ible Test in the

FFTB of Undulator Based
Positron Sources

Friday May 10, 2002

R. Pitthan and J. Sheppard

Sheppard/Pitthan May 3, 2002



NLC - The Next Linear Collider Project
\ Contacts
-

Roger Carr, SSRL

Max Cornacchia, SSRL

Ralph Nelson, SLAC RP

Roman Tatchyn, SSRL
Helmut Wiedemann, SSRL

Klaus Flottmann, DESY

Alexander Mikhailichenko, Cornell
Yuri Batygin, SLAC NLC
Vinod Bharadwaj, SLAC LCLS/NLC
Artem Kulikov, SLAC PEPII
David Schultz, SLAC NLC
Maria Caturla, LLNL

rd/Pittha

Werner Stein. LLNL
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S NLC - The Next Linear Collider Project

Positron Sources for Linear Colliders

System Flux Target | Target | Peak Energy Average Normalized

Material | Length | Deposition Power Acceptance

Absorption
e'/s (r.L) (J/'g) (kW) (m-rad)

SLC 4.8%1012 Wj-‘gREgg O 30 % 0.01
NLC 1.8x101 | WoRe;s 4 40%* 16%* 0.045
TESLA |2.8x10%| Ti-alloy 0.4 222 5 0.048
JLC 2x101* | W-Re 6 140 49 0.027
CLIC 110 | WiRess 4.5 63 22 0.027
JLC, pol | 1x10% W 0.5 13 0.5 0.06

*Energy deposition and absorbed power in each of 3 targets

May 3, 2002

Sheppard/Pitthan




NLC - The Next Linear Collider Project

NLC Positron Production

e targets
RF Separater RF Separater
e 6.2 GeV e 250 MeV e+
e~ SCRS
15-2001
8602A34 3 out of 4 target system scheme
Drive Linac
i et Targets
Long e* Booster
"Transport Line |
; +
| ~12-134km ‘85 & PDR
’ /ot e~ Pre-Linac et BC1 ~/ '
LR 503 |

2620%%3 Dimensions in Meters et MDR

May 3, 2002 Sheppard/Pitthan



. NLC - The Next Linear Collider Project
;\ NLC Positron Source

N, = 1.8x10% e+/s
6.2 GeV e- drive beam
4.5 R.L. WRe targets
Needs 3 separate targets to handle peak stress

Acceptance = 0.03 m-rad (0.045 m-rad preDR)
Yield =1

Cumbersome at best;
Problematic wrt Train Uniformity

“Detailed” engineering required for train assembly
scheme

May 3, 2002 Sheppard/Pitthan



NLC - The Next Linear Collider Project

Tesla, Unpolarized
(K. Fléttmann)

to the
P
e solenoids
/L [ M B B |
- e—i— ——
—b
i s s s e s s e e e Bl = 0
’ oot Damping
Adiabatic E=E=E=EIE=EE=EEEEE] ]
target  Matching accelerating Ring
Planar wiggler ~100 m 04X, Device structure

Ti-alloy

Figure 4.3.1: Sketch of the positron source layout.
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. NLC - The Next Linear Collider Project
;\ Tesla Positron Source

N, =2.8x10% e+/s
1.34 cm period planar undulator
K=1
L=100 m
160 GeV <E_<250 GeV
0.4 R.L Ti-alloy target
Acceptance = 0.048 m-rad
Yield =1

Question operability at lower end of electron energy
range

Not Polarized in the Tesla Baseline
(Polarization as a possible upgrade path)

May 3, 2002 Sheppard/Pitthan



NLC - The Next Linear Collider Project
;\ Direction of Present NLC Positron Effort

May 3, 2002

Decision to put development of NLC
conventional e+ source on hold so as to
investigate the feasibility of a
polarized positron source for the NLC

Looking into the use of a K=1 helical
undulator and 150 GeV NLC primary
electron beam; keeping options open

Sheppard/Pitthan
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Polarized Positron Production

' ' Diagnostics
Photon Production Pair ’C/rea’uon

f Collection and Acceleration
Collimation

10
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NLC - The Next Linear Collider Project
;\ Production Issues

Photon Production:
flux, w, polarization, field, gap, and length
Electron beam dilutions: Ag, AE, A,

depolarization

(x, =4.3 nm; 6, =2 prad)

(0, =20 um; 0,. = 0.2 prad)

(AE=3 GeV (1.2%), 6.=0.15% w (0.05%w/0)
Aele = 3x107° w/o errors; = 2/1x10-3 x/y w/ errors

Collimation: not so important for unpolarized positron
production

Target: Yield, emittance
Material Choice and thickness
Power handling: peak and average
Incident photon beam size

May 3, 2002 Sheppard/Pitthan

11



‘%‘ NLC - The Next Linear Collider Project
\ Production Issues
s

Collection:

Adiabatic Matching Device; different.
optimization from €lectron based production due
to broader positron spectrum

Concerned about beam loading 1n the njtial
capture region _prior to e+/e- s€paration because of
large particle flux, including the ]toresence of
electrons (thys 1s also an 1sstie in the

conventional design)

