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* Project Overview
— Motivation
— Project Goals
— CESR Reconfiguration
— Status

e R&D Effort

— Low Emittance Correction and Tuning

— EC Studies: Experimental and Simulation
 Build-Up and Mitigation
« EC Beam Dynamics

 Conclusion
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Beam energy > GeV Present Baseline Design
Circumference 6476.44 m R ———
RF frequency 650 MHz |
Harmonic number 14042
Injected (normalised) positron | 0.01 m |
emittance — vy, , |
Ext.racted (normalised) 8 um x 20 nm ol |
emittance ye, x ve, injection DCO Ring
Extracted energy spread <0.15% extraction
Average current 400 mA h
Maximum particles per bunch | 2x1019
Bunch length (rms) 6 mm oo
Minimum bunch separation 3.08 ns

P a0 — L

250 km main linac bunch train || 2 pm-rad geometric
is “folded” into the DRs emittance
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ILC R&D Board S3 Task Force (Damping Rings) identified
12 very high priority R&D items that needed to be addressed for
the technical design:

 Lattice design for baseline positron ring

 Lattice design for baseline electron ring

« Demonstrate < 2 pm vertical emittance

« Characterize single bunch impedance-driven instabilities
« Characterize electron cloud build-up

« Develop electron cloud suppression techniques

« Develop modelling tools for electron cloud instabilities

« Determine electron cloud instability thresholds

« Characterize ion effects
« Specify techniques for suppressing ion effects
» Develop a fast high-power pulser Targeted for CesrTA

effort with low

emittance et beam
| May 25, 2010 IPAC2010, Kyoto, Japan - TUYMH02 4
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— Studies of Electron Cloud Growth and Mitigation '
« Study EC growth and methods to mitigate it (particularly wigglers and dipoles).

« Benchmark and expand existing simulation codes
= validate projections to the ILC DR.

— Low Emittance Operations

« EC beam dynamics studies at ultra low emittance
(CesrTA vertical emittance target: ¢,<20 pm-rad).

« Beam instrumentation for ultra low emittance beams
— X-Ray Beam Size Monitor targeting bunch-by-bunch (single pass) readout
— Beam Position Monitor upgrade

* Develop LET tuning tools

— Studies of EC Induced Instability Thresholds and Emittance Dilution
» Measure instability thresholds and emittance growth at ultra low emittance
« Validate EC simulations in the low emittance parameter regime.
» Confirm the projected impact of the EC on ILC DR performance.

— Inputs for the ILC DR Technical Design
« Support an experimental program to provide key results on the 2010 timescale

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 5
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* 4 Major Thrusts:
— Ring Reconfiguration: Vacuum/Magnets/Controls Modifications

— Low Emittance R&D Support
* Instrumentation: BPM system and high resolution x-ray Beam Size Monitors
« Survey and Alignment Upgrade

— Electron Cloud R&D Support

» Local EC Measurement Capability: RFAs, TE Wave Measurements, and
develop Time-resolved Measurement Capability

» Feedback System upgrade for 4ns bunch trains

» Photon stop for wiggler tests over a range of energie§ (1.8 to 5 GeV)

» Local SEY measurement capability

— Experimental Program Large parameter range — see next slide

* Provide ~240 running days over a 2+ year period
» Early results to feed into final stages of program

« Schedule coordinated with Cornell High Energy Synchrotron
Source (CHESS) operations
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Range of optics implemented

Lattice Parameters _ .
Beam dynamics studies

Ultra low emittance baseline lattice

l Control photon flux in EC experimental regions
Energy [GeV] 2.085 5.0 5.0 E[GeV] | Wigglers | g [nm]
No. Wigglers 12 0 6 (1.9T/PM) X
Wiggler Field [T] 1.9 _ 1.9 1.8* 12/0 2.3
Q, 14.57 2.085 |12/0 2.5 . IBS
9.62 Studies
Q ' 2.3 12/0 3.3
Q, 0.075 0.043 0.043
3.0 6/0 10
Ve [MV] 8.1 8 8
4.0 6/0 23
g, [nm-rad] 2.5 60 40
4.0 0/0 42
Tyy [MS] 57 30 20 - 0 70
oL, 6.76x10° | 6.23x103 | 6.23%x103 :
5.0 0/0 60
o, [mm] 9 9.4 15.6
5.0 0/2 90
o/E [%0] 0.81 0.58 0.93
* Orbit/phase/coupling correction and injection but no
t, [ns] 24, steps of 2 ramp and recovery. In all other optics there has been

at least one ramp and iteration on injection tuning and
phase/coupling correction

