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Size Does Matter! — Too Expensive and Too Big!

6.86 kmupto 1l TeV:
$120-150 M

Particle Energy, electron Volts

LHCICERN

27 km, 6.5 TeV (13
TeV total, 2015), $4.4B
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Comparison of Particle Colliders
o s g e ot srgie,acuro v bl 1

ILC (0.5 TeV, $15 B)

S

100 TeV (80 — 100 km, $ ?? B)

CLIC
CLIC (3 TeV, $ 15 — 20 B)

- Practical Limit of Accelerator
Technology at the Energy Frontier:

-> Significant increase of construction
and operation costs (Cost increase per
GeV CM by an order of magnitude for
last 40 Years): Strong Demand for New
Technology



Prospective Colliders for Future HEP Research

Type Energy Int. Lumi./Oper. Power Cost
TeV, c.m.e. Time. years B (unit)

Linear Colliders (Due to
0 25 2 ab’l/11 yrs 129 5.3ILCU -—
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4ab/10 yrs 163 (204) SILCU beam-strahlung) —_
v 300 ! et+e-: <3 TeV (IP) and 10
CLIC ete- 0.38 1 ab'l/8 yrs 168 5.9CHF - .
5 2.5 ab1/7 yrs 370 £5.1CHF TeV (focusing channel)
3 5ab/8 yrs 590 +7.3CHF
CEPC ete- 0.091 16 ab™!/ 4 yrs 149 5% -
0.24 5.6 ab’!/7 yrs 266 +9 -
» —
FCC-ce ete- 0.091 150 ab’'/4 yrs 259 10.5CHF
0.24 5 ab’l/3 yrs 282
0.365 1.5 ab'/4 yrs 340 +1.1 CHF L Circular Colliders (Due to
LHeC ep 0.06/7 1 abl/12 yrs (+ 100) 1.75 CHF Synchrotron Radlatlon)
HE-LHC PP 27 20 ab'!/20 yrs 220 7.2 CHF e+e-: < 0.25 TeV
FCC-hh PP 100 30 ab!/25 yrs 580 24 CHF (Higgs Factor) —
Coll. 14 50 ab!/15 230 10.7* CHF
e S R proton-proton: < 100 TeV
Ref.: V. Shiltsev, arXiv:1907.01545
\ 4

Only Option: Dense

pt+u- or pp Colliders

> 30 GeV/m within 10 km foot print

Plasma Acceleration
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Plasma Acceleration in Solids?

Plasma Wakefield Acceleration
(T. Tajima, J. Dawson 1979)

> Gas-Phase Plasma

Electric Driver

Witness :
Electrons Field (Electron/Laser/Proton)

lon Bubbles

E, = ”’iwp N IOO[G;V]-\/nO[IOIS(Jm“%]

BELLA (LBNL): 8 GeV over 20 cm
FACET (SLAC): 9 GeV over 1.3 m
AWAKE (CERN): 2 GeV over 10 m

Opportunity
for Multi-TeV
Colliders

Drawbacks

a) Low Photon-Beam Power-Conversion Efficiency
b) Positron Accelerations

c) Staging Efficiency

d) Beam Emittance Control

e) Energy Spread (30 % for 10 TeV, 80% for 30 TeV)

Plasma Acceleration in Solids??

Nuclear
1020-102cm= > 1~ 30 TeV/m Lattices

Crystalline Plasma Channel

Channélinq Accéleratinq in “Crystals”??

