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Background of Measured Longitudinal Emittance in Hadron LINAC

Hadron LINAC beam : single pass, low-3, halo and high power
Matching beam and controlling the loss in hadron LINAC

Resolution of phase

Indirect method: Lg:\ngil;:::::r;al BEAM MEASURED Direct or Phase space length and energy Publish

method ENERGY PARAMETERS Indirect metohd | distribution spread time
cavity voltages distribution
synchronous m SNS (U.S.A)  H- (180 MeV) Bunch Lengh indirect NO RMS 2013
phases m (g:::‘:) H (3 MeV) Bunch Lengh indirect NO RMS 2018
BPM signals m (';E;‘;l“) H- Bunch Lengh indirect YES 10 ps 2016
Direct method: T FRIB(USA) lon Bunch Lengh indirect YES 10 ps 2018
BSM+ES Rl;t;l;r;?ird g;lzg::) H Energy Spread indirect YES 20 kV 2009
m ?If::rﬁ:g lon Bunch length indirect YES 47 ps 2016
GSI Bunch length, Energy . 35 ps,
H- (80 MeV) Acceptance indirect YES RMS 2008
SNS (U.S.A)
H- (2.1 MeV) S SR direct YES 10 ps, 0.1% 2018
Bunch length
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Background of Measured Longitudinal Emittance in Hadron LINAC §

Longitudinal

{ Energy spread distribution A£
phase space distribution

E p= \/<AG¢>2 <AE>2 —<A0'¢ AE>

Bunch length distribution Ao

Resolution is important

S
Assuming S“t' A
&

longitudinal AE/E - H /. . \.s. —
phase -,
space lAE Slice Hadron LINAC  Transferline

 Developed own BSM

g
D
Measured ™ A  Waist-to-Waist transfer matrix
longitudinals” / - Bswm
phase B;nfhbletpgth Following SNS BTF design, we upgrade \A/
Space Istribution the ES resolution by waist to waist

Courtesy of Huan JIA
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OUTLINE

B Development of Bunch shape monitor based on Feschenko’s style in IMP
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Developed Bunch shape monitor based on Feschenko’s style

Operation principle: coherent transformation of a _ _
temporal bunch structure into a spatial charge Cross section view of the developed BSM (HWR @325 MHZz)

distribution of low SE through a transverse RF-
scanning

7 - HWR RF Deflector

I(p) Analyzed beam

i Tuner

Ug .
—Ugoc + 751n(wt + @) + Uggeer

s
JI\I} ......... \

. Inner conductor

econdary electrons I(z) Usenm

3 - 2™ slit of 20 mm

— Supporter

4 - Transverse
corrected magnet
=EERe T 2 ; | ~ energy spectrometer
______ - - —] for SEs

. — P ! s

Bias port

Wire
Slit1
RF-Deflector

Corrected magnet

Slit2

Energy spectrometer
Secondary electron collector

Study the influences of key parameters on the high resolution

How to get a good performance of RF-Deflector

NOoOORON=
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Analyzing Ld, Ex versus BSM Phase Resolution Ac,/ c,;,

11

o
T @, full
A O-¢ S . m a@ ¢head/tall - 2

150 [

/\ ——E=25KkV/m
. I .. . 10 ——E,=50 kV/m
v Slgﬂﬂl ol . Exoi 75 kVim
electron RF Deflector Pickup 6 300 1 < T B 100kVIm
= i Tem = 360" T625MHz T D
I m o'? 7r =397 mm
/\ EXT : o Fwsn |
Jy S b w,=0.5mm
T Oy fu > ERR * Electron energy 8~ 12 keV
J 3 e Full Phase distribution 30 °
2
Ao p W, w, w, ; * Drift length L; 397 mm
o bl 2dx 2 LT tan Qx 2 LTHx %0 10 w 0 0 s e 7 s s 10 * Electrode width Ly 43 mm
’ Lenath of deflecting plates L. [mm]
325 * E-field 25 ~100 kV/m
t 3.00 5 ——e energy EK_=8 keV
1 ¢ 1 275 | e e « BSM phase resolution
6 =— j E (z,0)dt =— j sin(c, 7 + ¢, )t 250 e
’ Bp : Bp 4 =0 a5l & energy EK, = 12 keV <1% of30° @ 162.5 MHz
0 center X i
= 200f
o= ars| W (20 ps / 500 ps @ 162.5 MHz)
bﬁ
2