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 7
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« CHESS C-line & D-line Upgrades
Windowless (all vacuum) x-ray line
upgrade

Drift and Quadrupole diagnostic chambers

New EC experimental regions

in arcs (wigglers = LO straight)
Locations for collaborator

experimental chambers

Character
chambers

ize CESR
L4

Dedicated x-ray optics box at start of
each line

|'|3 [ CesrTA xBSM detectors share space in

CHESS experimental hutches

L2
« LO region reconfigured as a wiggler
straight

CLEO detector sub-systems removed
/

—

6 wigglers moved from CESR arcs to
zero dispersion straight

Region instrumented with EC
diagnostics and mitigation

k g ‘o’\ /

. g / Wiggler chambers with retarding field
analyzers and various EC mitigation
~ SOUTHIR methods (fabricated at LBNL in
CU/SLAC/KEK/LBNL collaboration)

R

May 25, 2010
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TE ‘Resonant BPM’" and i Nay 2328, 2010
Wave Transmission Setup

Amplifier

Isolator

Electron Clou

1"+ +# [nstalled Diagnostic | | \ Ay
Wigglers  [EESiPZE o N ' _
< \/_/ N &+ Heliax cables

for TE Wave

easurements

/

al ‘//VWIeaFing electrode after

shipment.fromg
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| lon Detector (ERL) SEY Station
—— 1" PEPII Chicane

Configured for

In Situ SEY

pl] g i 7 Q Megsurements
W/ i r\ﬁ"‘r:pgﬂ' i e Sample 1: Radial outside

™ 2 ~ Sample 2: 45° from
e & : radial outside
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) — ‘/PEPIIChicane

lon Detector (ERL) SEY Station

SEY of TiN-Coated Al Sample in CESR:
Horizontal Sample Location,
Center Measurement Point (#5) - 1-14-10 0 days

Configured for

18.9 = 2-2-10 14 days .
1.85
117'2 e 2-16-10 21 days In SItU SEY
16 e ‘e n ey Megsurements
1.6 St .
1_15% - 3-2-10 35 days
148 oo — e 3-16-10 49days [
s — 3-23-10 56 days
| >_ 13 "M
L 3 e etetseg,,
& 1.25 -
¥ 1t
& 11
1.05 [
1
0.95
9
.85
8
07
.65
2 Sample
5
0 200 400 600 800 1000 1200 1400 1600
ENERGY (eV)
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rzvRs

e L3 NEG Test Section
— Installed in April

APS RFA

— Confirm performance "f' LN
for ILC DR straights 45 2 L
,,f” o Central VC can be swapped
2 P | to accommodate various
NEG surface preparations
Adjacent chambers provide
sufficient pumping speed to
¥s avoid contamination of test
<P chamber during studies
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r' . § C-coated beampipe e Y Shie/dedl
with Solenoid winding = Buttons

& /B (| P -
B15W Dipole * ki S ‘ y '

Shielded

Cathode ,(\r

N éwg;"_i')b-""v,‘ ,\ \j » . u ‘P N ) J PICkUpS

f=s‘._e__2 =\ | ‘ N 15E/W test
- fE N chamber design
for coating tests
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Detector: InGaAs Array
Single-pass readout
Few micron resolution

New all-vacuum optics lines
Installed in collaboration with
CHESS:

* Positron line (shown) deployed

Detector box summer 2008
* Electron line completed summer

2009

Helium or Vacuum

Upstream

DownStream

High Vac

Source to Optics Box = 4.29 m,
Optics box to detector = 10.5m
m = 2.45

Source

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 14
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° Rlng RECOnflguratIOH 24BCESR_TA bunch-by-bunch tune, 45.6 mA, 45 bunches“mar110|9!172917
— Damping ring layout ol Tune shlfts for 4ns bunch

— 4 dedicated EC experimental regions spacing - feedback error S'g”? 3

— Upgraded vacuum/EC instrumentation

Tune (kHz)
® R
o [*2]
o
bor

'°?
e
;L;?'éf
—e—

—e—

« Beam Instrumentation e { } {{{I g oo
— XBSM positron and electron lines operational 244""""""5;{% $1.] - } """"" 1
« Continued x-ray optics and detector development YOI Eal SR Co_ur_t_e__sy ...........
— Digital BPM system operational g D Teytelman]