* Ultra-High Gradient (TeV/m scale?) (Final Energy =
Gradient X Distance)

* Strong Focusing

* Beam Control (Bending, Collimation)

* “Inexpensive” Method: = Cost Effective, > Less #
of Stages for Re-focusing/Re-Phasing = Single Stage



Acceleration in Dense Plasma (Solid-Level)
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< Beam-Driven Acceleration Laser-Driven (X-Rav) Acceleration
«
o 1000
e E ——50 MeV 107" AE =2m Czazy2=2m ca?| Lar
= 3 =300 MeV =2 p - 0" "0lph R
o 3 100 850 MeV 2 5 1 en
8 E —Theorv g 105_ Ld —_A'pao (7) P—TAP[IO —c)
= E 5 10t "'-.._ dephasing length s pumpd;p]IZﬁonlengi;
= 5 10 - Q .
5 : 5 " —theoretical
@) o] V4 2 107 1cev .=t eoretica
' 5 ] "
o = = 107 ) : _
X s 17 8 . , 9—experimental
z 2 n, =10?2 cm3 w10’ 0 N
° < ’ (b)
< 100
0.1 T T T URRAN URRRSN URARRL
001 01 1 10 100 1000 107 10° 10 10%
Normalized Bunch Charge Density (n,/n ) Plasma density (cmal
444444 - N oc A2 c Epp2 - ., =107" (1eV photon)

—> 1027 (10keV photon)
n, = 10'® (gas)—» 1073 (solid)

- Y. M. Shin, et. al., NIU, Fermilab - T. Tajima, et. al., UCI
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Acceleration in Solids (XRD Acceleration)

- XRD Acceleration Using Bormann
Anomalous Transmission (BAT)

X
-

Lattice Structure

I I
en?i“_.k_«m::: O
‘-\.‘_‘_“
(] lT @ IT
—
(a) (b)
I I
— ———————— I ——————————
J:Ci \1/ <~
| I, (a)
- T. Tajima, M. Cavenago, :
PRL 59, 1440 |
’ I_(b)
N7
' 9

- Simulation Validation (BAT)

Incoming
Plane _
Wave

W

Atomic l.attice

3%!!!b$

' iJ

FeterPe 0

_-s-

Crystal Plate

oA l{{
6 - —4 crystal layers

— 10 crystal layers

MNorm. Amplitude [a.u.]

* 10* diffraction

order (A = a/10)

10000 11000 12000 13000
Frequency [PHz]
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Challenges on Acceleration in Solids

Challenges (V. Lebedev @ Fermilab)

For Positive Particles
Crystal Channels
Reduce Multiple-Scattering
- Focusing (Channel) ~ 2 x defocusing
(Plasma Wave)
However,
Limited Focusing Area (Bubble Regime)
- Only Central Channels for Focusing
(Wakefield Defocusing > Channel-Focusing)
Too Low Acceptance of the Channel: 4 orders
of magnitude smaller than gas-plasma with the
same electron density
(e.g. Single Channel: ~ 5 pm for 10 GeV
Muons)

 For Negative Particles

a. Focusing around Crystal Plane/Axis - Greatly
Increases Multiple Scattering

b. Acceleration to high energy requires focusing in
both “Transverse planes” - Axial Channeling must
be used

- impact parameter in interplanar units

10
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Defogusing )(
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Electric field on distance
between two crystal planes

0 1 2

impact parameter in interplanar units

Electric field with a Plasma Wave in
a Bubble Regime (Over 4 Planes)

a. Channeling may avoid nuclei-scattering, but sti
Is present in the channel.
b. Acceleration Condition in Crystal-Channel,

Il electron-scattering

Channel Acceptance > Emittance Growth

(5‘” %kpaoz\/%) rL, \/%) -

E../Eo = 10 (for p+t)
- Acceleration at the
maximum possible
rate is desirable

(55” S E)
*Bigger Size of Channel Structure




2 Accel ion Conditi Ch I Si.
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Fig. 2. (a) Effective plasma density, (b) acceleration gradient, (c) dissociation
time scale, and (d) dephasing length versus channel size (carbon-based).