Resolution of BSM

A ————=512ps
Tem = 3607 162.5MHz P
Lt 397 mm

125

2L 0 L L,=43 mm
. u vhead 4], i 100 [ w, = 0.5 mm Alignment & mechanic issues
0.75
0.50 -
L 75 kV/m
025 4 v v o ¥y ! 1

courtesy of Wai-Ming Tam thesis 20 40 60 80 100 120 140 160 180 200 220
peak electric field E, ; [kV/m]
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Performance of HWR RF-Deflector- the 1st version BSM

o Off-line test
 Thermal electrons emission
* RF deflector power on

» Check power signal and SEM signal

=3

Thermo- Thermo-
electrons electrons
emission deflecting

Current
source

Tunner

RF Source
325MHz

Power Amplifier

—
RF Deflector

HV platforr
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Performance of HWR RF-Deflector- the 2nd version BSM

* The improved RF deflector is more stable and easy to tune
* Improving loaded Q value from 300 to 900

Unloaded Q =1923 &

Tre! EEE Smith Ref1U  Calint Offs

5711 b1 32502400 MHz  56.098
Sl §566.37 M0
86458 pF
{0700 MHz 28037 O
CST 8008 O
17479 pF
Hz 28581 O
28638 O
14027 nH
'l
Mode 3 E-Field a
Frequency 0.325915 GHz
Phase 0°
Cross section A g
Cutplane atZ 0.000 mm Chl fb Center 325MHz Pb 0dBm Span § MHz
p

Maximum (Plane) 8.54299e+07 V/m
Maximum 7.5515e+08 V/m

1/28/2021, 4:18 AM

Loaded Q=914 ®
CST Tred dBMag 5dB/ Ref-30dB  Calint 1
dB Mag 10dB/ Ref0 dB
a5 MZS 1045 Ret0 o8 S21 M1 32502200 MHz -13 420 dB
M2 32483087 MHz -16 420 dB
M1 32500500 MHz -4 18965 dB B Ma i (] WHZ —te 228 B
M2 31612500 MHz -16.871 dB g ‘M4 32501753 MHz -13 434 dB
M1 42500000 MHz -4 972 dB L Behetne ATV P — treking
M2 316 20500 MHz -14.033 dB !
I— | Y M2 32500500 MHz 13460 45 | k- CrErER T T
ut = Upper Band Edg 325195265 WMHz
LR RN} w b QualityFactal an4 O
~dra Lo 13429 4B
D I
v |
Mode 2 BE-Field & L
Frequency 0.316832 GHz L
Phase 0° i
Cross section A L, 1 L
Cutplane at Z 0.000 mm A\//_ — 13
Maximum (Plane) 3.53561e+07 V/m L -
Maximum 1.51397e+08 V/m
Ch1 fb Center 325 MHz Pb 0dBm Span 25 MHz Ch1 fb Center 225 MHz Ph 0dBm Span 10 MHz

2/1/2021,12:19 AM 1/28/2021, 4:14 AM
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Bunch shape measurements using the 2nd version BSM

LEAF BD GUI (81.25 MHz, 500 keV/u, 500 euA)

&l LEAF_BD_Home_3.0.0pi &2 | & emittance.opi | g LEAF_SECR1.opi ® @, 100% -~

LEAJ; Beam Diagnostics GUI

Terminal | Beam Energy Spread & BSM | Transverse Emittance & Profile IFC]| Lengitudinal Bunch Length [FFC] | Beam Position & Phase [BPM] | Beam Energy [EPM] | Energy Spectrum [Sillnon]l
BSM DUMP
3\

Beam H2+

DIL

Rebunch2 |

Rebunch 1 ‘
BPM-1] m BPM2 o, N o

E E [ Monitor | Setup | E M ] Setup
=023 mA
ACCT-1| o. b
5 | 0.000 .
- ACCT-2| 0000 m | 3 X -10.0 mm
§ 0 Jafivypipeiiil A e W S e ST E‘ Y gy mm
L Transmission ()| o
-0.1 LB ree
E_0 180 250 5{)0 «lao 5<|)o alao 160 eclzo 9:70 1o|oo nlco ulee 0 100 200 300 400 500 600 700 200 %00 399 Phase -1l e
Points Points
= BPM-ZI
=03 FC-4 0011 =~ | E
E.] s X -10.0 mm
] Acceleration (0.00% =
go,l- 2 Y 4.3 mm
@
R S w | T e g Phase 544 cume
L Control -m
B‘o 1 T T T T T T T 1 e §~
o w0 o w0 40 S0 &0 70 %0 %0 100 10 113 [T —_——— 0 W 2o w0 40 so &0 1m0 w0 so s ENETGY  4.059 wmen
Points | | Points

