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Tasks:

1. Measurements of momentum and momentum distribution for electron momentum up to 40 MeV/c

2. Longitudinal phase space measurements for momentum spread resolution ~1 keV/c by using combination of:
* a dipole magnet, an RF-deflector and a beam monitor screen
« a dipole magnet and a Cherenkov radiation equipped with a streak camera readout system

3. Transverse slice emittance measurements at off-crest booster phases

Priority:

The off-crest booster operation for the transverse slice emittance measurements leads to the large
momentum spread and therefore momentum spread resolution. Since the resolution of the transverse slice
emittance measurement at HEDAL is very small, the design of HEDA2 devotes to the resolution of the
resolution of the momentum spread measurement.

Requirements:
* The maximum electron momentum up to 40 MeV/c (30 MeV/c nominal)
* The dipole deflects the beam in horizontal direction since the RF-deflector deflects the beam vertically

* The possibility to be operated with full pulse length of the trains up to 7200 pulses, 1 nC and 10 Hz repetition
rate

= A huge beam dump ~ 2m x 2m x2m is needed, but the space is limited. Therefore, the beam is planned to be
transported to the beam dump of the main beam line with reasonable transverse beam size.
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The first dipole magnet (D1)

* The dipole deflects the beam of nominal momentum of about 30 MeV/c in
horizontal direction since the RF-deflector deflects the beam vertically.

« The momentum spread measurement at the screen after the dipole
magnet has the momentum resolution as small as 1 keV/c
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Transportation Matrices (1)

Dipole magnet and drift lengths
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M is the transport matrix of the beam line elements

[ Hll
HEI
0
HGI
L 0
1 L
01
0 0
*:I"fd:-e'ft =100
0 0
0 0

iz

R
0
0

Rsz

coocooRo o
oo NOoS

October 21, 2008

0 0 His ]

0 0 Ry
Faz Hiy 0O 0
Ry Ry, 0O 0

D RSE RSL"\

0 0 Rss |
a 0 COS (¥
0 0 —E'":—C‘
1 N—Lg sln o
0 1 0

[ sin e
COB O
0
0

ol —cosa)

0

o R e s e s

'p"_z

Photo In}eclur o
Test Facility N

then

A particle state at any position along the beam transport line
can be described by a matrix transformation from its relative
coordinates as
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Transportation matrix for the dipole and its wedge edges
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Transportation matrix for a particle travels from the reference
screen (PST.Scrb5) through the first dipole (D1) and reaches
the dispersive screen (DISP3.Scrl)
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Streak & RF-deflector measurement

Transport matrix of streak camera TOF measurement
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where s is the resolution of the streak TOF measurement

Matrix transportation including the streak camera TOF
measurement

M=MsMr, Mz, MpnMs Mg, .

The final particle coordinates becomes
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Transport matrix of measurement with RF-deflector
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where k is the RF-deflecting factor k=—
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Matrix transportation including the RF-deflector

measurement

M = My Mg, Mp Mg, M, Mppp,

The final particle coordinates becomes
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Note: Consider the deflection in horizontal plane, non-deflection in vertical plane and excluded R;;5, in simulation
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While electron beam is deflected by the a dipole magnet, particles with different electron momenta are deflected with
different deflecting angles and result in different transverse positions at the dispersive screen. The transverse beam size
(x) can be derived from

r = Rllxn + leﬂ:ru + Rlljél:l-

In order to have good resolution of the momentum spread (§,) measurement, the influence of the other contributions
(Xg, X’g) should be as small as possible.
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Therefore, the ratios Iﬁﬁl and |§16| should be as increased in order to increase the momentum spread resolution.