Nanostructures: Path Toward TeV/m Acceleration

cm ~ meter (MeV/m)

"

pm ~ millimeter
(MeV/m - GeV/m)
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nm ~ pm
(GeV/m - TeV/m)

A~nm (> TeV/m)

CNT-Accelerator

Stepping-Stone Toward
Crystal-Accelerator
(TeV/m)

~ -
~--—————



Acceleration in Nanotubes

Beam-Driven (Self-Driven) Acceleration

t=0.15ps

Laser-Driven Acceleration

t=0.25ps t=0.35ps t=0.45ps
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Y. M. Shin, APL (2014)
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Plasmon (Plasma-Osc.) Accelerations in CNTs

(Photo-Excited) Plasmons in a CNT (Luttinger-liquid: 1D Fermi-Liquid) Ref.
Nature Photonics, 2015

" T Appl. Phys. Lett. 106, 182905 (2015)
- osh RSC Advances Issue 42, 2016, Issue in Progress
: Synthetic Metals Volume 103, Issues 1-3, June
30 1999, 2555 — 2558
§ Optics Express 21, 022053

PRL 115, 173601 (2015)
3 5 Physics Letters 87, 173102 (2005)
« 0 ) 100 Nature Photonics 7, 550-554 (2013)

Wawsbegth (07w

Phase-Matched Plasmon Acceleration (~ Plasma Acceleration in Linear Regime) in CNTs

Optical Laser "
53 ~/;s
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Photo-Excited Charge Densitv§
modulation (CNT-Wall, n,)

‘/ Plasmon

Laser

Channeling ™ - E
Electrons

W
‘VWIWM" *- ? ’ photons
SR Eleotron Durithae e Rain Liube Phase-Velocity Matching Condition

N

(a) (b) Uy = C\/l_ a)ﬁ/a)z
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Plasmon-Phasing Condition in CNTs

Dispersion/Absorption Relations (CNT-Bundle)
K = kT + lkl

w’f, w’zz,
g ———+t— | ———L—
L w? — wj/2 L w? — w)

2
g — (0'h/w? — wl) (cos2 0+ wz—w—wﬁ/zsmz 6)

k(@) =2

ki(w)

£ +l¢ wlzz’ (wz_wzzj 2
v w2 T\t T )\ — w2y

2 2 2

w' w* —w .
L cos? 0 + ——=F=sin?0
w w? — wy/2

12
W VW

T 2( 02 2)?), w’127 wlzz? 2 (wz_wf’)z
2c ((U —Cl)p) r SL_(UZ——(UIZ,/Z SL—m + | cos 9+(—

w? — w2/2)

5 sin? 9)

2 2

2
@ > sin? 0))

2
w' w
_ p 2 - P
<$L wz_w2<cos 9+w2—w2/
p p

(a)
— 6=0° |
—= 6=30°
== 90°

15
3 10
)
ot
5
0
100
S s
o
= 0.01F
1x10"*F
1x10" 9

._.
W
o



CNT-Acceleration Parameters (e.g. Laser-Driven)
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Prior Efforts on POC Experiment (Case-1)

. 1l Beamline Parameters
. Test Fagllity B T T
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> - - x Ener 50 MeV

= Fermilab FAST Injector Beamline &y

o) *

et = i Bunch Charge (Q) <3.2 nC

< —

w , Bunch Length <300 pum

Ll

Q Trans. Emittance 2.11Q06° mm-mrad

<

L Long. Emittance 30.05Q%84 mm-mrad

cl) Peak Current 3 kA
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Prior Efforts on POC Experiment (Case-1)
. Test Scheme

* Direct Energy-Shift Measurement

H ‘E 48.5
€,, (quad-scan) § = 48.0
J : Spectrometer i :;'g’ —>
[\\ Dipole (D122) £ 465] '

| ()]
/ — — a6.0 0 - 1‘0l Iz‘o 30
1 / Y, ime [ps

=~

* Beam Bunch : /y T O(E
y / ain

Qua;ds Image Screen CNT-Target
(x121) (Goniometer)

Image Screen
(x124)

Energy [MeV]

Time [ps]

Ref: Y. M. Shin, A. H. Lumpkin, and R. M. Thurman-Keup, NIMB (2015)
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Prior Efforts on POC Experiment (Case-1)
MQdeling Analysis of Energy Gain

_______
= ~o

(a) y

b) Chicane- Model with a Slit-Mask

.........