242 L 1 L 1
. . e 0 10 20 30 40 50 €0 70 80 20
« Continued effort on data acquisition and RF bucket (2 ns)

experimental data modes
— Feedback system upgrade for 4ns bunch spacing is operational

« EC Diagnostics and Mitigation
— ~30 RFAs presently deployed
— TE wave measurement capability in each experimental region

— Time-resolved shielded pickup detectors in 3 experimental locations (2 with transverse
information)

— Mitigation tests are ongoing

* Low Emittance Tuning and Beam Dynamics Studies
— Approaching target vertical emittance of 20pm (see following slides)
— Continuing effort to take advantage of new instrumentation
— Continuing to work towards providing low emittance conditions for beam dynamics studies

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 15
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« Will Highlight A Few Items
* Low Emittance Correction and Tuning

« EC Studies
— Build-Up and Mitigation

; CeEsrTA-Related Posters
— EC Beam Dynamics
: . MOPEOOQO7: J.Flanagan, etal., xBSM for LET & EC
— Simulation Program MOPEOQ88: S. De Santis, et al., TE Wave Measurements
MOPEQO89: M. Palmer, et al., BPM System for LET & EC
MOPEQ90: D. Peterson, et al., xBSM for LET & EC
MOPEQ91:. M. Billing, et al., Overview of Experimental
Techniques
Status Report on a TUPEBO14: Y. Susaki, et al., EC Instability Simulation
Work In Progress ! TUPECO77: L.Wang, et al., EC Trapping (Quads,
Wigglers)
TUPDO019:  G. Penn, et al., TE Wave Simulation
TUPDO022: J. Calvey, et al., RFA Modeling
TUPDO023: J. Calvey, et al., RFA Experimental Results
TUPDO024: J. Crittenden, et al., Beam Dynamics
. Modeling
My apologies to the WEPEBO058: K.Artoos, etal.,  CLIC Stability Tests
collaboration for the many WEPEQ097: M. Pivi, et al., ILC DR Working Group
things that there is no time to THPEO46:  J. Shanks, etal., LET
show!

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 16
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* The productivity of the program is determined by the
range of collaboration involved:
— Vacuum chambers with EC mitigation:
« CERN, KEK, LBNL, SLAC

— Low Emittance Tuning and Associated Instrumentation
« CalPoly, CERN, Cockcroft, KEK, SLAC

— EC Instrumentation
« FNAL, KEK, LBNL, SLAC

— In Situ SEY Station
e Carleton, FNAL, SLAC

— Simulation
e CERN, KEK, INFN-Frascati, LBNL, Postech, Purdue, SLAC

— Technical Systems Checks
 BNL, CERN, KEK

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 17
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14+ 06=42%

1. Collect turn by turn data with
resonant excitation of horizontal
and vertical motion

2. Fit BPM gains

3. Measure and correct .l
Orbit, with steerings 2 f

Frequency
(#]

100 BPMs x 4 buttons
Consistent with
amplifier specifications -

o

Betatron phase and coupling,
with quads and skew quads

4. Measure dispersion by resonant
excitation of synch tune

5. Fit simultaneously —

0 0.10203040506070809 1 1.11.2131415161.71819 2

Fitted gain

December Run —

coupling,vertical dispersion and Measured Ey =31pm with
orbit using vertical steerings and XBSM.
skew quads and load corrections MOPEO007
MOPE089
MOPEO090
THPEO46
| May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 18
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2 family sextupole Sextupoles optimized to minimize
. . : distribution resonance driving terms
Vertical beam size, measured with
X-ray beam size monitor vs tune 0.65 0.65
- Pinhole x-ray optic: a) b)
B,=17m at source limits c, 2 16um , ., 0.64
- Q.= 0.066
Oy~ 20 pm 0.63 0.63
= g,= 23 pm-rad ‘ ‘
”g" 0.62 0.62
|_
: 8
May Run: £ 061 0.61
o, = 18+5 um = '
=g, ~ 19 pm-rad 0.60 0.60
40
L% ]
5 0.59 0.59
g 30
=
20 0.58 0.58
054 055 056 054 055 056
Horizontal Tune Horizontal Tune

