam energy 3 GeV
Injection energy 3 GeV
Current 100-500 mA

280 bunches, 93-bunch gap,
camshaft bunch in gap (6-bunch
timing mode @ 100 mA
available)

Fill pattern

Circumference 234.144 m
Radio frequency 476.315 MHz
Bunch spacing 2.1 ns

X
Horizontal emittance 10 nm*rad

'3
Vertical emittance 14 pm*rad

Critical energy 7.6 keV

Energy spread 0.097%

~50 h @ 100 mA,
~14 h @ 500 mA

Dipole: 140, 14 ym rms
e- size (Xx,Y) Standard ID: 310, 8 ym rms
Chicane ID: 300, 5 ym rms

Dipole: 180, 2.9 yrad rms
e- divergence (x,Y) Standard ID: 33, 1.7 pyrad rms
Chicane ID: 34, 2.9 yrad rms

Lifetime

Bunch length 20 psec rms (6.7 mm rms)

: , 9x2.3m
C| A #™ Straight sections for IDs 4%3.7m

- —_— :
P e AN (@Vailable ID length) 2 x 1.5 m (Chicane)
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