Bunch Length Monitor/Imaging Station

)\‘ D114 =
D115
X z

(2) Effective Channeling
Acceleration (VORPAL)

ey D117 Goniometer
D116
(1) Bunch Charge Distribution o T

(CST-PS/Elegant)

Spectrometer

== 900 um
40  — 600 um

- Beam Parameters

(L]
5
x
s
~
&

>

C: 5 » 50 MeV
1 3.2 nC (Max.)

° 100 - 200 pum wide

o Beemt * ~ 100 pum spacing

c¢) Gain Analysis (Effective Plasma Models with Imported Bunch Profile)
0.01-0.015 %

A. w/o a Target B. with a Target

50 MeV

e

-Witha Channcl .

Dlstance [mm]



Prior Efforts on POC Experiment (Case-1)
. Test-Setup (Incomplete)

Slit-Mask

Planned, but
not installed

AAO-CNT
b RS

wv re v, o o
ELBE Goniometer

e-bunch

® :

pbunch spacing

H ¢ ' 100 pm N

Phase-Space | ' Bunch H ' Beam-Driven
Rotation | Beam Slicing | Compression | Beam Focusing ' Self-Acceleration

ACN2020 — CNT ACCELERATOR/YOUNG-MIN SHIN
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600 800 1000 1200 140(
50 Y
Vool
40 VJ y
%

A : 2000 : : o E / \

500 1000 1500 2000 SO0 000 00 2000 ﬂ |
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Prior Efforts on POC Experiment (Case-1)
. Sample Preparation

AAO-CNT Target

Annealed Carbon Layer

= = Et

—
chibhg £

Fabricated AAO-CNT Target
o & Thickness = 100 um
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_») Diameter =13 mm
9% .'_' —+CNTs 2 ooe —e— AAO Pore Diameter = 100 nm
E‘s .'.- .-. & \o
124 'l..‘ - _.' ", ..d. X
o] Y TN f i Unfortunately, this sample never
R Pl had a chance to be installed/tested
Y¢,scan = o q
g [ k‘ since  Fermilab did not fully
g DDe-y & ® approve a beamtime and
AR A N installation resources for the
Current intensity distributions as a function of incident angle of 2MeV “He+ beam for (L) CNT and experi ment.

(R) AAO (inset: CNTs grown by CVD in AAO) (Courtesy of Zhiyuan Zhu [1])

Ref: Zhiyuan Zhu, Dezhang Zhu, Rongrong Lu, Zijian Xu, Wei Zhang, Huihao Xia, “The experimental progress in studying of channeling of charged particles along
nanostructure”, International Conference on Charged and Neutral Particles Channeling Phenomena, Proc. of SPIE Vol. 5974 (SPIE, Bellingham, WA, 2005)
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Prior Efforts on POC Experiment (Case-2)
. Test Scheme

Time-Resolved Ay Plasmon Excitation
Electron Diffraction Laser 0000 .. Oy dhsy -Ad), ra (dhg -Ad)
Conceptual drawing  of 000P-.. -

o0 O\‘__ R N // ra(di)
laser-pumped crystal on the < Y s B (dhy
diffraction imaging process 0O i kB (dw)

(Easer < Photoionization N -~ ogg_ﬁ-;;«;’/:,,ae ___________ g (du + Ad)
Threshold) TS D Pt cam i b e [
“”.“:(; ,‘;'\ ,'l
Electron Beam 0000~ \

0000 < .

0000 :

