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Attain sufficiently low vertical emittance to enable exploration of

- dependence of electron cloud on emittance
- emittance dilution effect of e-cloud

e Design/install low emittance optics (1.5 <E, ., < 5.0 GeV)
— Exploit damping wigglers to reduce damping time and emittance
* Develop beam-based techniques for characterizing beam position monitors
— BPM offsets, Gain mapping, ORM and transverse coupling measurements ==> BPM tilt
e Also for measuring and minimizing sources of vertical emittance including
— Misalignments
— Orbit errors
— Focusing errors
— Transverse coupling
— Vertical dispersion
e Develop single bunch/single pass measurements of vertical beam size
e C(Characterize beam current dependence of lifetime 1n terms of beam size
 Measure dependencies of beam size/lifetime on
— Beam energy
— Bunch current
— Species
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Twelve 1.9T wigglers in zero dispersion straights yield 10-fold reduction
in radiation damping time and 5-fold reduction in horizontal emittance

Wiggler locations

B5mes/20081107 lat \\

Plot file: BZ:BETA_QREIT,FPCM
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Status of Accelerator Optics

CTA Optics, 28-Sep-2009

All at Q, = 14.57, Q, = 9.62

Lattice [cta_] E[GeV] | Wigglers g [nm] | Polarity | Status

(1.9T/pm) of QO
1800mev_20090607* 1.8 12/0 2.3 HF e+ inj/ no ramp
2085mev_20090516 2.085 12/0 2.5 HF e+/e- inj] & xBSM bump
2300mev_20090608 2.3 12/0 3.3 HF e+ inj/ no xBSM bump
3000mev_qOh_20090822 3.0 6/0 10 HF e+ inj & xBSM bump
3000mev_q0v_20090821 3.0 6/0 9.8 VF e+ inj & xBSM bump
4000mev_20090814 4.0 0/0 42 VF e+ xBSM bump /no e-
4000mev_23nm_20090816 4.0 6/0 23 VF e+ xBSM bump/ e- inj
5000mev_pmwig_20090314 5.0 0/2 90 VF e+/e- inj, e+ xBSM
5000mev_40nm_20090513 5.0 6/0 40 VF e+/e- inj, e+ xBSM

* Orbit/phase/coupling correction and injection but no ramp and recovery

In all other optics there has been at least one ramp and iteration on injection tuning and

phase/coupling correction
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Measured Quadrupole Vertical Offsets
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Sensitivity to Misalignment

Effectiveness of emittance tuning depends on
magnet misalignments and BPM performance.

We 1nvestigated correction algorithms assuming various combinations

of survey errors and BPM errors

Parameter Nominal | Worse Status
Target (90% | Sept. 09
Success)
Element Quad/Bend/Wiggler Offset [um] 150 300 134
Misalignment
Sextupole Offset [um] 300 600 < 300
Rotation (all elements)[urad] 100 200 160
Quad Focusing[ %] 0.04 0.04 0.04
BPM Errors Absolute (orbit error) [um] 10 100 100
Relative (dispersion error®)[um] 8 20 40-50
Rotation[mrad] 2 ~10
(Button to Button Gain errors)

*The actual error in the dispersion measurement is equal to the differential
resolution divided by the assumed energy adjustment of 0.004
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Vertical emittance (pm) after one-at-a-time fit:
(Orbit then dispersion then coupling )

Magnet BPM Errors Mean |10 90% 95%
Alignment Success | Success
Nominal None 1.6 1.1 3.2 4.0

“ Worse 2.8 1.6 4.8 5.6

2 X Nominal | None 7.7 5.9 15 20

“ Nominal 8.0 6.7 15 21

¢ Worse 11 7.4 20 26

With nominal magnet alignment,
we achieve emittance of < 6 pm for 95% of seeds
with nominal and worse BPM resolution
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1. Measure and correct orbit using all dipole correctors
2. Measure and correct betatron phase and coupling
using all quadrupoles and skew quads.
3. Measure orbit & coupling & vertical dispersion
4. Fit simultaneously using skew quads and
vertical steerings

Min (Zijk {w,lkick;]* +wy [k]* + w,[An, ]° + w [C,]? 1)
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Modeling of correction procedure

