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~(-I=7)~ Recall the Tuning Method - RF Pulse Step

« Use two steps in the RF pulse to tune Bunch2 and Bunch3.

Step here to
tune bunch2.

Step here to
tune bunch3.

*’? Bunchl H

r"r'— Bunch? H

i€<—— Bunch3 —>
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Tuning Range with different Bunch Spacing
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B5 Tuning Range with different Bunch Spacing
| 28nsspacing | 2lnsspacing | 14nsspacing

Sl 18% ~09% +13° 09% ~07% 08 -03%~ 04%  20.3°
SNl -17% ~00% 208 -10% ~00% 05° -05%~ 00%  20.2°
Nl 48% ~-29% £09° -29% ~-14% £0.7° -14%~-06%  0.4°
Nl 216%~ 00% +115° -140%~ 0.0% +7.2° -6.9%~ 0.0%  +3.4°
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Klystron

Cavity or Structure
« Simulation includes the dynamics of klystron, BOC and the cavity or structure.

» Klystron half-bandwidth: S-band 8 MHz, C-band 10 MHz, X-band 15 MHz

« BOC: =9, Qu=22000

* Gun cavity: p=2, QL =4280
» Range of step ratio: 0 to 1 (better not over 1 due to klystron saturation or breakdown)
» Range of step phase: -60° to 60° (large phase change may trigger reflection interlock)
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Num. of Events

Num. of Events

Data of Simulation (cont.)

S-band bunch2 amp./pha. tuning
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Num. of Events

Num. of Events

Bs Data of Simulation (cont.)

X-band bunch2 amp./pha. tuning
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Energy Gain Loss with different Bunch Spacing



weanmpet - Estimate of Energy Gain Loss with different Bunch Spacing

s

« Consider three bunches — energy gain loss compared to single-bunch case.
« X-band should lose less if we expand the pulse width.
« S10CBO09 pulse shape was not optimized.

SINSBO01 1.4 MeV
SINSB02 1.0

SINSBO03 0.5
SINSB04 1.1
SINGBOL R
S10CB01 6.7
S10CB02 7.7
S10CBO3 8.5
S10CB04 9.0
S10CBO05 7.4
S10CBO06 8.0
S10CBOY 6.4
S10CBO08 8.0

S10cE00 Ry

Linacl Loss: 69 MeV
C-band Loss: 200 MeV
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-2.0
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4.8
6.8
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4.7
6.1
1.7

45 MeV
129 MeV

_ 28 ns spacing 21 ns spacing 14 ns spacing

0.4
0.2
0.6
-0.8
1.4
2.3
2.3
4.4
2.8
3.0
3.2
3.1
0

25 MeV
73 MeV



b‘—* Estimate of Energy Gain Loss with different Bunch Spacing
« Consider four bunches — energy gain loss compared to single-bunch case.
« X-band should lose less if we expand the pulse width.

e S10CBO09 pulse shape was not optimized.
| 28nsspacing | 2lnsspacing |  l4nsspacing |

SINSBO1 2.2 1.6

SINSBO2 1.4 0.7 0.3
SINSBO3 0.8 0.3 0.2
SINSBO4 1.4 1.1 0.6
[SINXBOL [ 3.1 1.8
S10CBO1 13.1 8.1 4.7
S10CBO02 14.2 9.6 4.1
S10CB03 15.0 8.7 4.3
S10CB04 13.4 8.4 4.7
S10CBO5 11.5 6.9 3.5
S10CBO06 11.7 8.1 4.1
S10CBO07 9.46 5.8 3.5
S10CBO08 13.7 8.2 4.4

s10ce00 RN 3.9 1.3

Linacl Loss: 115 MeV 72 MeV 37 MeV
C-band Loss: 332 MeV 207 MeV 108 MeV
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~(-I=1)~ Energy Loss of Bunch Spacing = 28 ns (3 bunches)