0000 7

o000 -

0000 -

o000

screen

Crystal/CNT : " Screen




Prior Efforts on POC Experiment (Case-2)
. Test Scheme

Energy-Dependent Diffraction Plots
(Analytic Solution)
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Prior Efforts on POC Experiment (Case-2)
Test Facility
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) R!"Co.mml
= Eltneson 4 — . The RF-gun was set
g \ g Camera/Monitor Up and runnlng, but
= p— the laser system was
< amber Room a
o ‘ I , - not fully installed and
d ‘ engaged in the
Q ,Q experiment. NIU
< decided to
'_ - -
= ( T = ' ‘ _ recommission the lab
; = Yy - 2 for other purposes
o ) \ UNA ) : LR — , before starting the
§ f . - — e [ experiment.
5 Tool Table, & S (PC1000)
< N \ s
‘ torage Room . # Nd:YAG Pump Laser e
Student Office 4 (ORC-1000) -
ALCOL @ NIU S
-
System Parameters Value/ Unit | System | Parameters Value/ Unit ‘5«
Ranoe Ranoe Mulnmul/'
fs-Laser Wavelength 775 (pump) Electron Energy 0.5-1 - :;t:amr ;
Beam unun
Wavelength 258 (probe) nm (Probe) Charge 0.16-1.6 pC
Energy <08 mJ Length (5)  0.16 (@ gun exit)  mm
Power (Peak) =S GW Emittance 0.07 pm




Any Better Places for POC Experiment?
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Energy [MeV] 50 -300 60 -220 3500 — 20000 3.68 0.35- 80-720
16500 1250
Bunch Charge (Q) <3.2 0.01-05 0.25 0.125 1.6 - 60fC - 0.025 -
[nC] 3.2 0.4
Bunch Length <300 100 - 1200 - 550 30-500 102 [fs] - -
[um]
Emittance [mm- 1.6-34 3-20 <1 0.37-0.45 - 0.018 14 -
mrad]
Peak Current [kA] 3 0.125 - 1-3 - - 1-25 -
1.5
(uncorr.) Energy <1% <0.2% 0.01- 0.1 - 0.066 0.04 — 0.04 -

Spread 0.06 143 0.1
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Takeaway and Outlook

1. Future Energy Frontier HEP Needs a Ground-Breaking Idea
CNT Accelerator: Stepping Stone Toward Crystal Acceleration (> TeV/m)
- Conceptually Sound and Feasible, but
- Not Experimentally Demonstrated Yet
- 15t Effort to Implement the POC-Test in Fermilab Ended Up Being Unsuccessful
- HEP Community Still Conservative, Not Ready for Paradigm Change
- OTOH, Continuously Explore Practical Ways To Overcome Technical Challenges

2. Where Do We Go from Here?
- Search for a Facility and Supports to Continuously Voyage on the POC-Test
—> Vision: Detect a Clue of Acceleration (Energy-Gain) in a Solid Target (CNT)
- Coherent, Multilateral, and Multidisciplinary Collaboration?
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Any Better Places for POC Experiment?

The Beam Line (CLEAR @ CERN)

The CLEAR facility is hosted by the CLEX o
experimental area at CERN - building 2010. The [

CLEAR Beam Line is built on the basis —
of CALIFES, previously used at CTF3 as Probe

Beam injector for testing the CLIC Two Beam ; 32§ 28! 8282 s 85 £l g 2 g g2 &}
c 38 Sé 28 gs g g 8 g 28 &° @
& 8§ & 3 & 8

$0620 BAQ/BHO

Acceleration concept.
On the spectrometer at the end of the CALIFES Beam Parameters

injeCtor iS placed the VESPER (See |tS OfﬁCiaI W_eb The beam parameters at the end of the linac are summarised in the following table:
page): a test stand for irradiation studies

: ' B ter (end of I val
The |ay0ut of the linear accelerator and VESPER

. ; Energy 60 - 220 MeV
is as follows:
Bunch charge 0.01-0.5nC

3 um for 0.05 nC per bunch

Normalized emittances §
20 um for 0.4 nC per bunch (in both planes)

Bunch length ~100 um-1.2 mm

Relative energy spread <0.2% rms (< 1 MeV FWHM)
Repetition rate 1-5Hz (25 Hz with upgrade)
Number of micro-bunches in train 1 and more than 100

Micro-bunch spacing 1.5GHz


https://maps.cern.ch/mapsearch/mapcernlite.htm?no=2010
http://accelconf.web.cern.ch/AccelConf/LINAC2014/papers/mopp030.pdf
http://clic-study.web.cern.ch/content/ctf3-0
http://clic-study.web.cern.ch/
http://vesper.web.cern.ch/