Copyright © Beam Feedback Group
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Bunch shape measurements using the 2nd version BSM

BSM Parameters

Wire HV
Dipole |
Corrector X |
Corrector Y |
Collimator bias
Plate 1 bias
Plate 2 bias
SEM bias

RF power

- 6.5 kV
3.75A
1A
7.85A
-500 V
- 3500 V
- 3700 V
- 1.4 kV
10W

Beam Signal [mv]

& & F § f

]

¥

Bunch Shape Measurement System

K|+ |%|| i) wld#z|alajoft [+ | o|e]| @)

§ 8 &8 b 8 -°
"t ]

Beam Signal (mV]

e
200
2500
200
200
2000
1500
1420
100
100
1000
3
w0
“
0

188k 3 -
k3

Pl e T il DN T ET LN P R PN
=

RF power ON

Beam Current [mv]

T &3 EEEEEEEUEEEEBE

Beam Gurrent [1V]

Dump 13402 mv

TR A b 8§ E B

Eh 0§ b & b o8

Dump 24957 mv

BSM -204.9 mV

Dump

ov-tov

BSM -36.3 mVv

Amo. range
Trioger mode
Dag. length

Delay fus)

Racomnans 10+

Sigast start (poing)
Stgnat engih (poing)
[rm——

Basain staet (paing)

Basatine. ogth (point)

Dump.

—RF—peWaLGFP Copyright © Beam Feedback Group

Points.
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Bunch shape measurements using the 2nd version BSM

By manually sweeping the phase five times, the phase distribution remains consistent

£ *<Not saved to file> 52 =

= (]2 A ()e]la)(s )@ (= Rebunchl ©
o] -
1l | esMymEEREsR -
sl 1 MHB(2nd)+RFQ+RB1(1.2kW)
g ' §' 500keV, 500us@5Hz, 80euA@Du
EI§ z 54
U)I _Eq.c- . '
23] Rebunc Atk o
= L . |
Z 1§ 2] Ist 2nd, 3rd I Reblinch] | bunchl
S .47 7 : i rd. power o [
e I Change phase shifter Change . Change Change %Y | Cr on| gower on
- ] with the step of 10 degree phase shift phase phase Change | ¢hange
81 2] and the changed time oglGg with thes—ge | shaftess | piger Phasee | Hhasge
"] seconds step of 10 with the |\t the shifter | dhifter
gl =d degree tep of 1 with the | with the
r] T4 Step o step of 1
] and the deoree step of 1 | step of 2
=1 84 g degree
ENIRE changed and the |, 7 the degree | degree
o] time of 5 chaneed and the | and the
.1 %1 g changed
= _ seconds time of 1 [0 or 1 changed | changed
23 seconds P time of 1~ time of 2
LELIN B L LA A NS A A LR E AL NN B AN I LA IR 1= V16 § (31 LA RS IS L IR PR N NN L L A L S R A I
10:55 11:00 11:08 11:10 11:15 11:20 11:25 : 11:35 seoends seeonds 1150 11:55 12:00 12:06
2021-07-19
: - Administrato|

— — — p— | T— — I ———————— -
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Bunch shape measurements using the 2nd version BSM

100

Rebuncher power on and off

-100 -

II\)

o

o
|

-300

Intensity [a.u]

-400 |

-500

phase distribution when Rebunch 1 power on
phase distribution when Rebunch 1 power off

sigma = 6.9236, FWHM = 16.30383 °

-10
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Phase [degree]

100

RB1=0.51kW FWHM=536.2ps

FFC
Measured the phase distribution about 536 ps

BSM
Measured the phase distribution about
9547 ps =(16 / 360*12.3 ns)

Keep an agreement
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OUTLINE

B Demonstrator of direct measurement of longitudinal emittance
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(1) Slit2-H in the 1st waist
(2) Wire of BSM in the 2" waist £