SINSBO01 energy loss = 1.4 MeV SINSBOZ energy loss = 0.986 MeV SINSBO03 energy loss = 0.529 MeV
0 S R Wik : y 0
B -2 3
= 2 5
w -4 L
< <
-6 , 5 10
0.3 0.4 0.5 0.6 1.3 1.4 1.5 0.2 0.3 0.4 0.5
Delay [us] Delay [us] Delay [us]
SINSB04 energy loss = 1.13 MeV gINXBO1 energy loss = -3.74 MeV S10CB01 energy loss = 6.71 MeV
— ; A T b — — 0
> > 4 >
) ) )
= =} =
w L L
4 a? q-10
| 0% -15
1.9 195 2 205 241 1.55 1.6 1.65 0.35 0.4 0.45 0.5
Delay [us] Delay [us] Delay [us]
S10CB02 energy loss = 7.73 MeV S10CB03 energy Ioss = 8.46 MeV S10CB04 energy loss = 9.04 MeV
— 0 — — 0
> > >
(] () ()
2 S = =3
w W w -10
<-10 < <
-20 -20
0.4 0.42 0.44 0.46 048 05 0.45 0.55 0.6 0.5 0.55 0.6
Delay [us] Delay [18] Delay [us]
S10CBO05 energy loss = 7.36 MeV S10CB06 energy loss = 7.98 MeV S10CBO07 energy loss = 6.36 MeV
s 0 S s 0
) Q) )
= = 5 =
= 5 = o -5
4 4 4
<10 -10
-10
0 0.05 0.1 0.15 0.05 0.1 0.15 0.2
Delay [us] Delay [18] Delay [us]
S10CB08 energy loss = 7.98 MeV S10CB()9 energy loss = 2.02 MeV
= 0 = —¥k— Energy scan
2 v -0 Bunch1 location
= 5 =
E E Bunch2 location
4-10 g -10 Bunch3 location
-15
0.1 0.15 0.2 0.25 0.1 0.15 .25

Delay [18] Delay [u51 11
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AE [MeV] AE [MeV]

AE [MeV]

Energy Loss of Bunch Spacing = 28 ns (4 bunches)

SINSBO01 energy loss = 2.23 MeV
0 '
2
-4
-6
0.3 0.4 0.5 0.6
Delay [u8]

SINSB04 energy loss = 1.43 MeV

0 2
-5
-10

195 2 205 21
Delay [us]
S$10CB02 energy loss = 14.2 MeV

0.4

S10CB05 energy loss = 11.5 MeV

O 7
-5
-10

0.45
Delay [us]

0.5

0

S10CBO08 energy loss = 13.7 MeV

0 A
-5
-10

0.05 0.1
Delay [u8]

0.15

0.1

0.15 0.2
Delay [us]

SINSBO02 energy loss = 1.42 MeV  SINSBO03 energy loss = 0.834 MeV

0 0
> >
o -1 )
E. -2 E. -5
L L
< -3 <
13 14 15 16 02 0.3 0.4 0.5
Delay [us] Delay [us]
SINXBO01 energy loss = -2.98 MeV  S10CB01 energy loss = 13.1 MeV
— 5 — 0 2
> >
[0 ()
=3 = 5
L w _
4 4 10
0 -15 %
1.5 1.55 1.6 1.65 0.35 0.4 0.45 0.5
Delay [us] Delay [us]
S10CB03 energy loss = 15 MeV S$10CB04 energy loss = 13.4 MeV
s 0 S 0
) O]
W m -10
< <
-20 -20
0.45 0.5 0.55 0.6 0.5 0.55 0.6
Delay [us] Delay [us]
S$10CB06 energy loss =11.7 MeV  S10CB07 energy loss = 9.46 MeV
S 0 S0
() ()
z 5 = .
* -
410 4
! ] | -10 : ;
0.05 0.1 0.15 0.05 0.1 0.15 0.2
Delay [ps] Delay [us]
S10CB09 energy loss = 6.75 MeV
= \ —k—— Energy scan
v -5 s BUNCh1 location
E m——— Bunch2 location
w -10 Bunch3 location
< .
15 | | m—— Bunch4 location
0.1 0.15 0.2 0.25
Delay [us]
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~(-[=1)~ Energy Loss of Bunch Spacing = 21 ns (3 bunches)