Magnet BPM Fit Ay,n,,C;, Mean (10 |90% 95%

Alignment Errors Success | Success

2 X Nominal Worse | One-at-a-time 11 74 |20 26
Simultaneous 6.5 6.7 |9.6 11.3

- 2 x nominal survey alignment
- 20 um relative and 100um absolute BPM resolution

- 2 mrad BPM tilt
— Correction algorithm yields tuned emittance < 12 pm for 95% of seeds

Alignment 1is close to nominal
BPM resolution between nominal & worse (initial state of new system)

but BPM tilt ~ 10mrad (systematic measurement error)
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Low emittance tuning
Experimental procedure

LET - initialization

-Measure and correct orbit
using all dipole correctors

-Measure B-phase
and transverse coupling

(Phase measurement insensitive
to BPM offset, gain,
and calibration errors)

Measured with older

| Hlorilzr::r?tull F'Il"mlseIll,'n:jlelq',lI I'Ellutlo - I;Iealiqr'll] |

20058—]aN-0E 16:59:18

7 CTa_2035MEV 20081107
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Re=tf: MOME

CESR Set 126030

Foute: 45_CHESS _STAMDARD
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fverage = 0000

RMS = 4.366
Average = D.OOQ

.10 4 EMS = Q032
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[ D'DE' =
g o0 =
] .
(N 4

relay BPM system Measurement at January 09 startup
after 2 month CHESS (5.3GeV) run
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ch:-rilzt::rlwtull F‘IhulseIl'flzjleuu',lI I'Ellutlﬂ - I;lesl.l'qr'll] |
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Ref: MOME
CESR Sel: 126545
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RS = 12103
fyerage = 0000

Low emittance tuning
Experimental procedure

LET - initialization
-Measure and correct orbit

RMS = 1.323

U.SiIlg all 1|:|_— ] dvergge = DLOOQ
dipole correctors - I P A . -

- Correct B-phase using — & Ere T mmemtsnns T '
all 100 quads e

Remeasure (\/{A@2) < 1.5°) o6 e % % 8w 1o
-Correct transverse coupling

llSiIlg 14 skew quads. \ .10 l :Cb:]r |[D?m| — D?Elgnll 1 ] RMS = D008
— 4 Awverage = D.001
Remeasure (1/(C%) ~ 0.6%) ¢y Boo .
S o
£ -
s =
Measured with older ot -

relay BPM system

P-phase and coupling after correction
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Low emittance tuning

Orbit .
A feature of the orbit is the closed _
horizontal bump required to direct
xrays onto x-ray beam size monitor =

o 0

-Measure and correct vertical dispersion
using skew quads (14) and vertical

steering magnets (~60)

Residual vertical dispersion —— — | CeRrrrmee
RMS ~ 2.4¢cm - Signal or systematic? 0. Vertical Dispersion (m) [Data]
Accuracy of dispersion measurement is o o1} K 1
limited by BPM systematics g oFx o e e
-1 - :
Measured With Older _D.zl:l I 1!3 I Zil:I I 1) I +ID I EiD I EC I T-"!CI I Eil:I I GG I

relay BPM system

Measurement and Correction
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xBSM bump

M5 = {835
Aegrage =  DLOBS

2008—JdaM—28 00:30:11
CTa_20RSKMEY_20081 107
Dat: eta.OCE35

Ref: MOME

CESR Set: 126345

RMS = 0957

fvaragqe = 0,758

EMS = {L0Z4

1 Awverogs = —0.003

N, =2.4 cmrms

Note: Residual vertical dispersion 1 cm, corresponds to &, ~ 10pm
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Horizontal Dispersion (m) [Dota]
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e For each x-y position in the BPM there is a corresponding set of
button intensities. B, =1 F,(X,y)
- Measure B, and invert to find x,y
- If there are gain errors g then
B;/g; =1F(x.y)
- Multiple position measurements allow

a best fit determination of g,

- For measurement j

— offset
bg_gf']j'Ff(xj: yj)—l_bf

X2 — Z (b(gmea.s) _ b(;i'odel})Z

e Initial measurements and analyses have been completed to test the procedure.

