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... -_| * Chicane for bunch compression
o  Final Focus for small spots at the IP
e Experimental Area (25m)

CD-0 February 2008

CD-2/3 June 2010 o TRy O Al e i NN

- N Sector 20

4" SEX erumentaIArea "

—— .

Sor L, \ 2mm
F * I B : s, € spatial N
e distribution
B E optical transition
radiation (OTR)

X-ray based spectrometer
spectrometer magnet

A:Unique Facility P e ;onsgm—"mw«*-mcm u;

linear accelerator

" for Accelerator Smence ot 5

e~ bunch Ienglh e~ spectrum

Cerenkov light | 80
in air gap

autocorrelation of ; °*
coherent transition & '4
radiation (CTR) 3 '+

M.J. Hogan, CLS Workshop May 11-12, 2010 Page



Si.~ FACET Beamline Looking Upbeam FACET

User aSS|sted commissioning this s ﬁmer (2011) £

< Goal to get beam needed for science and commission accelerator
conflgurat|ons and experlmen¥| hardware >

FACET PI'OjeCt CD-4 early 2012’ |
First user runs in 2012: Four r.no)Th

B
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1 A~ ASelf-consistent Design of a 1 TeV ee*
Linear Collider Based on PWFA

e T A\

NATIONAL ACCELERATOR LABORATORY

FACET

1 TeV collider design has multiple acceleration stages, each
adding ~25 GeV/stage

 FACET PWFA program aims to demonstrate a single stage with
needed Q, AE/E, efficiency, emittance preservation

 Results will inform designs for future applications (HEP, Photon

Science)

* TeV CM Energy

* 10's MW Beam Power for Luminosity

* Positron Acceleration

* Conventional technology for particle
generation & focusing

RF gun

bunch compressor

Drive beam accelerator

T

main beam
e- injector

see A. Seryi et

main beam
et injector

Ecm=1TeV,L=10%

cm?3s-!

'r mini-train 1 2.9E10 e-/bunch mini-train 20

Luminosity

3.5%x10% cm2s!

Luminosity in 1% of energy

1.3x10% cm-2s-!

Main beam: bunch population, bunches per train, rate

1x10'0, 125, 100 Hz

Total power of two main beams

20 MW

Main beam emittances, Ye,, Y€,

Main beam sizes at Interaction Point, X, y, z

140 nm, 3.2 nm, 10 um

Plasma accelerating gradient, plasma cell length, and density

25GV/m, 1 m, 1x10"7cm

Power transfer efficiency drive beam=>plasma =>main beam

35%

Drive beam: energy, peak current and active pulse length

25GeV,23 A, 10 us

Average power of the drive beam

58 MW

Efficiency: Wall plug=>RF=>drive beam

50% x 90% = 45%

Overall efficiency and wall plug power for acceleration

15.7%, 127 MW

Site power estimate (with 40MW for other subsystems)

170 MW

al., PACO9 Proceedings '
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1l AR E-167: Energy Doubling with a
=Y blasma Wakefield Accelerator in the FFTB FAGET

] ] Dispersion [mm)] Charge
JAcceleration Gradients Of i o
a nergy Gain —e/um
~50GeV/m (3,000 x SLAC) * [R— 240
" Doubled energy of 45 GeV ~ _ ZA ik et 180H
electrons in 1 meter plasma £ v s
S \M\ 120
J Single Bunch : AU
g O w} .
e —— E
b) xperimen
T ’ gin‘:ulationt
£ /
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§’ -3-10° e/GeV
S "
| Nature 445 741 15-Feb-2007 '
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Electron Energy [GeV]

Next Step: Particle acceleration to
beam acceleration @ FACET
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el A Large Energy Gain Requires Meter Long

—— —{ ) ’

e At Uniform, High-density Plasma FAGET
J Plasma source starts with metal vapor in a heat-pipe oven
 Scalable, no = 10"4-101" e-/cm3, L = 20-200 cm

Optical Optical

Window Hee|1ter Window lzoundary Layers

f

Ih_%_ f

| —— ik

. | .
He Cooling Insulation Cooling
Jacket

0 z
Jacket Pump ‘.7 [ ——~
Peak Field For A Gaussian Bunch:

lonization Rate for Li:
E=6GV im—Y__ 201 100u

3.60x107 —85.5.
I'V‘,,.[S_l]z 2 X p _ 85.5 -
2x10"° o, o ' E\GV /m]
See D. Bruhwiler et al, Physics of Plasmas 2003
Space charge fields are high enough to field (tunnel) ionize - no laser!

