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The plan for last month

1. The particle distribution file conversion from

genesis output to Astra iput at the exit of
SASE1 for 0.5nC charge case. (60%)

2. Beam dynamics simulation for EXFEL SASE1
for other different bunch charge cases (1.0nC,
0.25nC, 0.1nC, 0.02nC) (80%)



Particle distribution file conversion from genesis output to Astra input

Sven’s advice:
1. Getting the newest version of Genesis which supports HDF5
output.
2. Setting IONE4ONE=1 and ZSEP=1.
The macro particles have the same charges per slice.
Avoiding artificial spikes generating in the current profile.

Slice number estimation for SASE1 genesis calculation
At the entrance of SASEI,

Peak current : SkA

Beam energy : 17.5GeV

Total bunch length : ~ 70 um

For SASEI,
Radiation wavelength: ~ 9.49x10-'m
mm) Nslice=(s1-s0)/(ZSEPxXLAMDs) =737619




Particle distribution file conversion from genesis output to Astra input

(1)Npar = 8000
(2)Npar =400, Size of output file ~200GBytes

complete 1t as the following steps:

1. Getting the particle distribution file (HDFS5 format) with newest
version genesis.  (done)

2. Particle distribution file conversion from HDF5 format to ASCII
format. (done)

3. Particle distribution file conversion from genesis output file
(ASCII format) to a normal 6D phase space file. (wrote a matlab
script, doing conversion...)

4. Use a random generator to pick the particles with reasonable
number from the 6D particle distribution file and generate a new
file. Then convert it to a file with Astra input format.



Structure of Genesis particle output file

38,6723, 37.6167, 32.5823,
7.4123e-06, -1.15175e-05,

-2.29246e-06, 1.61586e-05,
7.21265

34253.8, 34253.2, 34253.1, 34253.7,
-0.0238675, -0.00466034, -0.032581,
-0,0354556, 0.0434789, -0.0179946, 0.0299406, 0.00299962, 0.00664222,

22,9191, 34.3499, 37.086, 33.6078, 43.2562, 47.0773, 40.1844, 41,1064,
1.82722e-05, 1.89108e-05, 3.80772e-08, 1.16999e-05, -2.33109e-05,

1.29426e-05, 3.54965e-05, -2.74845e-05, 4.87051e-06, -7.8819%=-07,
7.21637

34253.1, 34253.6, 34253.2, 34254.4, 34253.5, 34253.9, 34253.7, 34253.4,
0.0138097, 0.0157032, 0.020605, 0.0199179, -0.0351455, -0.0053962, 0.0193496,
-0,0110905, 0.0145887, 0.0078037, 0.0307433, -0.0302395,
43,5146, 39.1369, 42,2506, 39.2006, 20.0921, 45.8919, 33.3095, 41.3758,
4,46384e-06, -9.16154e-06, 4.12823e-06, -9.94598e-06, 2.55388e-05,
-58.67827e-06, -3.68527e-06, -2.09898e-06, -9.26047e-07, 1.80373e-05,

7.22009

34253.2, 34253.7, 34253, 34254.3, 34253.8, 34254.2, 34253.8, 34254.2,
-0.00867483, 0.0249167, 0.00212954, -0.0205735, 0.0181358, O0.000346486,
-0.0233145, -0.0109508, -0.0270153, -0.0172536, 0.00937463,
40,157, 41.3439, 42,7398, 35.1468, 41.621, 37.6706, 41.102, 38.0174,
-1.23772e-05, 5.23753e-06, -6.84502e-06, 7.74513e-07, -5.72777e-08,
-§.6017e-07, -1.36902e-05, -1.64167e-05, 1.59207e-05, 1,49294e-05,

7.22381

34254.3, 34253.9, 34253.8, 34253.6,
0.00539644, -0.0167472, 0.0243881,

0.0046779, 0.00704646, 0.00530093, -0.0322097, 0.0048069, 0.00724976,

35,9439, 41.4564, 38.1712, 28.1139, 35.3912, 35.5799, 42.488, 31.5247,
3.09559e-06, 1.44914e-05, -1.78567e-05, 9.3265Ze-06, 9.23124e-06,
Z,60396e-05, -5.04493e-06, -9.43550e-06, -Z.03459e-07, 1.78658e-05,
7.22753

34254.4, 34253.6, 34253.4, 34253.4, 34253.6, 34254.2, 34253.3,
0.00043296, -0.00886339, -0.0221214, 0.0446036, 0.00456584,
0.020237, 0.0807422, -0.0116081, 0.0288105, 0.00524323, -0.0036663,
44,1115, 26.8417. 37.8927. 35.1742. 44,7299, 39.1812. 31.3945.