SINSBO01 energy loss = 0.617 MeV SINSBOZ energy loss = 0.568 MeV SINSBO03 energy loss = 0.38 MeV
0 S ' . 0
B 2 3
= 2 5
w -4 L
< <
-6 L % 10
0.3 0.4 0.5 0.6 1.3 1.4 1.5 1.6 0.2 0.3 0.4 0.5
Delay [us] Delay [us] Delay [us]
SINSB04 energy loss = 0.843 MeV SINXBO1 energy loss = -1.95 MeV S10CBO01 energy loss = 4.31 MeV
B g = oy ~ 0
> >4 ] >
() () ()
=3 =3 = °
L L 1 L
4 a? -1
R 09 -15
1.9 1.95 2 205 21 1.55 1.6 1.65 0.35 0.4 0.45 0.5
Delay [us] Delay [us] Delay [us]
S10CBOZ energy loss = 3.77 MeV S10CBO03 energy loss = 4.78 MeV S10CB04 energy loss = 6.75 MeV
— ‘ — 0 1 = O
> > >
(] (0] (]
=3 = =3
L w 10 1 w10
< < < 3
! I " 20 20— I |
0.4 0.45 0.5 0.45 0. 5 0. 55 0.6 0.5 0.55 0.6
Delay [us] Delay [us] Delay [us]
S10CBO05 energy loss = 4.06 MeV S10CB06 energy loss = 5.03 MeV S10CB07 energy loss = 4.7 MeV
0
S 0 S s 0
(] (0] (]
s s 5 =3
- -5
L w3 L
< 10 < .10 <
-10
0 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15 0.2
Delay [us] Delay [us] Delay [us]
S10CB08 energy loss = 6.12 MeV S10CBOQ energy loss = 1.68 MeV
= 0 = 5 | —k— Energy scan
§ % B Bunch1 location
= -5 = Bunch2 location
% 10 % -10 1 Bunch3 location
-15
0.1 0.15 0.2 0.25 0.1 0.15 0.2 0.25

Delay [us] Delay [us] 13
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Energy Loss of Bunch Spacing = 21 ns (4 bunches)

SINSBO01 energy loss = 1.57 MeV ~ SINSB02 energy loss = 0.723 MeV  SINSBO03 energy loss = 0.324 MeV
0 ™ i 7 3 0 0
> > >
v -2 o -1 )
=3 =z, z
w -4 w L
< -3 <
-6 -10
0.3 0.4 0.5 0.6 1.3 1.4 1.5 1.6 0.2 0.3 0.4 0.5
Delay [us] Delay [us] Delay [us]
SINSB04 energy loss = 1.1 MeV SINXBO01 energy loss = -3.11 MeV  S10CB01 energy loss = 8.13 MeV
0 o ™™ -5 = 0
> >
[0 ()
= 2
L L _
‘ u | W -10
0 -15
1.9 195 2 205 21 1.5 1.55 1.6 1.65 0.35 0.4 0.45 0.5
Delay [18] Delay [pS] Delay [us]
S10CB02 energy loss =9.56 MeV  S10CB03 energy loss = 8.73 MeV  S10CB04 energy loss = 8.42 MeV
= 0 : = 0 = 0 |
[0 [0 ()
=z - =3 =3
W _1o w 10 w -10
< < < 3
-20 -20
0.4 0.45 0.5 0.45 0.5 0.55 0.6 0.5 0.55 0.6
Delay [p8] Delay [pS] Delay [p8]
S10CBO05 energy loss = 6.87 MeV  S10CB06 energy loss = 8.09 MeV  S10CBO07 energy loss = 5.75 MeV
S o S S 0
[0 () [}
= 5 = 5 =
= - = = 5
L L L
<410 < -10 <4
. . . -10 1
0 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15 0.2
Delay [us] Delay [us] Delay [us]
S10CB08 energy loss = 8.2 MeV S10CB09 energy loss = 3.85 MeV
S —%¥—— Energy scan
g s Bunch1 location
= -5 s Bunch2 location
% -10 Bunch3 location
m— Bunch4 location
0.1 0.15 0.2 0.25 0.1 0.15 0.2 0.25
Delay [18] Delay [p8]
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SINSBO1 energy loss = 0.34 MeV

0.3 0.4 0.5 0.6
Delay [us]
SINSB04 energy loss = 0.555 MeV

AE [MeV]