Selected parameters for the first dipole magnet

case | @ | Fin | Fout i Loty L Loy | DML+ L) | R Lm
N (<) (mm) | (mm) | (mm) | {mm) () [T [mimn)
GO-1 ) 60| O ] 600 | G25.32 | 1950 G50 1079, 42 2G2.92 | 1528.32
GO-2 ) 60 | 30 Ly 700 T33.04 | 1550 [ 261 102911 276.30 | 1844.04
GO-3 | 60 30 =30 750 TEG.A0 | 1650 | =66 1019.32 A74.98 | 1901.40
GO-4 | 60 | 30 -28 700 T33.04 | 1700 | =69 1021.59 ATL.55 | 1852.04
GO-5 ) 60 30 =30 750 TEG.40 | 1700 | =98 L1037 80 393.46 | 1933.40
GO-6 | 60 30 =30 T00 73304 | 1950 [ =543 Q8104 236.71 | 1826.04
GO-T | 60 30 =30 750 TEH40 | 1950 a9 1044.15 399.81 | 1944.40
GO-E | 60 30 =30 750 TaG.40 | 900 a9 1044.15 399.81 | 1944.40
G190 O ] 650 | 1021.02 | 1700 [ 250 L150.00 90000 | 1521.02
GO-2 ) a0 | 30 -30 TOO | 1099.56 | 1550 | 452 Q96.70 201.04 | 1801.56
GO-3 ) 90 | 30 -29 TOO | 109956 | 1700 | 447 1010685 29022 | T96.56
-4 ) 90 | 30 -30 TOO | 1099.56 | 1950 | 425 Q85,20 AT0.62 | 1774.56
GOLG ) 90 [ 30 | -24.21 | 650 | 109956 [ 1950 | 420 101875 252116 | 1691.02
-6 90 | 30 -30 TOO | 1099.56 | Q00 473 L1005 58 290,91 | 1822.56
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e Gun phase =0, gradient = 60 MV/m 5
e Booster phase =0, gradient = 28.55 MV/m uﬁ 8o 1
* Bain=0.2156 T, By, ¢ing = -0.0076 T (zero B-field at cathode) S 6ol } ]
* Prmeam ~ 32.07 MeV/c =3
* Pms = 106.17 keV/c w40 1
* Min P, sice = 0.826 keVic
* mean P, qice = 2.371 keVic 20 |
00 é 1‘0 1‘5 26

z (m)

casa| @ [Bin[Boue | P | Lt | Lot | @ [ (Elmean | (Ehems | (Ehmim | (- ) mcan 45

(e 7 | fmm) | (mm) | i | (T m) 40 1 — Original
Go-1] 60| 0 0 GO0 | 1950 [ 850 | 198 | Z4x10-7 [-34=10-%] 0.26 1.23 —60-1
GO-2 | 60| 30| -27 [ ToO | 1580 | 61 | 207 | -37=10-% [ 24x10-4 | 058 1.88 35
GO-3 | 60| 30| -30 [ To0 | 1500 | 866 | 206 | -26x10-F [ 23w10-4 | 091 1.89 —60-4
Gi-d | 60| 30| -28 [ ToOO | 1700 | 269 | 204 | 6.7x10-12 [-11x10-% | 012 166 30 1

60-5
—90-1
—90-2
—90-5

GO-o | 60| 30 [ -30 [ ToO | 17000 | 898 | 203 [ Z1mx10-19 | -Enw10eT [0l 174
GO-G | 60| 30| -30 | TOO | 1900 =543 199 | 4.0:x107% [ 14x1071 164 171
GO-7] 60 ) 30| -30 | 750 | 1900 | 909 199 | 31=107% [ 7.2x10°F 1.10 170
Go-1]90| 0 i Ga0 | 1700 | =0 1.97 [ 81«10 [-14=10-5] 0.25 153
GO-2 | 90| 30 [ -30 [ TOO | 1580 | 4582 | 206 [ L4m10-19 | -24w10eT [ 0019 219
Q03| 90| 30 [ -29 [ TOO | 17000 | 447 | 206 [-1.8x10-17 ) 31w10-F 0.37 227 10 A
Gi-4 | 90| 30 [ <30 [ TOO | 1950 | 425 | 204 [ -46x10-10 ) TOw10-F 0.62 2.45
O0-5 ) 90| 30 |-24.2) 650 | 1900 ( 420 1.97 | 24x10-10 [-40:10-% | 0a7 233 51

p_rms (keV/c)
N
(6]
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Simulated beam size and divergence at the reference screen (PST.Scr5), dipole
D1 entrance, dispersive screen after the first dipole (DISP3.Scrl) and with RF-
deflector measurement (RFD)
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Gradient of Q1 | Gradient of Q2 | Gradient of Q3
(T/m) (T/m) (T/m)
0 0 0
Reconstruction dipole dipole +RFD
resolution
8prms, slice,min 3219.8 % 2630.5 %
8prms, slic,mean 3265.8% 3393.9%
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Simulated longitudinal particle distributions at the dispersive screen after the
first dipole (top) and with RF-deflector measurement (bottom)
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Vertical Focusing at PST.Scr5
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Simulated beam size and divergence at the reference screen (PST.Scr5), dipole
10 ‘ D1 entrance, dispersive screen after the first dipole (DISP3.Scrl) and with RF-
— X deflector measurement (RFD)
§ Y FST.5or5 D1 entrance DISP3.Scr © DISF3.3Sct + RFD
g 87 ms & k 10 10 a0 =
T — XY
E rms 4 5 . 5 20
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. . . Simulated longitudinal particle distributions at the dispersive screen after the
Gradient of Q1 | Gradient of Q2 | Gradient of Q3 first dipole (top) and with RF-deflector measurement (bottom)
(T/m) (T/m) (T/m)
322 1 1
1.9 -3.8 1.9 o ve e _
g <) Z06 505 ﬁ_
DISP3.5c1 D o = o 20
= 319 £04 g 0.4 E
Reconstruction dipole dipole +RFD 3.8 0z £oz s
reSOIUtlon (keV/C) 31'7—6 4 2 0 2 4 & 3%.13 3214 3216 3216 3217 g <4 2 0 2 4 U 4 2 0 2 4 8
Z {mrm) p Mletiio) z {mm) Z {mm)
8prms slice,min 74.4% 30%
8Prme. siic.mean 353.6% 154.1%
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beam size (mm), Emittance (mm-mrad)