37.781, 46.772, 41.6328, 40.2387, 14.9839,
1.91074e-05, 7.73069e-06, -1.01506e-05,
2.33883e-05, -1.97151e-05, 1.26341e-05,

p—

current
34254.2, 34253.9, 34254.1, 34253.9,
-0.0341047, 0.03599235, 0.0122355,

px
theta

Slice n

—
p—

Slice n+1

I

Slice n+2

37.3608,

|

34253.6, 34253.8, 34254.5, 34253.6,
-0.0479938, -0.037818, -0.0192802,

Slice n+3

34252.4,

Normal 6D phase space

-3.6509%=-08,
2.83568e-06,

34253,
-0.03168321,
0.0146122,
30,3451,
-1,65299e-08,
2.87035e-06,

34253 .8,
-0.0010688,
0.0176288, 0.00645206,
35.

1.74913e-05,
-2.9900%-06,

34254,
0.0370318, 0.00370985,
-0.0305108,

35.4129, 40.1115.

39.6207, 42.4443,
9,58827e-06,
5.09873e-06,

34252.6,
0.008705459, 0.0150361,
-0.00876744, 0.000757083,
35.1114,
1.14654e-05,

2.77337e-06,

34253.7,
-0.0210611,
0.0103609, 0.0203633,

10.3575, 41.3552,
2,39241e-05,
-1.64923e-05, 9,1954e-06,

34253.6,

37,4601,
1.0165e-05,
8,592 1e-0%,

1.79716e-05,

34253.5,

g,

34252.4,

-0.013814,

39.9161, 39.6809,
-3.30815e-05,
2.67567e-05,

43.4273, 40.321, 41.603, 31.6:f
-1.48484e-05, -4.3324%e-06, -
3.6173%9e-06, 1.08535e-05, -Z.<

34253.7, 34253, 34253.8, 34253.3, 34253.4, 34253
-0.0413934, -0.0515571, -0.0452553, -0.0242166, 4.552¢
0.0163409, -0.0170823, 0.00715553, 0.0400381, 0.020402f
36.9425, 36.5553, 42.1479, 27.4459, 14.2Z151, 3¢
1.562542-05, -1.40427e-07, 3.13738e-05, 1.7%
1.42202e-05, -1.76812e-05, 9.06009e-07, 3.3t
54253.4, 34253.7, 34254.5, 34253.6, 34253.1, 34254.2, =
0.0446955, -0.0430996, -0.0203012,
0.0341989, 0.0332917, 0.031737Z, -0.000513237, 0.012¢
37.2905, 37.3847, 39.8211, 43.232, 20.3688, 4C
-2.04452e-06, -5.7358752-06, -1.05458e-05, 1
-5.13518e-06, 3.01982e-05, 1.33351e-05, 1.18904e-05, &

35,4639,

34254.1, 34253.6, 34253.5, 34253.4, 34253.6, 34:
-0.0376924, -0.00461106, -0.00114864, -0.00458016, €
0.0334404, 0.0150175, 0.0380887, -0.00315834, -0.0021
7292, 38.6511, 44.8074, 33.8984, 18.9172, 36.275, 43.0f
-5.43317e-06, 1.00723e-05, 1.3815e-05, -1.95572e-05, 1.
-4,72091e-06, 1.01836e-05, -§.34824e-06, 1.02755e-05, -

54254, 34254.1, 34253.3, 34252.8,
0.0621971, -0.0435114, 0.004519, 0.0071Z6,
-0.0360468, -0.01866, 0.0126888, -0.0283036,
47,3285, 31.8316, 35.2285, 37.7337, 30.7096, 3t
-3.40099e-05, 4.50549e-05, -3.1l6368e-06, -Z.
1.40165e-05, 1.19136e-05, -3.5991%9e-06, 1.

34253.9, 34253.5, 34z

0.04555584,

58349e-08,

34253.2, 34253.3, 34254.1, 34253.4, 34254.1, 34:
0.00599024, -0.0086476, -0.0204087, -0.0255442, -0.0<
-0.0183606, 0.0338247, -0.00171913, -0.030551

30.1068. 42.2863. 31.72592, 31.7617. 38.9985. 27.9232. -

Number 1 2 3 5

Parameter | v |z |px|py

eV/ic

Unit




Beam dynamics simulation for SASE1 for different bunch charge cases
(100%)

+* At the end of the linac

E=17.5GeV
Ipeak:NS OkA

**Beam energy at some key positions

E, =130MeV E, =700MeV E; = 2400 MeV E4=17.5GeV
Gun ACC1 ACC39

l_.—D#"& L1 L2 L3 SASEI SASE3

BCO BCl1 )
y/ﬁL COWOH section Extraction arc

74

pd

AB=0.02092Degree /




Beam dynamics simulation for SASE1 for different bunch charge cases

Parameters for the bunch compressors™

Charge Momentum Momentum Total Momentum Compr. Momentum Total
Q, compaction compaction compr. compaction in BC, compaction | compr.
nC factor in Dogleg | factor in BC | Cdogleg®Co factor in BC, C, factor in BC,, C