H

and exit edge
(8 angle of dipole
& are 26.5°

&m;iiAm'Eﬁ'E 2023-10-31 09:50:10

IERTF: FFR RN PR w=RNE]14.571 W RKAER 156 MeV

LFC1 ~0,0004mA ACCT :0.019 mA MFC1: 0.3388 mA MDUMP : 0.0008 mA £1KFC 10,2026 mA
SWIEIRR

MO R s gys  HEFC
i [N
[EEE]
Il
3 : -"’\: |.‘ -
: = I

LFC LEBTIEIA i
ceer-rc [N &7 B ceniamia r.izaﬂﬁﬁitii-MEB”M‘m

Ei @ T‘ o Ef 5 @ T
= &

LEBTHZ : 2.80E-5 mbar RFQIFSEHAT . 463E-5 Pa MEBTHZ : 1.06E-5 Pa
BEEAZT: 196E5 Pa
LeBTEZRP: [ RFQIEzERZ=R: [ MEBTHZ®RIP: [ pzEzsr: [
TR 1TREE RFQEMEZ : 1735 Pa
150M : 0S Start RFQIZERZERIF - ENEN ISILERTRY (MRS ABEE EUSR) SOAR MPS
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Demonstrator of direct measurement of longitudinal emittance

waist - to - waist transfer matrix

| [ p— 0 : v
e My=-1, My,=0,Myg=D=-2m, L=997.17 mm
ol : B (R ’
o el i : : e O = M, x+M,-x'=M, -x
] R — x: Slit2-H width of 0.2 mm at the 1st waist
5_5:: Resolution of momentum spread Ap / p
o - : 5=BP _Cpx _02mM 4 64— 0.01%
00,000 p D 2m
g /\ | Resolution of BSM Ao,/ 6,4
MR L « Min. step of phase shifter is 0.7 ° at 325 MHz
o] E— |« Resolution of BSM is 20 ps / 500 ps (full length)
=3 | E— — \\ - Total resolution of BSM is about 1.25 ° / 360 °
: 5 : 7 2 =

Position ()

Courtesy of Yuanshuai Qin and Duanyang Jia
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Procedures of direct measurement of longitudinal emittance
(1) calibrate the phase and voltage of the buncher in the synchronous

_fig_q..

(2) adjust the corrected magnet to keep beam position and energy constant

Sli2-V Shi2-H Slitl-v §litl-H

(3 use the wire of BSM in the 25t waist to measure the energy spread distribution

Fi

1]

(4) get the energy sweeping range and set one dipole current

(5) scan the phase value of BSM to measure the longitudinal bunch length

Dump

AMP Calibration buncher voltage and synchronous phase (by BPM phase value )
15000 Phase
~100
y = 168.73x 200 -150  -100 50 0 50 100 150 200
10000 Rz =0.9998 0 -105
8000 . o« o, -110
o | ® s
6000 o @120
.* ..' B ’
4000 o’ 128 °
000 -130 | @ °
i sty et
’ 0 10 20 30 40 50 60 70 -140

Courtesy of Yuanshuai Qin and Wangsheng Wang
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Procedures of direct measurement of longitudinal emittance

Energy spread distribution using BSM wire in
center and sweeping dipole

<

H-profile by sweeping BSM wire when keeping
dipole value in center

4.5x10% 6x10° d d when bunch ff o0 I =——measured H-profile at 2" waist position when Buncher on ox10°% —— measured H-profile at 2" waist position when Buncher off
measured energy spread when buncher on measurea energy spread when buncher o —_— -orofi nd o . r e .
4.0x107 | measured energy spread when buncher off 5x10° measured energy spread when buncher on 0.040 - messured F-profle &t 27 wast postion when Buncher off 8x1(® |-~ Mmeasured H-profile at 2 waist position when Buncher on
X - L
3.5x10% |- Slit2-H notinserted . [ Slit2-H inserted in the pipe center at the 1st waist position 0.035 - Slit2-H not inserted 7x10° | Slit2-H inserted in the pipe center at the 1st waist position
i 4x10” - FWHM of energy = 16.01 keV r
ox102 kb . | o — 0.030 s
=3 310 | " FWHW of energy = 13.899 keV/ =2 \ 6x10
© 2| e 3x10° ©, 0.025 | 3 i\{\IHM of H-profile = 8.035 mm
= 25¢10 , ! | 2> \~ 5x10° -
= L0 ; ) a 0.020 \ FUWHM of H-profe = 091 rm
e 2.0x10" ! 2x10” - o B 4x10° b )
[ F ! € X
£ 1m0t : FIWHM of sriergy = 24.328 keV " = 0015 | FWHM of H-profile = 14.439 mm
| - 1x10” 3x10° | <
1.0x10° r 0.010 - FWHM of H-profile = 13.418 mm
N 0 2x10° - ,
5.0x10” |- 0.005 - " Y,
| s . -1x10° b 300 enf > 1x10° .7 \
0.0 : proton beam current 300 eyA =TT == - proton beam current 300 epA 0.000 k proton beam current 300 epA proton beam current 300 epA ™
L maoro pluse length 100 ps @ 1 Hz repetition fraquency macro pluse length 100 us @ 1 Hz repetition frequency : | meere p.luselleng.m 1?0 it @ 1] Hz "epe:'“""‘ freqluemfy L o . ., ., maopluse length 100 us @ 1 Hz repetifion frequency
_5.0¢10° 1 I 1 1 1 1 1 5 L N T P T B N B " ) " i - -
148 150 181 182 183 154 186 156 149 150 151 152 153 154 155 186 157 220 45 0 500 5 1001820028 26 20 A5 A0 50 5 04520 25
Beam energy [MeV] Beam Energy [MeV] BSM wire position [mm] BSM wire position [mm]
« Keep beam position and energy constant » check energy sweeping range
i i " E L 3
Conditions H-profile center FWHM of H-profile Energy Center FWHM of ES distri. Aw/w