Horizontal Focusing at PST.Scr5
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Gradient of Q1
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resolution (keVv/c)
SPrms, siice,min 561.2% 971.3%
Prms, sic.mean 1984.0% 1961.5%
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Simulated beam size and divergence at the reference screen (PST.Scr5), dipole
D1 entrance, dispersive screen after the first dipole (DISP3.Scrl) and with RF-
deflector measurement (RFD)

divegence (mrmad)
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Simulated longitudinal particle distributions at the dispersive screen after the
first dipole (top) and with RF-deflector measurement (bottom)
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Optimization of the quadrupole focusing for good resolution of

momentum spread

4
1 u = dp_rms,slice,mean
3 ] . A dp_rms,slice,min
1 a [ ]
i .
2 - [ ] [ ]
] - -
: o . a - ] L "
1 1 . 4 .
i A 4 L 4. a
0 T '-/v\— T T T T -‘r \A il T T
1.89 1.92 1.95 1.98 2.01 2.04
Q1 (T/m)

Case 1.90, 1.98, 2.01 » Q1=0Q3 & Q2=-2Q1
Case 1.94 —» Q1=Q3, vary Q2 to get good resolution
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Slice momentum spread for the particles tracing through the first
dipole magnet for different quadrupole focusing without (top)

and using RF-deflector (bottom)
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Optimum deviation of P,;ms siice fOr Q1=0Q3, Q2=-2Q1
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Q1=1.98 T/m (optimum deviation in mean p,.s siice) Q1=2.01 T/m (optimum deviation in min p, s sjice)
PST.5ors D1 entrance DISP3Scn
PST . Sorb D1 entrance 10 DISP3.Sor 10 20
5 0
4 5 = . .
g £, g £ £ 0 E o
E E E D S S S
> > > -5 -10
-4 -5
10 20
E 10 W 6 0 65 1 20 40 0 10 20
-8 -4 o g -10 51 o B 10  (mm)  (mm)
(rrn) (rnrn)
4 10
4 10
5 T 5
2 B
g i HE £ g :
£ £ £ £
- - b 3 2o ]
g g0 g o g g 5
Z B g, g - 22 ¥ s bl :
E i £ bls xwsx] 20 blus: x s X' E H Eﬁf'yif;- E i
Ed yvsy e yvs Y red y sy 4 4 g
4 0 6420 2 4 8 W 6 0 65 1 20 40 0 10 20
6420244 . 0 8 s 0 5 10 position {ramy position {ramy position {ramy
22 ! ! = =2 1 1 =
= 25
21 s 08 g R 0.3 o8 g
T o= Zos Boe i o = Z @ 0
= 5 = g = Z06 808 2
DEPsSort T . o £os Z.4 z '8 DISP3Sc1 & 2 z 2 15
a E H w10 %a Loa §D4 E i
518 02 =02 £ s 3.3 2 Zo2 g s
317l 0 ] 0 a7 a a
6 4 2 0 2 4 6 T3 2142163216317 6 4 2 0 2 4 6 6 4 2 0 2 4 6 s A AT am s nice T T o T A e e
z {mm) p (Mevio) Z ({mrn) z {mm) h (Mevic) 2 (mm) z (mm)
Reconstruction dipole Reconstruction dipole
resolution resolution

Bprms, slice,min

25.97%

8prms, slice,min

prms, slice,min

3.03%

1.081 keV/c

prms, slice,min

6prms, slic,mean

0.851 keV/c

122.91%

Sprms, slic,mean

prms, slice,mean

154.14%

5.285 keV/c

prms, slice,mean
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6.026 keV/c
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Optimized Focusing for reducing effect of dipole
for the longitudinal particle distribution
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Simulated beam size and divergence at the reference screen (PST.Scr5), dipole
D1 entrance, dispersive screen after the first dipole (DISP3.Scr1) and with RF-
deflector measurement (RFD)