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 19
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Simulations: CLOUDLAND
— Code Benchmarking ECLOUD
POSINST

— Modeling EC Build-up

 RFA Modeling: Local data
= EC model parameters of surface

« TE Wave Modeling: probe regions not
accessible to RFA measurements (eg,
through length of wiggler)

— Coherent tune shifts

- Characterize integrated EC contributions
around ring

« Constrain EC model parameters
« Confirm inputs for instability studies

— Time-resolved Build-up

» Characterize the EC model parameters
in instrumented regions

— Improvements to EC Simulations

« 3D simulations in wigglers

« Simulations of SR photon production and
scattering

— Instabilities and emittance growth

- Detailed comparisons with data in the
ultra low emittance regime

 Validate projections for the ILC DR

Measurements:
— RFA and TE Wave studies to
characterize local EC growth
» Wigglers, dipoles, drifts, quadrupoles
« 2GeV to 5 GeV studies

» Variety of bunch train lengths, spacing
and intensities

« Studies with electron and positron
beams

— Mitigation Comparisons
 Drift, Quadrupole, Dipole and Wiggler
« See table on next slide

— Tune shift measurements and
systematic checks

— Time-resolved measurements
» Important cross-checks of EC models

— Instability and emittance growth
(W/xBSM) measurements

May 25, 2010

IPAC2010, Kyoto, Japan - TUYMHO02 20
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Al v CU, SLAC
CU, KEK,
Cu v v LBNL, SLAC
TiN on Al v CU, SLAC
¥ CU, KEK,
TIN on Cu v v BN GG
Amorphous C on Al 4 CERN, CU
NEG on SS v cu
Solenoid Windings v cu
Fins w/TiN on Al v SLAC
. KEK
Triangular Grooves on Cu v LI;:I:IJI’_, e
Triangular Grooves w/TiN on Al CU, SLAC
Triangular Grooves w/TiN on Cu LBNL SiAc
: CU, KEK,
Clearing Electrode v 5. SUAE
v" = chamber(s) deployed
May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 21
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TP T 45 bunches
Processed Cu ___ | 14ns spacing
< Pole center _| 2.2 x 101%bunch
: Sty After extended
scrubbing

COLLECTOR CURRENT DENSITY (nA/ mm
COLLECTOR CURRENT DENSITY (nA/mm°)

COLLECTOR NUMBER : ; - . CRIDVOLTAGE®) COLLECTOR NUMBER
12
—— prbeam E 2E-2W (CLEO
=== p-beam W
10 — e-beamE STRAIGHT)
=== g-beam W ) ’;___.__.1-"'
£ 4 /af”f 45-bunch train (14 ns)
E 1 mrad = 5.10%% ¢//m3 Similar
&6 e e .
2 Sensitivity: 1-10° e/m3 (SNR
: Y /m*SNR)_| | herformance
g 4
: observed
N See this afternoon’s MOPEOSS
o . . . . | posters for a discussion | MOPE091
0 20 o & 8O0 o of RFA modellng\_r TUPD022
- TUPD023 [—
May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 22
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* April 2010 Down May 23-28, 2010

Install amorphous C chamber (CERN) in location first occupied by Al chamber and then by
TiN chamber

e 1x20, 5.3 GeV, 14ns

120 -

100

oo
=
T

B0 -

40 -

Average collectar current density (nAmre)

20

0
a

Compare three different chambers (Al — blue, TiN — green, Carbon — red) that were
installed in 15E test location at different times

Both coatings show similar performance, much better than Al — Carbon (early in scrubbing
process) currently lies in between processed and unprocessed TiN.