Buncher off, Slit2-H out

-0.86 mm

13.418 mm

1.51839 MeV

24 328 keV

1.602%

Buncher on, Slit2-H out

-3.76 mm

8.035 mm

1.51563 MeV

13.899 keV

0.917%

Buncher off, Slit2-H in

5.69 mm

14.439 mm

1.52731 MeV

19.54 keV

1.27%%

Buncher on, SIit2-H in

6.57 mm

9.091 mm

1.53351 MeV

16.01 keV

1.044%
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Longitudinal emittance Measurement GUI

317.0 318.0

PS5 Current [A]
314.0 315.0 316.0

313.0

312.0

0 50 100 150 200 250 3[)0. 350
Phase Shifter [degree|

Background0.00 % Recalc Twiss a 0.015
Y Twiss p 48.899
RMS 224.858
Export Data {r m mrad)
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Beam Diagnostics GUI

-0.10

BSM Signal [V]

=0

Emittance Measurement

- PS Current -

PSCurrent  318.000 A 318.036 A
Start 312.000A
End 318.000A
7 | Phase Shifter Degree 360.000
Step 0.2A
Poshum 31 19 Py
WS Current -0.000000 mA Counter 31
Phase Shifter
on-Line @ off-Line @
ws Pl O | Start 0.0 degree
End 360.0 degree
Step 1.0 degree
On-Line Off-Line
g Pull out -Mt:mm o Posum 361
' h Counter D
Phase Distribution -
=]
(=)=

T

™

"0 20 4 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Phase @ 325 MHz

"PS Current" refers to the dipole
current setting

"Phase Shifter" indicates the BSM
phase scanning

"WS" represents the wire of BSM
in the center

"SL" signifies the Slit2-H in the

center.

IBIC2024, Beijing, China
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OUTLINE

B Measured longitudinal emittances in 9 conditions
B Conclusions

B Acknowledgements
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Longitudinal emittances with buncher voltage of 48.4 kV

Bunch shape distribution when

Longi.emittance when buncher power off 5
beam in the center energy
. h 4 h h 1.535 7
with 4 synchronous phase
y P 153 Buncher power off :
i) ='1.525 5
> 1
Bunchey +180 d =
unchey + egree
h @ 48. kV,1.470%/IeV P 1.52 4
@
Buncher +90 c
10 @ 484 V.1 15 VeV uj 1515 3
8 Buncher 0 degree 1.51 2
=) @ 48.4 kV,1.566 MeV
S o6k 1.505 1
> L Buncher -90 degree
i 4l @ 48.4kV,1.518 MeV 0
C
“GE) 80 100 120 140 160 180 200 220 240
= 2} Buncher off, 1.520 MeV F’hase [degree]
L proton beam current 300 epA
0 macro pluse length 100 pus @ 1 Hz repetition frequency
1 | \ | L 1 " | : l 2 1 L

50 100 150 200 250 300

Phase [dearcel ** Buncher turned on to 48.4 kV with 4 synchronous phases

Longi.emittance when buncher voltage 48.4 kV, phase -90 degree Longi.emittance when buncher voltage 48.4 KV, phase 0 degree

Longi.emittance when buncher voltage 48.4 kV, phase +90 degree Longi.emittance when buncher voltage 48.4 kV, phase +180 degree

1.535

i Bunching 1.518 MeV @ -90°

1535

Accelerating 1.566 MeV @ 0°

Decelerating 1.470 MeV @ +180°

N

Energy [MeV]