2
T "-
2 Any Better Places for POC Experiment?
z |
=
O
% Table 1: Main Parameters for the Five CLARA Operating Modes
g CLA RA @ Dares b u ry Parameter Seeding SASE Ultra-short Multibunch Industrial
g Max Energy (MeV) 250 250 250 250 100
l_
é Macropulise Rep Rate (Hz) 100 100 100 100 400
= Bunches/macropulse I 1 1 20 TBC
L
O Bunch Charge (pC) 250 250 20— 100 25 250
O
< Peak Current (4) 125 -400 400 1500 400 8C
'_
S Bunch Length (fs) 250 — 850 (flat) 250 (rms) <30 250 TBC
| Norm. Emittance (mm-mrad) <] <] <] <] <]
o
S RMS Energy Spread (keV) 25 100 150 100 BC
N
S Radiator Period (mm) 27 27 27 27 -
<
g 5 N g
§ £ - £ ~« 5 g
. 2 8 ®8~— 3 T N g @ c
'S U v @
g 2 E -S89 . S 9 o 5 &
58 S %% E $EE 5§& - oNem<sm;mon~ g3
- - [ f. - - - = =
- N T T 08228 m ¢ 08885583 558558558535 383+«
c 8 8 38 2 oY R B £65y235=s3s5s:ssz:<3
3 £ £ 38 3 23 £ £ 8833885 TTTTTTTLES
O3 53 dx @ pFg0nd JFO0vwAasS, 2dceccaeaaceaex o

70-150 MeV ~250 MeV
Pl Laser Seed Laser
Figure 1: CLARA layout overview.

Beam Dump
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Any Better Places for POC Experiment?

LCLS @ SLAC

Photon Beam Parameters Symbol | Cu-HXU | Cu-SXU Unit
X-rays X-rays
Fundamental wavelength A 05-124 2.5 -62.0 A
Photon Energy Range i 25000 — 1000 5000 = 200 eV
Final linac e- energy ymd 16.5—-3.3 10.0 - 3.5 GeV
FEL 3-D gain length L 40-1.0 25-1.0 m
Peak power P 20 — 50 40 GW
Pulse duration range (FWHM) 10 — 50 10 — 250 fs
Nominal pulse duration (FWHM) Az 30 50 fs
Pulse Energy* U 0.6-1.5 2.0 m]|
Photons per pulse® Ny 015-9 25-62 1012
Peak brightness® B case 7800 — 266 1800 — 25 10308
Average brightness (120Hz)* B) 280 - 10 110-2 102§
SASE bandwidth (FWHM) Aw/w 30-2 10-2 eV
Photon source size (rms) s 8-20 16 -46 um
Photon far field divergence (FWHM) Orwimz, > 1-12 3-25 urad
Max. Beam Rate PreL 120 120 Hz
Avg. x-ray beam power P, 0.08 —0.18 0.24 W
Linear Polarization (100%) (P) Vertical Horizontal
Electron Beam Parameters
Nominal Bunch Charge o 125 125 pC
‘Total Energy Spread sE/E 1073 103 1
Inject. bunch length (rms) 2 550 550 um
Undul. bunch length (rms) O 16-3 16-5 um
Final peak current Ie 1.0-50 1.0-30 kA
Proj. Emittance (injector) Py 0.45 0.45 um
Slice Emittance (injector) YEsy 0.37 0.37 um
Proj. Emittance (Undulator) Py 0.5-1.6 0.5-1.6 um
Max. Single Bunch Rep. Rate r 120 120 Hz
UV laser energy on cath. y; 15 15 u]
UV laser beam diam. on cath. 2R 1.2 1.2 mm
- energy stability (rms) AE/E 0.02 0.07 Yo
¢- x,v stability (rms) x/a. 15,10 2520 %
c- timing stability (rms) Ar 50-100 50-100 fs
Peak current stability (rms) Al/T 10 [§ Yo
Charge Stability (rms) AO/O 2.5 25 Yo
AN/N <10 Yo

FEL pulse energy stability

<10
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FACET @ SLAC

Parameter Uncompressed Compressed Two-bunch'
Particle Electrons Electrons Electrons
Energy 20 GeV 20 GeV 20 GeV
Charge/pulse’ 1.6 nC 1.6-3.2 nC
IP Spot Size* 30 um x 30 um 30 um x 30 pm
Bunch Length® 500 pm 30 pum
Rep. Rate 1-30 Hz 1-30 Hz 1 Hz

Plasma Wakefield

Experiment
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Kraken Chamber

Ultrafast EM Chamber

Smith-Purcell Chamber

I
THz Table IP Area Dump Line Instrumentation



Any Better Places for POC Experiment?