Will make final comparisons for scrubbed chambers (July 2010 run)

120 e+, 5.3 Ge¥, 14ns, 15E Drift RFA 120 -, 5.3 Ge¥, 14ns, 15E Drift RFA

s {1 119/09 ()

s 11 /2809 (Unprocessed TiM)
20 3522410 {Fully processed TiM)
e 5610 (Carbon)

e | 11505 (A}

e 11/25/09 {Unprocessed Tik) e +

372210 (Fully processed Til)
e 0 /510 (Carbon)

e_

Average collector current density (nAmre)

| D |
160 a 10 20 30

1 1 1 1 1 1
20 40 G0 ll] 100 120 140 40 a0 G0 70

May 25, 2010 Beam cument (md) IPAC2010, Kyoto, Japan - TUYMH02 Bearn curtent (mé) 23



Run #2563 (Electrode Scan: 1=20=<2.8ma e+, 4GeV, 14ns): 01W_GZ2 Center pole Col Curs

Electrode &
Scan e
3deO to 4OOV

25—;

20—

collector current (ha)

200

T oq :
310 49 50 a0

Run #2567 (Electrode:0V, 1x20x2.6mA e+, 4GeV, 14ns): 01W_G2Z Center pole Col Curs

RFA Voltage Scan

Electrode @ OV

(4}
o
I

20~

collectar current (n&)

i -100

I 100

2
S :
R
B 9 45 200
(R

grid voltage (-Y)
May 25, 2010

collector number

clearing electrode ¢

IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan
May 23-28, 2010

« 20 bunch train, 2.8 mA/bunch
— 14ns bunch spacing
— Epeam = 4 GeV with wigglers ON

Effective cloud suppression

— Less effective for collector 1
which is not fully covered by
electrode

Run #2569 (Electrode:400%, 1:20<2.8ma e+, 4GeY, 14ns): 01W_GZ Center pole Col Curs

. RFA Voltage Scan,

collector current (né)
o
|

=100

100

grid voltage (-4)

collector number



Collector current density (nAmm?)

0sr

%) Cornell Laboratory for

Accelerator-based Sciences and Education (CLASSE)

1x45x1 mA e+, dns, 5GeY, Chicane Scan: Center vs Edge, Aluminum Chambe

Collector #1 (edge)
= Collector #9 (center) £ 10

1 1 1 1
2 4 B 8

Average collector current density (nd/rmime)

L3 Chicane (SLAC): Measurements & Simulations

IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan

—Plots are of the sum of
all collectors for 45
bunches, positrons, 4ns
spacing, 0,,,x = 2.0

—Dips are harder to

electron flux [nNmnﬂ

Mitigation Comparisons

Al (+20) vs TiN vs TiN+Grooves

018+
Grooved, Tik
0.16 . TN
014 A0
012 ¢
01
0.08 R
0’ ”
| > M
0.06 » ‘W‘««*“’
0.04 -
. [ + &‘
,o“"*"‘“ */ T
0.02 - +* “f.:w et
Yol ‘wﬂ"“" **“‘“’,...3’"' :
] ﬁi&ﬁw‘” .‘: 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45

Beam current {md)

reproduce .
-~ g

g 0§ B

Sum of Collector Currents (nA)

~
I~
8
Ld
.

May 23-28, 2010

Cyclotron resonances can be reproduced in
both ECLOUD and CLOUDLAND

2

=
£n

3 5,
n

CLOUDLAND
(L.Wang)

ECLOUD

R T -
vl TR Ve Teral | (J., Crittenden)
1000 -
A |
L 50 100 150 200 250 300 350
B Field (G)

1010, Kyoto, Japan - TUYMHO02
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* 1x20 e+, 5.3 GeV, 14ns Longitudinally grooved

— 810 Gauss dipole field surfaces offer significant

— Signals summed over all promise for EC mitigation
In the dipole regions of the
collectors

damping rings
— Al signals +40

120 e+ Current Scan, 14ns, 5.3 GeV', Un-normalized 1320 e- Current Scan, 1dns, 5.3 GeV, 810 G Chicane, Un-normalized

ka
1

— 1A
m—— Til Coated
e Grooved + Tilk

—— 40
m— Til Coated

.
oo
T

=
.
T

DE 1EL DE e Grooved + TiM
z z
=T =
it it
T 12F =
= =
= =
T 9t £
= =
[ [
S naf g
() ()
a a
o 06 o
ri] ri]
[zl [zl
= =
ei] ei]
I I

=
Fa
T

//

| 1 | | | |
a 50 100 150 200 a 50 100 150 200
Beam current (md) Beam current (md)

[}
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« Left: 20 bunch train e+
* Right: 45 bunch train e+ If‘> Clear improvement with TiN
« Currents higher than expected from “single turn” simulations