R56,dogleg 1{56,0 R56,1 R56,2

[mm] [mm)] [mm] [mm]
1.0 -30.1 -62.00 3.5 -54 8 -20 121
0.5 -30.1 -54.80 3.5 -50 8 -20 217
0.25 -30.1 -48.20 3.5 -50 8 -20 385
0.10 -30.1 -43.90 3.5 -50 8 -20 870
0.02 -30.1 -41.40 3.5 -50 8 -20 4237

* Igor Zagorodnov, M. Dohlus, A semi-Analytical Modelling of Multistage Bunch
Compression with Collective Effects, Physical Review STAB 14(2011), 014403
* Igor Zagorodnov, Beam Dynamics Simulations for XFEL, BD meeting, 2011




Beam dynamics simulation for SASE1 for different bunch charge cases

RF settings 1n accelerating modules for different bunch charge cases

Charge Vacel (Paccl Vace39 (Pacc39 Vlinacl (Plinacl Vlinac2 Dlinac2
nC [MV]  [deg] [MV] [deg] [MV] [deg] [MV]  [deg]

1.0 144.64  -0.77 2451  148.68 643.83 275 183742 220
0.5 153.47 16.71 2349 18454 651.95 29.0 1864.74 24.0
0.25 156.24  18.73 24.64 187.07 646.70 28.1  1812.60  20.0
0.1 156.72  17.99 25.64 184.13 639.57 272  1831.21 21.5
0.02 156.03  16.50 26.16 180.16 637.76 26.7 1833.36  21.8

Linac3: accelerating on crest




Beam dynamics simulation for SASE1 for different bunch charge cases

Gun ACC1ACC39 L2 L3 SASE1
LH DL BCO Collimator section

o g o —>,—>—>.» e =
I I I

| |
W, LAW, 1 12W, | 84W,

| |
| |
W1
L 1ITM I TM ''T™M 'T™
Li: ACC2 i
L2: ACC3+ACC4+ACC5 200000 particles
L3: ACC6+ ...+ ACC26 100CPUs, ~11 hours

=l ASTRA ( tracking with space charge effects, cylindrical symmetric algorithm )
===P (CSRtrack (tracking with CSR effects)

W1 -TESLA cryomodule wake (TESLA Report 2003-19, DESY, 2003)

W3 - ACC39 wake (TESLA Report 2004-01, DESY, 2004)

TM - transverse matching to the design optics




E [MeV]

Beam dynamics simulation for SASE1 for different bunch charge cases

Q=1.0nC

1.7505"104 before undulator .2 | before ulndulator |
1
175" ’ L T Ee——— — |
)| — |
1.7495- | 04F
0.2- i
17435 0 50 100 %0 100

§ [um]

&P = 0.9um - rad, ,P") = 2.4um - rad

4% bad particles are removed




Beam dynamics simulation for SASE1 for different bunch charge cases

Q=0.5nC

before undulator

_\

24

(4]

=]

>
T

1.7496

1.7494

1749

0 -20 -10 0 10 20 30 40 5 Q5 20 10 0 10 20 20 40
s [um]

s [pm]

£,PT%) = 0.65um - rad, sypmj = 1.8um - rad

4% bad particles are removed




Beam dynamics simulation for SASE1 for different bunch charge cases

Q=0.25nC

before undulator

4 before undulator
17512410, ‘

1.7508-
1.7506-

[[kA] /5

>1.7502
=175
1.7498
1.7496/
174041
1.7492

L ‘; ‘ ‘ ‘ %o

£,PT%7 = 0.5um - rad, sypmj = 1.6um-rad

4% bad particles are removed

30




E [MeV]

Beam dynamics simulation for SASE1 for different bunch charge cases

1.751

1.7505

1.75F

1.7495-

1.749-

1.7485

x10°

before undulator
T

Q=0.1nC

before undulator

1[kA] /5

1,748

4% bad particles are removed

s [um]

£,PT%) = 0.36um - rad, syproj = 0.64um - rad




Beam dynamics simulation for SASE1 for different bunch charge cases

Q=0.02nC

- 04 before undulator before undulator

1.7515 1 T T \ \

17511
17505

1.75+

_ ¢, lum] _
I | | I |

‘ I I i i i i =3 2 -1 0 1 2 3
VA% 0 1 2 3 4 5 & s [um]

£,PT%7 = 0.15um - rad, syproj = 0.38um - rad

4% bad particles are removed



The plan for this month

1. The particle distribution file conversion from

genesis output to Astra iput at the exit of
SASEI for 0.5nC charge case. (100%)

2.Beam dynamics simulation between SASE]
and SASE3 for 0.5nC charge case. (50%)