A STA @ S L A C TABLE L. Typical machine and beam parameters of the MeV UED system.
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Parameters Values
. diacnostic samble Repetition rate 120 Hz
fgun solenoid 297 st o B i o Gun gradient 79.5 MV/m
Launching phase 10
Solenoid strength 0.314 kG-m
UV spot size, rms 40 pgm
UV pulse duration, FWHM 60 fs
UV energy stability, rms 2.5%
Initial beam charge 75 fC
11! Intrinsic emittance 0.5 mrad
ﬁ Collimator diameter 500 pgm
= et — - e ——— = (z=55.8 cm)
At the sample (z=1.16 m)
5 . " s Beam charge 60 fC
FIG. 1. Schematic of the MeV UED beam line at SLAC’s ASTA facility. i .
Beam size (diameter) 400 pgm
Normalized emittance 18 nm-rad
Bunch length, rms 102 fs
Kinetic beam energy 3.68 MeV
Relative energy spread. rms 6.6x10~*
IR pump spot size (diameter) 1.5 mm

IR pump pulse duration, FWHM 60 fs




Any Better Places for POC Experiment?

FLASH @ DESY

Electron beam
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~ o ey uu\m '“‘G“ Fraton
v Yy o g . Energy MeV 0.35-1250 0.4- 1250
e Y o em— '“ & “~ =2 Peak current KA 1-25 1-25
L anars . ] -
SheY 1MV oMy 2w O —— e ..-"
"‘J-w..‘.)., = r — Emittance, norm. (x,y) um rad 1.4 1.4
+ 1L Espmermarey )
— Nb. of bunches per second 10 - 5000 10 - 5000
Figure 1: Schematic layout of FLASH (not bunch train duration - <08 <08
to scale). Beam direction is from left to '
Rep. rate Hz 10 10

right, the total length is 315 m.

Energy spread keV 200 500
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Any Better Places for POC Experiment?

ELI-NP @ Romania

PHOTO

INJECTOR LOW ENERGY LINAC HIGH ENERGY LINAC ,. . /HE :P

/ﬁﬂ B
] g 3 - =
I 2 - . | pr Ld N
TITTTY L T
i
3

! !
il gl B

118 :__ —:‘H'.

1 31EG | e

Figure 1. ELI-NP Gamma Beam System (GBS) layout: a SPARC-
like S-band high brightness injector [2] followed by two C-band
RF linacs (low and high energy) that trough the relative transfer
lines provide the electron beam to the Low and High Energy
Interaction Points (LE IP and HE IP) respectively [1].

Parameter Value Unit
Beam Energy 80-720 MeV
Bunch charge 25-400 pC
Bunch separation 16.1 ns
Bunches per pulse <32 units
Bunch energy spread 0.04-0.1 %
Focal spot size >10 pm
Pulse repetition rate 100 Hz



CNT-Acceleration (e.g. X-Ray Diffraction)

Crystal (Silicon) CNT
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3sp tetrahedral bond

o,wl  § T Y NY YT
0.1 1 10 100 01 1 10 100
X-Ray Energy [keV] X-Ray Energy [keV]

Max. Gradient (E,) [MeV/cm]
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Prior Efforts on POC Experiment (Case-2)
. Test Scheme

Time-Resolved Electron Diffraction

Temporal energy profile of prospective diffraction patterns of photo-excited crystal phases (t,: condensed matter, t,: hollow
atom solid, t;: warm dense matter, t,: plasma)
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