Diagnostics:

Not mych to say; this is more interesting in the
case of. polarized positron production; bad energy
range for polarimetry; very difficuly fo test

Overall Proof of Principle:
Every reason to expect the basic e to yto e”
conversion to work as imagined; polarized e*
way 3, 200production will bengfit-fom a demonstration 12



NLC - The Next Linear Collider Project

—

NLC Polarized Positron System and e Main Linac Layout

50 GeV Electron Bypass Line

To IP

» To et PDR
Double rate for kit

15t 50 GeV of e- b
linac (double number
of power sources)

May 3, 2002 Sheppard/Pitthan
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NLC - The Next Linear Collider Project

NLC Polarized Positron System Layout

Flectron Main Linae Flectron Main Linac

Undulator Bypass Line
[—

1.8 GeV L-Band Linae

Heleal Undulator

Photon Druft

Redundant Targets and
Polarized Flectron Gun

To Posttron Pre Damiping Ring

May 3, 2002 Sheppard/Pitthan 74



NLC - The Next Linear Collider Project

NLC Polarized Positron Source Systems Layout

Electron Main Linac

Undulator Bypass Line

1.8 GeV L-Band Linac

—EF A S
150 GeV e- Helical Undulator

Photon Drift

Redundant Targets and
Polarized Electron Gun

To Positron Pre Damping Ring

May 3, 2002 Sheppard/Pitthan 75



NLC - The Next Linear Collider Project

NLC Polarized Positron Target Station Layout

T Dump

Target Station 1 Target Station 2

Pol. etore-

y o
200-250 MeV

Removable
1n case of failure

Polarized Electron Source

May 3, 2002 Sheppard/Pitthan 16
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NLC - The Next Linear Collider Project

N What's Going On? What's the Status?

Codes: MatLab files, EGS4-Pol, BeamPath
Undulator: K=1, ® ,=1.4-0.7 cm, helical

Search for an Optimization: E,, ® , K, target
material and thickness, collection scheme

Photon Beam Specification

Target Studies: Ti-alloy: hydro and radiation
damage launched at LLNL

Effect on primary electron beam studies,
begun; thinking about commissioning and
operating scenarios

Open also to compton based photon sources

May 3, Z&LGS e r.S a n d F E LS )heppard/Pitthan 7



NLC - The Next Linear Collider Project

NLC Polarized Positron Photon

Beam Specification

Parameter Name Symbol | Value Units
Undulator Type Helical
Undulator Parameter K 1 #
First Harmonic Cutoff Energy E., 28 MeV
Average Y Energy <E y> 22.1 MeV
Bunch Energy Uy 3.8 J
Average Number of Y per Bunch ny, 1.1x10" #
Number of Bunches per Pulse Ny 190 #
Repetition Rate f 120 Hz
Incident Y-beam size (rms) g.=0, 0.75 mm
Target Material Ti-alloy
Target Thickness Ly 0.40 Rad. Length

The Y-beam is incident upon a rotating target wheel whose thickness is 0.4 radiation
lengths of high strength Ti alloy (1 r.l. = 3.563 cm.). Based on a previous study (Stein
and Sheppard: Structural Modeling of Tesla Positron Target and LCC-0079), the
peak energy deposition in the Ti target is expected to be about 113 J/g per pulse.

18
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NLC - The Next Linear Collider Project

f a Microundulator to Study Positron Production

We had a discussion at LCO2 to explore the possibilities of using a
microundulator and the damped, 50 GeV SLAC beam in the FFTB to
study positron production. Expectedly warm response from all e+ folks

R\ : S (l
)

May 3, 2002 Sheppard/Pitthan 9



NLC - The Next Linear Collider Project

—

An Immodest Proposal

Use the SLAC 50 GeV, low emittance beam in conjunction
with a = 1-2 mm period helical undulator to demonstrate
undulator based production of polarized positrons for
linear colliders

Measure the yield, spectrum, and polarization of both the
photons and positrons

v Energy as a Function of Undulator Period
B0 T T T

Do this in the next 22-42(?)
months in the FFTB enclosure:

‘Proof of Principle Demonstration
*Validate Codes

Develop y Spin Diagnostics
Develop e+ Spin Diagnostics

Incident Energy 52 GeV /’/

BD =0.5 Tesla //

Maximum Energy of the Fundamental [MeV]
(=]
=]

05

P [

104

1035

I
=
t

=
1%
5]

=
ha

=
o

!
o

10.05

‘Maybe Get a Surprise (better not) R N R B S

Undulator Period [mm]

May 3, 2002 Sheppard/Pitthan
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;\ What's the Big Idea?

Goals:
» demonstrate the viability of undulator based positron
production, both polarized and unpolarized

measure the yield, spectrum, and polarization gammas
and positrons.

design (steal, borrow) conversion, collection, and
detection systems

validate the microundulator-photon production codes

Many opportunities for collaboration amongst collider
laboratories, and including experimenters from both
the colliding physics and the fixed target physics
communities who are experts in polarimetry. The
discussion should include plans for the development of
such a collaboration.