— Turn-to-turn cloud buildup
. . i i TUPDO023
— Issue also being studied in wigglers TUPECO077
10 e+, 5.3 GeV, 14ns, Quadrupale RFA 1545 e+, 5.3 GeV, 14ns, Quadrupole RFA
120} AT
qg L | — 1172509 (Al
< 100k — 342210 (Processed Al 4
£ I Rt T UL
2 2
g r zo5f
S Eof % 20t
2 e 11,£18/09 (A 2
5 al 322010 (Processed A) | 2 15T
5 e 4125110 (TiN) 5
@ 5 o}
<ot 5
5 -
ks / ) |

1 1 -
0 &0 10 150 200 0 10 20 a0 40 a0 50

Beam current (ma) Beam current (mA)
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Hasiton Buneh Reslii 118 Sae S Hotal Gl et IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan
3 4.0 GeV Conditions Button Bias +30V May 23-28, 2010
45 bunch train Witness Bunch Studies:
| 4ns bunch spacing EC-generating Bunch
P ~2.3%x10%° e+/bunch Trailing Probe Bunch
: m: = . ' ' Electron Cloud Decay TIme I
‘“F I! . rat! N Using 2 Positron Bunchesyat 5.3GeV v

Time (50ns/div)
Positron Bunch Train 1x45 4ns 64mA Total Current

Leading Bunches
0.050

0.000

= T ‘h
2 0050 | - - - . NA 5 i
e -0.05 / '
o

Signal from
1* Bunch 2 Bunch Spacing

Volts (50mV/div)

Volts ( 50mV/div )

-0.150 JI 7

-0.1

(@)
O
-d

—14ns
== 28ns

L . 42ns
Overlay all 2™ Bunch Signals _55:,

==70ns
84ns

Comparisons with e- and e+ beams are
leading to adjustments in our PEY model

-0.2
1.710E-06 1.730E-06 1.750E-06 1.770E-06 1.790E-06 1.810E-06 1.830E-06 1.850E-06

-0.15

Volts (50mV/div)

Time ( 20ns/div )

Higher BW Version of CERN Technique
Mahners, et al., PRSTAB 11 094401 (2008) MOPEO91

Time (10ns/div)
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. May 23-28, 2010
« Measurements of bunch-by-bunch coherent tune shifts:
— Along bunch trains and with witness bunches
— Positron and electron beams

— For a wide range of: Beam energies
Emittances
Bunch currents
Bunch spacings

Train lengths

* Methods: Excite coherent oscillations of whole trains using a single-turn pinger
Observe tune of self-excited bunches (Dimtel system diagnostics)
Excite individual bunches using a fast kicker

« Comparison with predictions (dipoles & drifts): POSINST
ECLOUD

* Fit all data = 6 EC model parameters. Peak SEY
Photon reflectivity
Quantum efficiency
Rediffused yield
Elastic yield
Peak secondary energy
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Example: Positron Witness-Buneh Study at 2GeV

Peak SEY Scan

IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan

May 23-28, 2010

Coherent Tune Shifts (1 kHz ~ 0.0025), vs. Bunch Number
- 21 bunch train, followed by 12 witness bunches
- 0.8x101° particles/bunch

- 2 GeV.
- Data (black) compared to POSINST simulations.
Train
A QKkHz)
< > §
0.8 ii
| aL
.i il.'! :
06 HaT . Witnesses
LT >
il e
4]
0.4 '.'. i "
je Caala
. CCRL 1 Y
.l & § ]
02' :l . :'l @ .
‘. - .i l. .
v L Y t b - @ o
4 ¢ o
o § .0"""""‘ ey H H BT B
.T'};Q""“'.......... : # ¢ . Bunch
10 20 30 40 number

@ Data: horizontal
SEY=2.0 | Data: vertical

@ Simulation 1: horizontal
SEY=2.2 | Simulation 1: vertical

@ Simulation 2: horizontal
SEY=1.8 |l Simulation 2: vertical

@ Simulation 3: horizontal

I Simulation 3: vertical

MOPEO89
TUPDO024
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14 ns spacing May 23-28, 2010

Measure coherent train motion

Photon reflectivity from best fit to data Peak Secondary energy (eV)from best fit to data
Peak Secondary yield from best single-parameter fit to data 2007-2008 data, single paramete%“: * 2007-2008 data, single-parameter: o
2007-2008 data: 2009 data: o 2007-2008 data, two-parameter with peak SEY: e 2007-2008 data, two-parameter with peak SEY: ¢
Peak Secondary 2009 data, single-parameter: e 2009 data, single-parameter: ¢
yield Photon Peak Secondary
r reflectivity energy (eV)
24 0.20 - .