* Another set of measurements will be undertaken after the final CBPM modules
are installed.
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Correlation BEetween Fitted BEPM Tilts in
Data Sets Before and After Skew Quad Change

BPM tilt = y=0.43204 + {1.0268x R=0.95736
- “measured” n, ~ Oy, 100 :
where 0 = BPM tilt | /

50

Since <n;> ~ lm, BPM tilt
must be less than 10mrad
if we are to achieve n, <lcm

Data Set 2 Tilt (mrad’
L]

-50

. / Measured with older
We use ORM and phase/coupling -0

¢ relay BPM system
measurement (Jan. 2009)
150 | i |
to determine 9: -150 -100 -50 0 50 100 150
Data Set 1 Tilt (mrad)
ORM data set ~ 140 measured orbit differences Correlation of fitted BPM tilt (6)
- Take data set 1 AO < 10 mrad
- Vary 8 skew quads and repeat[]
- Take data set 2 Consistent with ogpy,(Ax) ~35um

Fit each data set using all quad(k), skew(k), BPM(0)
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Alternate Method via Measurement of C,,, C,,, C,,

discriminates BPM tilt and transverse coupling (since C,, independent of tilt)

C,; & C,, measure tilt of Cbar [Daota — Design] | jrmjted+
- - T T T T TRy T T T T T T T ] odn—JaN—26 Q05550
beam e]hpse ] D08 d  ©Ta_2085MEY_20021107
hich 4 b E 0 E EE:E: PEJE?JEEE'D?EEQ
(which can easily be & -vos q CESR Set: 126345
. . iy L 3 RMS = Q.77
confused with tilt of BPM) ~ -t H— heage = oot
C,, measures component of g — thmiteds o o s
. . . ] g & - —0.072
vertical motion thatisoutof — **g |~ ] Averaga
. . [ Mo P o e e e e — el Pyl . o : =
phase with horizontal 2 n0s =
( ~ insensitive to BPM tilt) — —*'" :
*
_ DI0EYT J EMS = 4.ins
— D5 - Awerage = —0.0D13
— 3
. o E
Measured with older £-oes =
=10 1 3
¥ 1001

relay BPM system

Quality measurement of C;; & C;, would give a direct measure of tilt
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Cata and ref are an untouched machine several minutes and
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Coupling & V Dispersion Controls

Measurement o—_———————— . 3
With x-bsm \ sbsm - pinhole  --3f-- HF.-’
Pinhole optics S g
,-*"’j; 1
rrr"‘.:}s;.
@ =4
20 /
Model — w}
- NO errors | |
] 200 1040 LK} 100k 200 S0
Counling 1 CL

Coupling_1 - closed coupling bump -

beam size changes due to vertical emittance and
finite vertical dispersion at xbsm source
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Touschek lifetime

CesrTA operates in a regime where lifetime is current dependent
Intrabeam scattering kicks particles outside of energy aperture
Touschek lifetime depends on energy aperture

dl _ 17y 172
dt I bI 0.16 —— . — .
o Nominally corrected - low emittance
Uripp o 1l 1 1p  Olep [ DepeinCopingum ni
[Teff=—Tar =ctol _ _ or voltage 3. |
- 0.12
=
% 0.1 F 1
g
*E 0.08 r .
The Touschek parameter (b) decreases with: g 0.06 F .
- increasing beam size 5
5 004t -

(introducing 1, in damping wigglers)
- increasing bunch length 0.02 -
(reduced accelerating voltage)

0.5 1 1.5 2 2.5 3
Bunch current [mA]