May 3, 2002 Sheppard/Pitthan 21



;\ What are the Possibilities (1)?

SLAC single bunch electron beam: N, = 1x10'° e/bunch,
E,=50GeV, and yg=yg=1.5x10"m-rad

For a helical undulator with A, =0.001 m and B, =0.5T,
K, =0.0467
AE(eV)=0.768 MeV /m/e

E. = 23.7 MeV

E = 051E,,=12.0 MeV / photon

hu "~ avg

May 3, 2002 Sheppard/Pitthan
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\ What Are the Possibilities (2)?
-

_0.768 MeV Im/e
Y120 MeV | photon

=0.064 photons/m/e

In this energy region, , gY, the yield of positrons from y’s
incident on 0.4 r.1. of T1, is about 0.025 e+/photon.

For N_= 1x10!% ¢ per bunch, the expected yield of ¢" is then

N, =N_xN,, %Y =1.5x10" e"/m/bunch

May 3, 2002 Sheppard/Pitthan 23



NLC - The Next Linear Collider Project

sitron Polarization as a function of Positron Energy

Positron Polarization: K=0.05, Ec10=23.8 MeV yo=none

0.8

e
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E o | | |
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NLC - The Next Linear Collider Project

"

Positron Spectra for Different Ti Target Lengths

Ec10=23.7 MeV, K=0.05, Y8, ,=none

200 200
01rTi 0251 Ti
150 ¢ = 1 150+ =
N+lot =1506 Nthot =2461
I_‘I'; Nyin = 100,000 ':'..; NYin =100,000
=100 =100
= =
< <
50
L O L
0 10 20 30 40 0 10 20 30 40
Positron Energy (MeV) Positron Energy (MeV)
200 200
05T 1.0rTi
150 ¢ = 1 150 ¢ _
N+lot =2619 Nthot =2154
';"; Nvin = 100,000 o NVin =100,000
<,100 <100
= =
< <]
50+ 50
0 : 0 '
0 10 20 30 40 0 10 20 30 40
Positron Energy (MeV) Positron Energy (MeV)
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Positron Polarization for Different Ti Lengths

0.8

= = =
(N} = o)}

(e

Longitudinal Pola\riza\tion,&,3

May 3, 2002

Ec10=23.? MeV, K=0.05, Y0, =none

Aqua:1rlTi
Red: 0.5 Ti
Green: 0.25r Ti
Blue: 0.1l Ti

|
5 10 15 20
Positron Energy (MeV)

Sheppard/Pitthan
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NLC - The Next Linear Collider Project

Positron Polarization for Different Ti Lengths

Ec10=23.7 MeV, K=0.05, yo, ,=1.414

1 fe =0
08 -
Agua: 11l Ti
=06 Red: 0.5 Ti |
‘;‘:’3 : Green: 0.25r1 Ti
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NLC - The Next Linear Collider Project

What Does the Hardware Look Like?

iy, By
Undulator
- NN BN E°H EHOR
e || L
> I
- - Diag.
[ HCH IR NN N
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NLC - The Next Linear Collider Project

FFTB Beams

Parameter | Units | TESLA | NLC FFTB
E, GeV | 150-250 | 150 50
o 10 9 10
Size <HB0 Lm to thread N./bunch - 3x10 8x10° | 1x10
Npunch/pulse - 2820 190 1
through a narrow sub- Pulses's | Hz | 5 120 | 30
K, - 1 0.9 0.05
mm-gap undulator A cm 1.2 1.0 | 0.2-0.1
. Ec1o MeV | 9-25 12-24
° D,ver-gence <1 /V Ny N/m/e” | 0.72-2 0.06
Y, % 1-5 2-5
L, m 150 1
N./pulse - | 8.5x10 | 1.5x10* | 1-3x10’
N./bunch - 3x10" 1-3x10’
Polarization % 40-70 40-70 40-70
2 %
L 62. 1
E, Nb Y&=Y& | BuBy | OwOy | Ox,0p | D D’ ’ ;
GeV e m-rad m pm prad | m prad urad
50 | 1x10" | 1.5x10° | 10,10 | 39 39 |20 4.4 10
Critical parameters in red
Sheppard/Pitthan 29
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: NLC - The Next Linear Collider Project
;\ What is Required

¥ A fully modeled experiment which simulates
results and 1dentifies hardware requirements

B Beam line design to determine accelerator
hardware specifications

B Cost and schedule development
B Acceptance of proposal and release of funds

B Construction, Installation, Checkout, and
Commissioning

F Do experiment and compare with simulations

May 3, 2002 Sheppard/Pitthan
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NLC - The Next Linear Collider Project
;\ Collaboration Building

- Determine Institutional Interest
- Discuss Who Contributes What

* What is required to get
commitments

- When can commitments be made

* When and where do we meet again
and for what purpose?

May 3, 2002 Sheppard/Pitthan 31



NLC - The Next Linear Collider Project
i\ Summary

- No Summary, Just Discussion.

May 3, 2002 Sheppard/Pitthan
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