360

(R o] = e |
20 t [3 Reference [ T 320 l I l

0.10 300 I I { Reference

o

].67 Data 280 -
[ [N 0, O Q, type 0.05 , , . Data
w i WIUeSS witness L R R N M N tpe 260 : : - Data
train train ~ Wilness witness  train  witness O« Oy Q!‘ o3 O [ type
train train witness  witness train witness
Rediffused yield from best fit to data Elastic yield from best fit to data Quantum efficiency from best fit to data
2007-2008 data, single-parameter: e 2007-2008 data, single-parameter: e 2007-2008 data, single-parameter: =
2007-2008 data, two-parameter with peak SEY: =« 2007-2008 data, two-parameter with peak SEY: -« 2007-2008 data, two-parameter with peak SEY: *
2009 data, single-parameter: e 2009 data, single-parameter: < 2009 data, single-parameter: e
Rediffused Elastic Quantum
yield yield efficiency
04 07
I f 0.14] *
I 06/ L
| - R
[ % I I l ¢ s 0.12
| Y # 0.5 T T H Reference
021 L [ Reference %
f - Reference 04l { 0.10 I
0.1 t [
I p 03 008 -
| . [ r Data
00 ‘ Data 02 ‘ Data 0.06 ! ! t
£ 0, [ [ Qy 0y type Q. o, [eN Q, Q, o, type [e8 O O« [eX Oy Oy ype
train train  WIthess  witness  train  wilness train train ~ Wilness witness  train  witness train train ~ WiINess  witness  train  witness

The ability to obtain a set of EC model parameters which works for a wide range
of conditions validates the fundamental elements of the cloud model.
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Comdllabomonyfor | n(cis Synchrotron Radiatien“Stmulations

R SYN RAD3 D (Sagan et al ) - com puteS IPAC10—1st International Particle Accelerator Conferen?\ih?)z/gitaz,g\?z%ig
the d I re Ct and reﬂeCted SynCh rOtron Ref{ectivity 8 nm Al,O5 layer, 2 nm surface roughness, on Al substrate
radiation distributions

— Parameterizes X-ray scattering data from the
LBNL online database.

— Provides azimuthal distributions around the {
vacuum chamber of photon absorption sites a4}
at each s position around the ring. |

* Results needed to understand photon
distributions in CESRTA instrumented
vacuum chambers Photon energy (V)

— Resulting photon distributions show significant . SBEND
differences from typical values obtained from

ive spectrum, wiggler, 2 GeV

2 deg'grazing angle

Dadne data, 5 deg

ectrum, arc dipole, 2 GeV

1
800 1000

8000 |

quels which ignore refleption; - bot.h in | P=0.75 P=0.5 P=0.25
azimuthal and in longitudinal distributions
— For CesrTA simulations, photon rates in key P=+1 P=0
areas can vary by a factor of several
« Work underway to incorporate | P=0.75  P=05 P=025

these results into the RFA and
Coherent Tune Shift analyses |

o . Seqled Perimeter
0.5 0.0 0.5 1.0
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° _lhv/o _ IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan
Bunch-by-bunch measurements - xBSM My 2326, 2010
* Single-bunch (head-tail) — spectral methods and growth rates
« Multi-bunch modes via feedback and BPM system
* Modeling: KEK-Postech (analytical estimates and simulation)
SLAC-Cornell (CMAD)
Frascati (multi-bunch instability)
 Current scan in 45 bunch positron train = Look for onset of head-tall instability
« 2 GeV Low Emittance Lattice, 14ns bunch spacing - ?
: _[Spect
F, & Head-Tail Mode spectra (expected at F, + F,) | Apfaﬁggr]
— Synchrotron Tune ~26 kHz ‘ . BPM >
40 kHz L TRE LM, Tune Receiver |
-56. 500 dsb 00 dEm HP 3588 VERT: 025630.706 20100511 o6 200 dem TTHp 368 VERT. 029742 667 Hiiinos1y
3 A
1.3 mA/bunch
2.1x10%+/bunch F, 50 dB MOPEQ9L
o2/dtv - Head-Tail- Mode| | =
263 KHz @ F+F,
Bunch #1 Bunch #25 Bunch #40
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 Measure Bunch-by-Bunch Beam Size

Same current scan as on preceding page =2so

Beam size enhanced at head and tail of train

Source of blow-up at head requires further

investigation (resonance? other?).
Beam lifetimes (Touschek) consistent with
center of train having smallest size.