Conclusion
The 60° sector dipole magnet has
complex contribution from the beam

. . . PST.Sers D1 entrance DISP3.5cr1
size and divergence, which has to be ’ : 0
extracted from simulations e 2 s
0| mmmm— g £ 0
Gradient of Q1 | Gradient of Q2 | Gradient of Q3 o I T s
(T/ m) (T/ m) (T/ m) %S w20 245 w4202 46 90 5 0 5 1w
B alin] * (rnmm) * (rnrm)
1.94 -3.8 1.94 . . 0
£ g i
Reconstruction Dipole Dipole + Dipole + 8 0 \‘\ 80 / g 0
; &2 : Sal )
resolution effect Measured RFD D v | E b | 25 b
red: red: ' red y
OPrms, slice,min 3.7% 1131% 7.5% % 4 26 2456 5420246 o s 0 5 M
i i pasition () position () position (rmmm)
Prms, slice,min 0.857 keV/c 10.168 keVic | 0.888 keV/c Simulated longitudinal particle distributions at the dispersive screen after D1
322 1 1 a0
OPrms, slic,mean 150.5% 286% 152.9% 2.1 08 - 5
g @ >uos fue E &
© a z e 18
Prms. siice mean 5.940 keV/c 9.152 5.996 keV/c sare £04 50 510
- : 31.8 02 S0z 5 5
31.7 0 o o
<4 2 0 2 4 & 3213 32.14 3215 3216 3217 4 4 2 0 2 4 8 6 4 2 0 2 4 &
. X — R11X0 ReCO n Stru CteV 7 frarn n MARLI 7 imrm 7
p= ( Rle ) Prean T Preane=—"" momentum 100 - 1 1 0
v 08 .08 T 5
= = 3 W
resolution Dipole + Dipole + 500 =00 % 5
£ 0.4 204 s
Measured Measured / s £, "
< 5
0 0 X=X o 0 D
8prms, slice,min 1131% 819.5% p= (%) Prean T Prnean ] 1 40
Prms. sicemin | 10.168 keV/c | 7.591 keV/c * o e -
=06 % 06 E 0
8prms slic,mean 286% 459.1% gos E o g
P SHe 02 o2 F 10
il D 0 0
£ 4 2 0 2 4 B 317 318319 32 321 322 6 4 2 0 2 4 B £ 4 2 0 2 4 B
Prms, slicemean 9.152 13.256 keV/c PP o o o) o
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PITZ2-OPFF Scenery: booster off-crest phases

e Gun phase =0, gradient = 60 MV/m

* Booster phase =0, gradient = 28.55 MV/m

* Brain=2,156 T, By cking = -0-0076 T (zero B-field at
cathode)

* Pmeam ~ 32.07 MeV/c

e prms =106.17 keV/c

* minimum prms, slice = 0.826 keV/c

s mean prms, siice = 2.37L KeVIT

For transverse slice emittance measurements using the quadrupole scan method
YI: @ CDS booster off-crest Of +600 the mean energy ~18.4 MeV, Erms = 1.1 MeV, dEmax-dEmin=5MeV

Therefore, the beam size = 5/18.5*Dispersion

October 21, 2008
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P (B Foreseen HEDA2 setup PITZ
o s
. Photo Injector E‘:
Test Facility B
- 1,950 ———m=— 3.602 - 2100 ——— ==
PST.Scr5 EMSY3 PUMP HIGH2.Scr2
WS SWEEPER
] [ ] ] [ ] | 2100
% L] BERSN D3]
2=15.318 N 2= 20.870
DISP3.Scr2
,A\DISP&Scrl
1.746 . - BPM
\
PUMP
Quad
b2 unit in meter
Dipole o p Bin Bout Lest Est. Width Est. Length

(degree) (mm) (degree) (degree) (mm) (mm) (mm)

D1 60 600 0 0 628.32 600 693

D2 -90 500 -7 26 785.4 992 606

D3 60 400 -11 0 418.9 500 535

Location DISP3.Scrl D2 entrance Quad. center DISP3.Scr2 D3 entrance Dump entrance
Position (mm) 650 after D1 456 after DISP3.Scrl 290 after D2 1243 after Quad 215 after DISP3.Scr2 388 after D4
Dispersion (mm) 862.9 1257.8 351.4 -285.3 -395.4 536
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Note: The width (in x-direction) of the magnets was estimated by adding about £200 mm around the ideal trajectory.
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. D . . 5
fuums, (3% Requirements of the dipole magnets IP II T2

D1:

* The dipole deflects the beam of nominal momentum of about 30 MeV/c in horizontal direction since the RF-
deflector deflects the beam vertically.

« The momentum spread measurement at the screen after the dipole magnet has the momentum resolution
as small as 1 keV/c

D2:
* Lengthen the beam path for fulfil the requirements of the transverse slice emittance

(Dispersion ~300 mm @ DISP3.Scr2)
e Good beam transport to the entrance of the 3 dipole magnet

D4

* Transports the beam to the beam dump in the straight section with reasonable beam size (not too big nor too
small)
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