¥ Cornell University

5/ Laboratory for Elementary-Particle Physics

Turn-by-Turn Electron Injection Trajectories and

Efficiencies with Injected-beam Energy Offset
-- Lattice: chess20150106 ele827 newund 10mA (SW) --

-- Single electron injection against current operating positron bunch train configuration --
-- Five positron trains @ four bunches with 10 mA/e+ bunch (170% of present operating current) --

-- Includes effects of ring magnet multipoles --

** Found backswing bump HBump 65 at Q28E previously had wrong sign **

** New results now compatible with Suntao's analyses **

Jim Crittenden
CHESS Simulation Working Group

@T%f} 30 March 2015
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Horizontal Clearance Definitions

GX (Synch, e-, 34E): 3.6 mm

Nr GX Synch wall clearance: 2.0

Septum wall thickness: 3.0 mm Injection amplitude
Injection error tolerance: 2.0 mm
57.1—-34.9 =222 mm

==> |njected beam position: -57.1 mm

O (CESRe-, 34E);: 2.5 mm Suntao's convention
X | o omits pulsed bump

Nr © CESR wall clearance: 4.0
X 57.1 -20.7 = 36.4 mm

Pretzel amplitude (e-, 34E): 14.2 mm

==> Pulsed bump amplitude: 20.7 mm
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7] QoallUitacity Synchrotron beam model parameters

) Laboratory for Elementary-Particle Physics

Same as SW tune scan injection simulations

(See ST talk at CHESS retreat on 20 June 2008
describing measurements of 8 January 2008)

H A%
P (m) 2 20 o =3.6mm o.=1.3mm
o 0 0 X Y
v 0.05 0.05 c,=0.18mrad o, ,=0.066 mrad
M (m) 1.2 0 o, = 17.3 mm G, /E = 6.6e-4
n' 0.094 0
€(m-rad) 0.6e-6 0.086¢-6

On-energy 40-turn efficiency
25.6%11.6%
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Effect of CCU on

'; abDorator or ementary-Particle h sics [ ° °
e erEEmean R A 40-turn survival efficiencies

(3
¥ Cornell University

Injection efficiency with

Injection efficiency with
CCU elements off

CCU elements on

Tunes H/V: 98/317 kHz Tunes H/V: 99/317 kHz

No energy offset 25.6+1.6% 27.8+1.6%
22.6=1.7% 23.9+1.6%

The effect of the CCU elements is small, except at large energy offset.
Machine Studies 24 February 2015

The measured improvement 0 MeV (-0%) 15%
-10 MeV (-0.19%) 20%

with energy offset 15 Mev (-0.28%) 20%

is not apparent in this model. EEIRYERERETA 16%
-30 Mev (-0.57%) 0%
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Cornell University Undulator field integral population

Laboratory for Elementary-Particle Physics

(Electrons reach CCU 2 before CCU 1)

Incoming and outgoing coordinates for all ( )
turns are plotted for CCU2. AO X X

Horizontal variation of vertical field integral
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The black points indicate electrons which
were lost between the CCU2 entrance and
LO.
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The CCU field integrals do not pose a significant limit on the injection efficiency in the model.
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Cornell University
Laboratory for Elementary-Particle Physics

Injection efficiency with jll Injection efficiency with

BBI 100% (200 mA) BBI 60% (120 mA)
Tunes H/V: 98/317 kHz Tunes H/V: 99/316 kHz
6 6% / 0%

Effect of BBI

Injection efficiency with
BBI off

Tunes H/V: 102/313 kHz

Lattice is apparently optimized for non-zero positron current.

The modeled efficiency is somewhat better than observed for operating

conditions.

The effect is not large.

Have we over-emphasized the BBI effects in the lattice design?
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Cornell University Turn-by-turn critical apertures

Laboratory for Elementary-Particle Physics

for electron injection

Energy Offset 0% The losses occur predominantly during

S EERNEEEEE L R R the first three turns.
Pso B 2§ Y o o o 3 00 - OVFLW 6700 ||
100 = wo | B The modeled vertical aperture is
500 = [ All . £ 3.5 mm at the scraper and
o E P T I IV 1 P [ 1y M_E o 1 1 I TR T I AR AT i 5 mm at the collimat()l’.
2;-' IEIETI N |:£|w§| IEI'S{:)I %I H 30 a_—l T 2| T T L ‘T T '|s T I_l_'f? The modeled upper and lower apertures at the
30 B 808 83y o3 3 a!_i y : P som | two ends of each undulator range between 2.0
2 E E f ] and 2.5 mm.
- - = -
0 3 : .
- | | | - o | U"‘f””““””l - About 47% of the losses are at the 43W
C i | | | 1 1 | 1 | 1 1 O | | 1 1 1 I 1 1 | 1 | 1 1 1 .
za:: 0 00 400 600 "o 7 4 & s 1o scraper or the 43E collimator.
—=I I&I g T BzI I& | [.é]l Ilgl E T l'gl —OE g T T | LI | T T l?I | T T | T T E
rsa%%@%%&a&aj @ E oy M 0
s = s E E About 50% of the losses are at the
0 = 1 e F =N horizontal apertures at Q10E, Q28E and
50 ;_ _; I¢ — AW scraper —z Q38E.
o A 1 I 1 I I P Y O PO A = o Bl By I cl w03
0 200 400 660 ] 2 4 6 § 1o
NS NI [ W e L L L B LA The losses at the undulator occur
6o B Y Y X YR Y 8§54 e0f oveLw asm | imaril he iniecti
i ] . primarily on the injection turn.
40 - - 40 —
0 b 1 2} PPN 290 of the injection-turn losses occur at
0 : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I: 0 :I 11 | | I | I_ 1 11 | 1 11 I_ 1 1 I: the 43E cOllimatOr, 12% at the undulator,
0 w0 do6 o0 L LN 10%6 at the 43W scraper, and about 50%
S Position Where Lost (m) Turn When Lost at the Q38E horizontal aperture.
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Cornell University

Laboratory for Elementary-Particle Physics I nj eCt i on-t urn l IANY A at Q3 8E

L L L B L B AU L L S L UL U LA
40 — —
20 - - Are the losses at Q38E really
P’ f\ \ \ /J | necessary?
3 ' "
\g.— 0345,5\ /\m _’ \j‘)
2| ’[\/ \[V\ | \(\/ | If we avoid them here will
- W/\ 1 they show up at another
#r ] downstream horizontal
- —— | Stored Orbif with Bump w | aperture?
i — |Injecied Qrbit i
.40 - _|
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