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Outline

 LPA driven Bright 2-7GeV electron beam
for Tao Charm physic

* Progress of lon acceleration



Moore’s Law in HEP accelerators

A

7 V4
10YeV .
/LHC
1018eV |-
10V%ev |-
100TeV |- "‘jmu(?ff—'ﬁ
10Tev |-
1TeV |-
b P ek [ 2
100GeV |- IR
art /S .
10GeV - \ e
mFFE mAEY /),Eh%“ﬁéibn}zﬂ
ey R g [oa) 287 [ 6 A0 T 7%
1GeV I~ g  NiF SRR
RENINE
toomevf A TR R
DIELE
1oMev| T
e %”‘/(’;gﬂmg
100keV L 1 1 1 Ly

1930 19240 1950 1960 1970 1980 1990 2000 2010

Effective energy
Eg = Ecn 72K,

T
Energy in CM
E.. =.2EE

CM Energy for e+e-/LHC



Luminosity of et+e- collider
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Single stage > 10GeV->TeV ?

« 2014,LBNL,(~400 TW),(~9 cm),4 GeV electron
beam

. Brightness ? Energy spread/ Emittance/Charge
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Leemans et al, Phys. Rev. Lett., 113, 245002(2014)



Bean rephasing to increase the brightness

Average electron

« Energy spread ~0.5%

« Emittance ~0.5 um (RMS)

« Charge ~20pC
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Hu et al, Phys. Rev. Accel. Beams, 19, 091301(2016)
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Tonization-induced

. Gradient injection Energy chirp control
Injection
5.7%x 10" cm3 2.5%x1018 ¢m3 7-9 X 1018 ¢cm™3 ~3x 1018 ¢cm3 1.1 x10Y¥ ¢m3 6x 1018 ¢cm3
Injector (He/O5) Acceleration (He)

Interferogram

TITTTTTTT T

Laser

He2

Accelerator Gas jets

o
(=)

y (mm)

DO
L
/ .\ Density~" ' Gy

/ DomD “Plasma density profile

15 0.4 | & \\
0 0.2 -10 20 — ;
15 0 0 ]\ 10 /

o
-

Stage 11 —— =

\
\
-\

— N o 2 x10®
k> 2 - ) | 15
& Q , 3 a
30 40 70 40 60 80 £ 103040 100 30 40 50 \. J ' tagem
E V V > g < - a 1 | 5
nergy (MeV) Energy (MeV) Energy(MeV) Z ~—— S »—11 L
X (mm)
Injector: Energy spread Injector: Energy spread 10
100%% %
Energy spectrum
- _ Electron beam o
105 i 0.02 g 10 10’ E S 20 3
0.15 0.30.51 =« 0.5 0.8 11 = 300 500 1 200 300 400 500 600 700 § Q-S E
S — = 200 600 1000
Energy (GeV)  Energy (GeV) Energy(MeV) b 300 500 700 Z Energy (MeV)
Injector+ Accelerator Injector+ Accelerator Injector+ Accelerator
0
Energy spread <25% Energy spread 3% Energy spread <1%

Phys. Rev. Lett. 107, 035001 (2011). Appl. Phys. Lett. 103, 243501(2013). ~ Phys. Rev. Lett. 117, 124801(2016)
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A XFEL platform based on a LWFA has been assembled at SIOM
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10 GeV-class e-beam generation from a cascaded LWFA using an capillary
discharge waveguide powered by a 1-PW laser pulse
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Injection by Short wave laser, to separate the injection process
from the wakefield excitation process.
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Luminosity of LLPA for tao-charm physics
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Outline

 LPA driven Bright 2-7GeV electron beam
for Tao Charm physic

« Compact Laser proton accelerator
(CLAPA) at PKU
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Compact Laser proton accelerator (CLAP

Compact LAser Plasma Accelerator (CLAPA)

laser 200TW/5Hz
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Proton spectrum and angular profile
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Proton spectrum and angular profile
@1.2um polymer

-

o
—_—
=)

10°

108

dN/dE(/MeV/sr)

— TP spectrometer

10"E = RCF+CR39 \ g'

0%k & ¢+ 5 3 v o5 v v o3 ow g ¥
16

Energy(MeV)




w1 # RAL 50 pm
0 ' B RAL 50 pm
§ ¢ % 00 o A LULIZ20 ym
% § - X ﬁ X LULI10 pm
‘S g 20--—r - s X XT £ LULI10 pm
2 g - m- X # LULI20 pm
E' & i 2 # LULI10 pm
r ¢ 10-“1—} - LULI 50 pm
] : Je * - LULI 25 um
TN ,'. BB TITAN data
0 T T T T T « data A. Mancic et al.
0 0.2 04 06 08 1 *PKU 1.2um
Proton Energy E/E(max)

Figure 12. Compiled measurement of proton beam divergence obtained from several
laser facilities (see text for references).

Bolton, P.R,, et al., Instrumentation for diagnostics and control of laser-accelerated
proton (ion) beams. PHYSICA MEDICA-EUROPEAN JOURNAL OF MEDICAL PHYSICS,
2014. 30(3): p- 255-270.
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Thickness scan

Al polymer
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Proton energy (MeV)
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Y. Gao et al., An automated, 1 Hz
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Under review.
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Proton spectrum using Al & polymer targets
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Advanced nanometer targets at Peking Uni.
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Self standing targets
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N Carbon nanotube foam

Carbon nanotube foam
~1% of solid density
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J.H.Bin*, W.J.Ma*, et al., Physical Review Letters 115, 064801 (2015).



N LPA for ion acceleration?

Related works

Similar ideas in electron bubble regime

[9] T. Esirkepov, S. V. Bulanov, M. Yamagiwa, and T. Tajima, Phys. Rev. Lett. 96, 014803 (2006).
[10] O. Shorokhov and A. Pukhov, Laser Part. Beams (2004).

[11] B. Shen, Y. Li, M. Y. Yu, and J. Cary, Phys. Rev. E 76, 055402 (2007).

Linear ion wave in electron bubble [9] A small fraction 4°f light ioqs mixed
into a plasma with heavy ions [10]
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Similar simulation results have been observed before

[12] D. Habs, G. Pretzler, A. Pukhov, and J. Meyer-ter-Vehn,
Progress in Particle and Nuclear Physics 46, 375 (2001). [13] S. M. Weng, M. Murakami, P. Mulser, and Z.
M. Sheng, New J. Phys. 14, 063026 (2012).
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from 4 to § GeV 0.4 (c) . 5 - ““- In I.’ne RT regime, thc
e - p - electrons behind the laser
2 ' front are highly heated due
e ~ 0.0 //\ | to their strong coupling with
Q_o 2/ t the laser, but only a small
S 0'4 t number of fast ions are

generated in this regime.
10 20 30 40 1 __ =

x/N

At almost the same time that they
found the electron bubble regime
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B.Liu et al.,, PHYS. REV. ACCEL. BEAMS 19, 073401 (2016)
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