Beam size measured around bunch 15 is
consistent with ¢, ~ 20pm-rad (c,=11.0£0.2 pm,

Bsource:5'8m)

1 Train, 45 Bunches, 0.5 ma/bunch

IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan

T
size
RMS position

0.8x1010 e+/bunch, MOPEQO7
¢ 150 - 100 turn averaging MOPE090
3
2 100 1
50 | T
| . B e e = e A
Consistent o 5 10 15 20 25 30 235 40 45

with onset

Biirneh AMiimbaay

1 Train, 45 Bunches, 1.0 m&/bunch: Bunch 1 Ofinstat“”t-‘*~.£;ziifn' 45 Bunches, 1 mA/bunch
C' CIB . . 1%’0 .
‘ data Needs f =
0.07 t Single Turn Fit it further 140 firses A
_ 0.06 | Bunch 15 1. L i
a investigation »
H 0.05 | ] @ 100 0 p
= 5 ool - 1.6x10%% e+/bunch y
g 0081 AT © ' 100 turn averaging/
g = 60 | ¥ .
o Ao - ; : 40 t .
= Consistent
with —=221 )
,D 1 1 1 1 1 | _ O |
0 5 10 15 20 25 30 35 20 pm-rad 0 5 10 15 20 25 30 35 40 45
Pixel Bunch Number
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0.09; 1 « CMAD simulation (Pivi, Sonnad) May 23-28, 2010

R I e 1 » CMAD: tracking and e-cloud beam instability parallel
p ' - -
L I et code (M.Pivi SLAC)
- p_ ’ . . - . .
g 0.0 | T p5.0010 — Distribute EC in every magnetic element of ring: ~1,000
%0_05_ avg p=0.0¢10 elements including drift, dipoles, quad, sext, etc.
‘lgf o.0al — Apply beam-cloud IP in every element
> 0.03; CESRTA | Application to ILC DR
0.02} L attice: L x10" DCO04 lattice: 6.4 km ring
001/ / cta_2085mev_20090516 | ' avg p=2.5e11] 25011 g\
avg p=2.2e11
0 ) . avyg z=2.0911
0 200 300 25 avg p=1.7e11 .
Tu\r&n Number avg p=1.5e11
0.7 p— ———avg p=1.2e11
-uE_.; ———avg z=1.2e10 2.2ell
e 1.3 avg p=0.0e10 1
0.68; =
g =
&
0.861 E 1L _
4
._ =
0.64 g
- 0.5 ot
Also see: Clzﬂd ; BN —
TUPEBO14 060l . 7 s % 100 200 300 200 500
0.46 \ 0.48 o.fo 0.52 / 0.54 0.56 “:;.:‘o.sAa g Turn Number
Qx

May 25, 2010 IPAC2010, Kyoto, Japan - TUYMHO02 35




) Cornell Laboratory for

\:: Accelerator-based Sciences and Education (CLASSE)

IPAC10—1st International Particle Accelerator Conference, Kyoto, Japan

« The CESR reconfiguration for CESRTA is complete May 23-28, 2010
— Low emittance damping ring layout

— 4 dedicated experimental regions for EC studies with significant flexibility for
collaborator-driven tests

— Instrumentation and vacuum diagnostics installed (refinements ongoing)

« Recent results include:
— Machine correction nearing our emittance target ¢, ~ 20pm
— EC mitigation comparisons

— Bunch-by-bunch beam size measurements to characterize emittance diluting
effects

— Extensive progress on EC simulations

 ~50 machine development days remain in 2010. Will focus on:
— LET effort to validate our target emittance of ¢, < 20pm
— Continued EC mitigation studies
— Continued EC simulation effort

— Detailed characterization of instabilities and sources of emittance dilution in the
ultra low emittance regime

— Application of our results to the damping rings design effort

* |ILC DR Electron Cloud Working Group
— Baseline mitigation recommendation for ILC DR targeted for October 2010
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May 23-28, 2010

Thank you for your attention!
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