EZ‘IS[G V /m] -

- No timing or alignment issues

- However, can't just turn it off!
- Plasma recombination not an issue - Head erosion
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3! A7y Single Stage Energy Gain Limited F‘\\BET

NATIONAL ACCELERATOR LABORATORY by H ead E ro Slon
e e First experiments will parameterize head erosion
1001 s=123cm | vS. beam emittance, ionization potential
o Plasma electrons _ 100 r | : ] : 8 x 107
] : | M Experiment i
0- —" i L ® Simulation ‘%. _ _
i i 7
3 1 - 80 ® 16x107 E
5,— -507 lonization | E‘ i ° | L
g . Pulse  front = | ° ‘s Ty
E -1001 lons ¥ % h . I E
o ||| E 'ED" ® ___4:’{-10? 1.5
& 100 s=819cemp E ' -
g | Peak accelerating field £ >
] —
i< = 40! ' {2x107 £
L1 ' ] -
- -Il ‘
] Lo
L L]
[ ] L]
N : '1‘
20 ' : : : 0
! Pulse . i 0 40 80 120
-1001 scalloping - Distance into Li vapour (cm)
0 50 100 150

Distance along pulse (um)

See 1. Blumenfeld Stanford PhD Thesis 2009 . 104y 1.73 EN [mm . mRad] 1
and M. Zhou UCLA PhD Thesis 2008 ¥ #m/m] = (36617 107)e; (V] . [32[kA]
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\TIONAL ACCE

Single Bunch Experiments Cs Plasma FANOCET

] Parameterize head erosion for lower ionization potential (Cs vs. Li)

J Study onset of self-trapping (dark current) see K. Marsh TUOBN1
. QuIckPIC Self-ionized Plasma in
i fracno?u?lr:;a:ﬁ:("r:?:dl:tl)wmn ikt .UIC _ Li or Cs at s=4.5 cm
1 (At=60, /c=2"10"s) Simulations Time = 6000.00[1/w, ]
'] 'I‘""! ) | A 8_[] T I T g1 | I‘l T I T l‘l | | UL I T T l_
S 5 3 :
T @ S O i Trailing
L. L E y 4 . = 4 ‘ —
S o < c + S ‘ Beam ]
s 05 1 = O Q IGEJ o | | | i
© | o - N 2 F \ ) .
'S N £ QO g usu - Drive ]
S Cs x O oL -
a B S Y i i eam i
Se I ]
U _ 2F , E=25GeV/m = -
0.0 : o ] 6 -4 -2 0 2 4 6
1 10 100 1000 Xle/e;]
E (GeV/m) E ake > Ebeam FACET (two Bunch)

Plasma Density : 5 x10'®* cm3Beam : 0,, = 6,,= 10 um, 0,; = 18 pm, 0,, = 25
N, =6.7x10°,N,=2.3x10°, g,= £,=100 mm-mad
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ol AS>
O AN

NATIONAL ACCELERATOR LABORATORY

Plasma Dark Current in E-167:

Large Fields (Beam or Wake) lonize He Buffer

FACET

Electrons are trapped
at He boundaries and
accelerated out of the
plasma

30 mTorr He Mask

AN

plasma

27X 10'° Extra Charge Above Cutoff Momentum
O

L
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4 g * >4 times more charge |=
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1 A 7~ Will Use Two Bunches to Study Beam Loading in
il the Non-linear Regime for the First Time FACET

Add the notch collimator upstream...
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Nominal FACET B.unch at the IP ...over-compress to get two bunches at the IP
(S20 Chicane R56 = 4mm) (S20 Chicane R56 = 10mm)