3.5

Oct. 2, 2009 2009 Linear Collider Workshop of the Americas

21



Cornell University

Laboratory for Elementary-Particle Physics Dynamic Energy Ap erture

SURVEYFLATTEN_CTA_Z2085MEY_2008 1107.LAT_M

Interpretation of lifetime measurements requires aa 7005 75810 om0
. 15 a_cir.pcm
knowledge of dynamic energy acceptance ~————, -
. . qe iﬁE/EfO‘m O_x = 055397546314
Tracking study indicates energy acceptance ~1.0% —_ /RSO0 T pemnrredhse
. . . . — 3 {e=lum) 0.z = -5 164
Tracking model includes: 1) magnet misalignments £ oo R
2) wiggler and quadrupole nonlinearity  3) orbit errors =
A8 g | —
Nonlinearity of dipole correctors and sextupoles %
has not yet been included. o ;
g L i
T | g
|._® €
1B © 3 _|
I >
14
12 : 0 ‘ & ! :
~ ' 15 -10 -5 0 5 10 15
£ 10 horizantal displacment (mm)
g | :
£ Determine energy acceptance
: | AEE=0.8% | experimentally by measuring
. —~— lifetime vs energy offset
) I \
¢ \ AE/E~1/ot, (Afp i/t
0—® ¢ L s d ! ( “ RF)
05 06 07 08 09 —Energy acceptance > 0.8%
Delta E/E [%4]
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Calculate Touschek parameter vs accelerating voltage for:
- dynamic energy acceptance 0.8% < AE/E < 0.9%
- g, (zero current): 0.5% ¢, = ¢, = 1% ¢,

With IB S S Arcelerating Voltage vs. Touschek Parameter |BS Ratio=.002
. . ,E"“ﬂa““x‘_‘ —— 1293 pm, 8%
- aSSuming zZero current SV 1S ial f,"’ Do _ | —G--2586pm, B
due exclusively to residual 1, L J/ ) o e
. . ’#/’;F:FH Hhﬁﬂ__ﬁh @ 12 Jan 2009
The lifetime measurements £ 14 / Sl Lo 13umanms
. z P s e
suggest zero current beam size s K jx"’*“w s R
E Bk s oy
setby €, < 12 pm 2 4/ i
£ 0 & W B
Zo0sf £
Plan to measure 8 08 ,;; / § F
L)
. . 0E s &
- vertical emittance /¥
. . i
- and lifetime vs bunch current g
d
I:IEIII.S 1 1.5 2 2.5 3 3.5 4 4.5 5 55
Strong energy dependence for bt Voo ()

- Touschek lifetime ~ E?
- IBS emittance dilution ~E*  To measure dependencies: 1.8 to 5.3 GeV
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Priorities from workshop: Critical & Very High
(Moderate priority items not included below) [work undertaken]

e Precision dispersion and coupling measurements
= Requires CBPM II modules [80% installed]
e Low emittance tuning controls
= Coupling controls [designed, partially tested]
= Vertical dispersion controls [basic design finished]
= Low strength sextupoles (uniform) [installed]
e [nstrumentation
" BPM - tilts - C,; & C,, vs C,, [preliminary studies complete]
= Measurement of betatron phase advance for
different bunches in a train [software testing underway|
= xBSM - xray beam size [see DPP talk, next]
= vBSM (visible light beam size) using interferometer and vertical
polarization [imaging functional, studying detector tilt, data analysis underway]|
= Touschek lifetime measurements [analyzed at one energy, TBD at others]

Oct. 2, 2009 2009 Linear Collider Workshop of the Americas 24



A Cornell University

:T Laboratory for Elementary-Particle Physics Obj ective S : Rep ri S e

Attain sufficiently low vertical emittance to enable exploration of

- dependence of electron cloud on emittance
- emittance dilution effect of e-cloud

e Design/install low emittance optics (1.8 <E, ., < 5.0 GeV)

— Have loaded and corrected optics at all energies
e Develop beam-based techniques for characterizing beam position monitors

— 80% CBPM installed; offsets measured, 1t Pass for Gains/Tilts via ORM ==> BPM tilt
e Also for measuring and minimizing sources of vertical emittance including

— Misalignments - Survey: important errors within specs

— Orbit errors - Standard quad centering procedure for BPMs

— Focusing errors - new CBPM: ¢,, ¢, < 0.2 degrees

— Transverse coupling - new CBPM: C, reproduces to 0.01 as needed

— Vertical dispersion - new CBPM: 1, reproduces to 5 mm as needed
» Single bunch/single pass measurements of vertical beam size - first data taken
* Beam current dependence of lifetime in terms of beam size - preliminary data

e Measure dependencies of beam size/lifetime on - to be done
— Beam energy
— Bunch current
— Species
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