XFEL-BC2 vs energy, absolute chirp = const
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fast estimation by “projected method” but: shielding implementation for

IS not implemented

resistive wall wakes not negligible but: no model
for RWWs in BCs

CSRtrack & ASTRA



fast test environment

» define BC geometry — K(s)

» calculate local bunch length (without self-effects) — o(s)

» calculate longitudinal field (unperturbed motion) — F(s) - AE(s)
 estimate centroid positions

_ KAE+F, KAE

E

= %(S)
X.(5)

X"+ (K2 =nlx — X"+K?*x =

 estimate projected emittance

w(x,X,y, Yy, ds,de,s) =y, (x—x.(s), X =X(s))-w,(y,Y) n(ds,o(s))

2
£, = \/c C,w —Cp i =
h XX XX XX with C,~= fab + Jab
f,, = 2" momenta of i,
d., = 2" momenta of centroids



after few minutes:

original BC@2.5GeV setup 2
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original BC@2.5GeV

long. field vs. position
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40

with CSRtrack:

original BC@2.5GeV

slice with |_peak:
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Green's projected

setup 2
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field /(V/m)

energy /evV

original BC1
(511 MeV)
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both BCs
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slice with |_peak: 40
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fast double BC optimization

BC1  define BC geometry — K(s)
» calculate local bunch length (without self-effects) — o(s)
» calculate longitudinal field (unperturbed motion) — F(s) - AE(s)

 estimate centroid positions — X.(S)
X;(s)
« BC1 out —» BC_:2 In (e, ﬂ)(bclouw %(a, ,B)mczin)
transport matrix U
BC2  define BC geometry — K(s)

| « calculate local bunch length (without self-effects) — o(s)
AE®?™ — « calculate longitudinal field (unperturbed motion) — F(s) —> AE(s)
x{’#n) _ e estimate centroid positions — X.(s)

X;(chin) X; (s)

 estimate projected emittance

2
Ep = \/Cxxcx'x’ _Cxx’ with C,= fab + gab
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after few minutes:
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after BC1 (511 MeV) after BC2 (2.5 GeV)
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it is possible to optimize the matching section for better compensation:

(bclin) (belin) Slice emittance: Jexxeyy — x>y = 1x 10 © Field in bending magnet:
(@, B)" ™ =(er, B)™"™ =(1.8,47.5m) o A 8 o
Centroid emittance: dxx-dyy —dxy -y = 1449 10~ BO= 170447 x 100 “KO-y+[1 -y ~
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improved working point is confirmed by CSRtrack — £<1.4
small improvement: old working point (1 = 2.18) nearly perfect

that is luck: other working points are much worse !



shorter double BC

(few minutes tuning)
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not worse than the old solution:
CSRtrack: green’s,

. . h' vs hor bunch current / kA
slice with |_peak: 40 I T : ;

cf=100 1nC 2.5GeV, em=1

gm pr
20 |+
emittance(x1) = 1012x 10 6
_¢ | slice
emittance(x2) = 1.011x 10 =
EO=25x 10°

o

N
S
S

o

s
(&)

—5 -20 |- -
emittance(X1) = 1.317 x 10
o | full
emittance(X2) = 1.46 x 10
—40 . . I 0
—200 —100 0 100 200 —40 —20 0 20 40
s/um
RMS(de)/MeV normalized emittance * 10"6 twiss: beta

—40 =20 0 20 40

ds /um s/um




summary

» double BC uses compensation mechanism
 without shielding:
working point (optics, matching) of present BC close to optimum
Is the geometry optimal?
* strategy “no shielding”:
use large gap
“simple computation”
* strategy “shielding”:
could help to reduce projected emittance
complicated optimization (compensation of effects in both BCs
vS. resistive wall wakes)
no method available for the calculation of resistive wall wakes

» still to be done: projected method with PEC shielding