;1‘\_ l(ﬁ/lm

e B

rn

=]
moor oo
0 ':‘J O S <‘.l -.’D ot

N

— 9] LY ] o o

= B

=20um

| jf(f_— w—l/un x / L

.20 -0ax -0ap -0 OO G 0A DA 0O G110 =005 Q00 C'Df? |-'1|:' C'." P

(mm) see M. Litos MOP242 z (mm)

—_

tn




el A

o e M\

NATIONAL ACCELERATOR LABORATORY

Two-bunches in Field-lonized Cs Plasma FA\CET

 After 88.5 cm of 3.7 x 1076 plasma
= Energy Gain 5 GeV

* Energy Spread

~ 3%

see W. An MOPO0O16

» Variable with plasma density, beam emittance, ionization potential

7 10°
610°
4

510

410°

)/
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210°

110°

Drive Beam : o = 10 ym , o = 34.1 uym , N1 =9.57 x 10°, £ = 100 mm-mrad

Phase Space of Two Beams
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1.5%10°
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5.0%10°

Energy Spectrum of Two Beams

IIIIlIlII|IIIIIIIII|IIIIIIIIIIII

Drive Beam
....... wlk

Trailing Beam

N

o

10 20 30
Energy (GeV)

exlmm -mRad] 1 '
~

I3/2[kA]

Trailing Beam: o = 10 um , o = 19.3 um, N2 =4.33 x 10%, £ = 100 mm-mrad
Distance between two beams : 130 ym Plasma Density : 3.7 x 10" cm-3
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1 A

O/ Two-bunches in Pre-formed Cs Plasma FANOCET

ERATOR LABORATORY

J After 143 cm of plasma
= Energy Gain 30 GeV see W. An MOP016
= Energy Spread ~ 5%
» Energy Loss 17 GeV, Beam loading efficiency 64%

Phase Space of Two Beams
Time = 60000.00 [1/w, ]

Energy Spectrum of Two Beams

e o S e e B L AL LR LR L LR EARLRRRY RLRRARRIRY LA
i510° 2 | | 1 | T] 0000 : 1
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1.010" - ' 4 — :_ _:
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Drive Beam - B Drive Beam -
T+ § 4000 — —]
417 2000 — -
0 —1 L1 1 l [ | l-lol L1 11 l [ I | l [ | l _ O L IJIllIllllIlllllllln.‘“l"“..1 IlllllIlllllll\llllllllllllll—[
0 50 100 150 200 250 10 20 30 40 50 60 70
£ (Grid)
Energy (GeV)

Drive Beam: o, = 10 um o,= 34.1 um , N1 =9.57 x 10°, £ = 100 mm-mrad
Trailing Beam: o =10 ym, 0,=19.3 ym, N, =4.33 x 10°, € = 100 mm-mrad

Distance between two beams : 130 um Plasma Density : 5.0 x 10" cm
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1 A Use High Transformer Ratio to
= —
skl X2 Maximize Efficiency and Energy Gain per Stage FAGET
cﬁ/-Eﬁ=1,2,71% -Eﬂ=22.999GeV,]Vg=2.165><10w 6C:=0v104r'm'n,fit=0058 FACET 820 Chicane See J. England MOPO88
sl |E, 3 Q N
| N oy ; N\ N\ * FACET IP

=]
[S]

ni0?

02 0 02 04

z /mm

cﬁj- £n=0.604% cz=44.165 nm, fit=37.219
&

g1 = K is
=} = [
&1 % & a1
<05 -~ <05

O ,,,,,,,,,,,,,,,,,,,,,, ﬁ—_ 0

0 0.5 0 0.1

n0° z fmm z fmm

Due to upstream compression, need R56 = T566 = 0 in dogleg
Collimators (part of existing design) can remove low-E tail.