P

rno

w
Energy [MeV]
a L B o
o XS] w w

3
=

1.505

100 120 140 160 180 200 220 240 260
Phase [degree]

80 100 120 140 160 180 200 220 240 80 100 120 140 160 180 200 220 240 60 80 10 120 10 160 180200 20

Phase [degree] Phase [degree] Phase [degree]
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Longitudinal emittances with buncher voltage of 96.3 kV

bunch shape distribution
different voltages @ bunching phase (-900)

Longi.emittance when buncher voltage 96.3 kV, phase -90 degree Longi.emittance when buncher voltage 96.3 kV, phase 0 degree

535 1.7 1
153 Accelerating 1.610 MeV @ 0°
0.8
> 1525 1.65
©)
=, =
> 1.52 = 0.6
o >
/ 2 5
c © 16
51515 £ 04
1.51 .
con over-focusing | 02
Buncher -90 degree
@ 48.4kV,1.518 MeV 0
/ 100 120 140 160 180 200 220 240 260 0
b Phase [degree] 100 120 140 160 180 200 220 240 260
10 b Phase [degree]
i Buncher -90 degree
E) 8 @ 96.3kV,1.5¢7 MeV
© s
= = Longi.emittance when buncher voltage 96.3 kV, phase +90 degree Longi.emittance when buncher voltage 96.3 kV, phase +180 degree
> 6 /
_%' | 1.6
c | 1.6
5 4 8
e T Buncher off, 1.520 MeV 1.58 . 7 g D lerating 1.422 MeV @ +180°
2F proton beam current 300 epA 156 DebunChlng 1.517 MeV @ +90° 99 SelzlebEkig] . = @ 80
0 [ macro pluse length 100 us @ 1 Hz repetition frequency < ' 6 <
: ] ; ] . ] . ] A §.1.54 5 é 1.5
0 50 100 150 200 >1.52 >
5 4 S1as
@ @ 1.
Phase [degree] 5 15 , &
1.48
2 1.4
1.46
1.44 ! 1.35
0
80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200
Phase [degree] Phase [degree]
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Comparisons of Twiss parameters

» Subtracting the background: variation in longitudinal emittance should not exceed 5% when subtracting
background data exceeding 1%

Buncher paramters Measured results Simulated results g growth MF
g€ o B g o B

7T.mm. mm/ gmmmr mm / % %

mrad (m.mrad) ad I (r.mrad)
Power Off 0.2995 -4.8622 10.7768 03709 -27287 14.5981 -19 261 /\/O
48.4 kV @ -90° 0.8857 -1.0586 1.8946 1.703263 -1.3271 4.5917 173 78 f"@e
48.4 kV @ 90° 0.6354 -6.3765 12.1468 08074 -6.3386 26.7958 -21 445 0 3
96.3 kV @ -90° 0.2555 -4.7848 6.2706 0.5476 -5.7548 16.5634 -53 191 ag/.e
96.3 kV @ 90° 1.8203 -9.4312 16.2801 12391 -10.4577 40.9203 47 150 @/77@
484 kV @ 0° 0.8994 -3.7317 7.6373 03699 -27216 144216 143 250 s
48.4 kV @ 180° 0.7002 -4.0026 10.1502 03725 -27817 145123 88 184
96.3 kV @ 0° 0.8984 -3.6575 7.0327 04002 -2.7957 14.5785 124 268

96.3 kV @ 180° 0.8511 -2.445 6.498 0.4077  -2.8073 14.3978 109 136

 Initial Twiss parameters from the output RFQ not corresponding to the measured beam

« Conduct a benchback simulation using the measured longitudinal emittance and
Twiss data to refine the theoretical data

Courtesy of Yuanshuai Qin
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Conclusions

» We successfully develop a direct longitudinal emittance platform with high resolution for hadron LINAC

» Nine longitudinal emittance measurements were conducted for two buncher power values at four phase

degrees, with the buncher power turned off, in a 1.5 MeV proton MEBT

» Using the waist-to-waist transfer matrix to enhance the resolution of the energy spread distribution

» The impact of transverse emittance on the energy spread is mitigated, now the resolution of ES is 0.07%

since the dipole power supply control the minimum step is 0.2 A (0.20 / 320 A full range)

» The developed BSM can achieve a resolution smaller than 20 ps of the full distribution of 500 ps at 162.5 MHz

» Directly measuring the longitudinal emittance, understanding the actual beam phase space distribution,

conducting a bench-back simulation using the measured data
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