1.9 1.95 2 205 2.1
Delay [us]
S10CB02 energy loss = 2.27 MeV

— 0
>
= -5
S 10
0.4 0.45 0.5
Delay [us]

S10CBO05 energy loss = 2.78 MeV
N 0
()
=
L
< -10

0 0.05 0.1 0.15

Delay [u8]

S10CBO08 energy loss = 3.11 MeV
= 0
(]
2 5
L
<1 -10

0.1 0.15 0.2 0.25

Delay [us]

SINSBO

energy loss = 0.416 MeV

>
)
=)
L
<
4 !
1.3 1.4 1.5 1.6
Delay [1s]

SéINXBO1 energy loss = -0.758 MeV

> 4
=
w
A 2
1.55 1.6 1.65
Delay [1us]
S10CBO03 energy loss = 2.34 MeV
>
(0]
=3
w -10
<
-20
0.45 0.5 0.55 0.6
Delay [1s]
S10CBO06 energy loss = 3.04 MeV
— 0
>
()
= 5
[T
<1-10
0.05 0.1 0.15
Delay [us]
801 0CBO09 energy loss = -0.182 MeV
> 5
=3
w-10
<
-15
0.1 0.15 0.2 0.25

Delay [1us]

SINSBO03 energy loss = 0.179 MeV

AE [MeV]

0.2 0.3 0.4 0.5
Delay [us]

S10CB01 energy loss = 1.41 MeV
0

3
s -5
910
-15
0.35 0.4 0.45 0.5
Delay [us]
S10CB04 energy loss = 4.38 MeV
— 0
>
)
=
w -10
<
-20
0.5 0.55 0.6
Delay [us]
S10CB07 energy loss = 3.2 MeV
= 0
(]
=
w o
<
-10
0.05 0.1 0.15 0.2
Delay [us]
—¥— Energy scan

Bunch1 location
Bunch2 location
Bunch3 location

Energy Loss of Bunch Spacing = 14 ns (3 bunches)
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"[J‘__S" Energy Loss of Bunch Spacing = 14 ns (4 bunches)

SINSBO01 energy loss = 0.586 MeV  SINSB02 energy loss = 0.328 MeV  SINSB03 energy loss = 0.231 MeV
g S

gy 0 .v:"“‘ gy 0
D -2 3 -1
=3 =z,
Y a3
0.3 0.4 0.5 0.6 1.3 1.4 1.5 1.6 0.2 0.3 0.4 0.5
Delay [u8] Delay [u8] Delay [18]
SINSB04 energy loss = 0.605 MeV SINXBO01 energy loss =-1.82 MeV  S10CB01 energy loss = 4.65 MeV
— Of —5 — 0 ;
> > >
[ [ [0
= 5 = = 5
w L w_
< 10 4 \ 4710
® 0 - -15 x*
1.9 1.95 2 205 21 1.55 1.6 1.65 0.35 0.4 0.45 0.5
Delay [u8] Delay [u8] Delay [u8]
S10CB02 energy loss =4.15 MeV  S10CB03 energy loss =4.33 MeV  S10CB04 energy loss = 4.73 MeV
S 0 < 0 ' S 0
[} () [0
Z 5 = 0 Z
W 49 w - w 10
< < <
. : - -20 -20
0.4 0.45 0.5 0.45 0.5 0.55 0.6 0.5 0.55 0.6
Delay [us] Delay [us] Delay [us]
S10CBO05 energy loss = 3.45 MeV  S10CBO06 energy loss =4.13 MeV  S10CBO07 energy loss = 3.51 MeV
S 0 S 0 S 0
() [0} [0
= 5 = 5 =
= - = = 5
w w L
<10 < -10 <4
-10
0 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15 0.2
Delay [p8] Delay [u8] Delay [8]
S10CB08 energy loss = 4.43 MeV  S10CB09 energy loss = 1.27 MeV
— — —%—— Energy scan
% 0 % 5 == Bunch1 location
= 5 = == Bunch2 location
T w -10 Bunch3 location
< < 15 — Bunch4 location
0.1 0.15 0.2 0.25 0.1 0.15 0.2 0.25
Delay [us] Delay [us]
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