Ramped bunch has L =200 ym ; Ipeak =4 kA ; n/ny =7
Transformer Ratio = 10 for plasma n, = 3x10"” cm-3

see W. Lu MOP103

-25 -20 -15  -10 -5 0 5
z cop/c

Beamline & collimator optimization ongoing '

Vanation of R56, TS566

R56 =0.003

7000
30 o] ’
L 6000 f
2 *
43 b s 5000 t
20 s g ]
~ 2 . : : 4000 |
S " : : S (/N
5 : o 3000
10 |, : : i | 2000 |
: : ' !
TPy =
-3 -2 -1 0 1 2 3

R56 (mm)

R56 = 3mm, T566 =0.3 m

R~30 :
but peak current is reduced by 2 |

-1 =075 -05 -025 O
t(ps)

1 Open questions: pre-ionized plasma, witness bunch, hosing...
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SLAL Investigating the Hosing Instability at FACET FA\NGCET

NATIONAL ACCELERATOR LABORATORY

6000 — :
Using dispersion knobs to induce z-x correlation. T o FACET experiment, & = o
2 i |
0.2 _ Sa 2000 |
FACET : new parameter regime. (A~ _
T 0.15 x2 higher than E167). Potential large £ 0 ‘l
HE and observable amplification of § .2000 |
2 transverse tilt : =
. 0.1 g -4000 |
£ -6000 : : . .
s [m]
O i i i
-10 -5 0 5 10 D=5 mm, corr = 0.79
DXipput [mm] Xpo ~ 50 um
1
see Y. Nosochkov MOPQ090
_ 05
=
8§ 0
c D=0 mm, corr =-0.14
8 05 | Xpo ~ 0 um
-1 i \\
-10 -5 0 10
Dy [mm]
Optics functions and z-x correlation as function D=-5 rgm, corr =-0.84
of induced dispersion. Xpo ~ =50 pum
E. Adli Z-x plots (Gaussian input beam)
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1 A~ FACET Will Alow PWFA with Compressed
N Positron Bunches for the First Time

FACET

QuickPIC simulation, 0,=15um, N=2x10"%", 5,=10um, n,=2x10""cm-3, E,=28GeV

70,000 LI I I I ! nez1014 Cm-3
- Jr31e
£5.7GeVin 39cm | i 3 - N () °
60,000 N e S N 4
C r-ﬂ -, - = ° e )
'6' E _ \ -_T:’?- F o E H 8 . e
.g. o il d 3F4102 > o ®
~ 50,000 —f 1 g °
o E E )
2 F4104 ,%J..
: ] : <4 <
40,000 , - ™ o }
s ? 314108 oo .
o ' 3 o + et .
C i ] ﬁ )
301000 oo b v by v by v v by oy L 10»8 ° : ° ’
0 50 100 150 200 250 )
z [grid]

Phys. Rev. Lett. 101, 055001 (2008)
J Accelerating gradient ~ 15GeV/m

d Large energy spread

J Emittance growth (transverse, longitudinal field variations)

J Opportunity for new ideas, original solutions...
J Acceleration of e+ on e- driven wake?
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1 A 7> FACET Design is Forward Looking and Flexible, e.g.
[ J
e Sailboat Chicane Upgrade FI\\BET

e Extract e- & e+ from damping rings on same linac pulse
* Accelerate bunches to sector 20 while 5.25 cm apart
» Use ‘Sailboat Chicane’ to put them within 100um at entrance to plasma

e- 2.0 —— T e
<> 15 _ et am Focal Point: 3

RF

Opens up many new avenues of research:

» Positron acceleration on electron driven wakes
 Platform for evaluating proton driven PWFA concept
see S. Pinkerton MOP106
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A S
o iy S Summary FACET

J FACET will provide high energy density electron and positron
beams unique in the world (23GeV, 3nC, >20kA, <10um)
primarily to study plasma wakefield acceleration

J Beam parameters are well suited for next generation PWFA
experiments:

= Beam loading in non-linear regime

= High transformer ratio with shaped bunches

= Positron acceleration (w/ electron or positron drivers)
 User assisted commissioning this summer (2011)
J CD-4 end of 2011 with first official user run early 2012
J FACET expected to operate 4 months/year for 5 years

J FACET PWFA program will demonstrate key components of
single plasma cells for PWFA driven X-FELs and linear
colliders

J Questions? Drop by the FACET Satellite Meeting T 6-8PM
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