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Electron source

Requirem
ents

  N
LC

   TESLA

  23,040
   14,100

Bunches/sec

   270ns
    950ms

Pulse length

   1.4ns
    337ns

Bunch spacing

   0.75(10
10)

    2(10
10)

Electrons/bunch

   192
     2820

Bunches/pulse

   120
       5

Repitition rate [H
z]
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Electron source status

•
TTF  RF photoinjector gun
–

1.5 cell L-band
–

35M
V

/m
–

4M
eV

 electrons
–

CsTe photocathode, quantum
 efficiency ~ 1%

–
Laser - N

d:Y
LF rods lase at 1047nm

 (~270)
–

10ps pulse length
–

D
elivers to TTF charge distribution com

parable to
collider requirem

ents
–

N
o polarization
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Polarized electron source

SLC gun yielded 80%
 polarization

–
TESLA

/N
LC require 10X

 electron production of SLC

Polarization
- G

aA
s cathode (and ultra high vacuum

 <(10) -11m
bar)

- V
acuum

 requirem
ent incom

patible w
ith RF gun

- 1.8M
V

/m
 D

C instead
- M

inim
ize dark current to protect cathode (low

 fields)
- Low

 voltage lim
its current (space charge)

- Recovery tim
e for cathode 10-100ns/pulse

- Q
uantum

 efficiency for G
aA

s ~0.1%
- D

ependence of quantum
 efficiency and polarization on laser w

avelength
Spread out spot to get sufficient charge
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M
aruyam

a - LC02
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•
T. M

aruyam
a (SLA

C)
–

2.2(10) 12 electrons/pulse w
ith 14m

m
 laser spot

–
4.5(10) 12 w

ith 20m
m

 spot
N

LC needs 2.7(10) 12

Cathode can deliver charge

Train bunch structure
TESLA

 bunch spacing presents challenge for laser
Requires ~1m

s laser pulse train
2800 pulses and 5 mJ/pulse

N
o such laser is com

m
ercially available

   Ti-sapphire is usual choice for polarized source
(800nm

), but lifetim
e of upper laser level only 3.2 ms
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Electron source - flat beam
 gun

•
Proposed by Brinkm

ann, D
erbenev, and Flottm

ann
–

Solenoid field at cathode
–

Beam
 em

erges w
ith angular m

om
entum

–
Transform

 to em
ittance asym

m
etry w

ith quadrupole optics

Experim
ents w

ith A
0 photoinjector at FN

A
L

50:1 transverse em
ittance ratio of 17M

eV
 beam

 
Flat em

ittance ~1mm
 (50  tim

es too big)
N

eeds “em
ittance com

pensation”
     and polarized electrons
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W
.D

ecking LC02
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Positron sources

•
Conventional positron production lim

ited by stress in target
   A

lternative?
 Conversion of high energy undulator radiation in thin target

250G
eV

 electron beam
 through ~100m

 (.75T) undulator
   yields 28M

eV
 photons

            0.4 X
0 (1.4cm

) Ti rotating target 350m
 from

 undulator
                           (2mrad spot Æ

 0.7m
m

)
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Positron source
Polarized positrons
          Replace planar undulator w

ith helical
          Polarized photons Æ

 polarized positrons
          U

ndulator param
eters

 - 1cm
 period

             - B ~ 1.3T
            Requires sm

all electron beam
 divergence since only

                near axis photons are polarized.
   Test?
       1m

m
 period, B=0.5T, 1m

 long helical undulator
             Æ

 3(10
-3) positrons/electron  (Sheppard/Pitthan)
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Positron source

Polarized positrons

•
l = 1cm

, B=1.3T helical undulator has yet
to be dem

onstrated
       Beam

 requires 3m
m

X
10m

m
 aperture

          and necessarily sm
all divergence

        O
ff axis photons collim

ated (100kW
)?

         Effect of positron capture solenoids on polarization?

      A
nd instrum

entation to m
easure polarization?
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Linac

Em
ittance preservation

    Transverse w
ake ~ 1/a 3     (a = iris diam

eter)
      - cavity and quadrupole alignm

ent
    N

LC ( 7.8m
m

 < a < 11.2m
m

)
             300nm

 for quadrupole
             5 mm

 for RF structures
    TESLA

 (a=70m
m

)
            10 mm

 for quadrupoles
            0.5m

m
 for cavities
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Linac - Q
uad BPM

M
easure average position of bunch train and align quads

N
LC requirem

ents
–

Resolution                      300nm
 rm

s     @
10

10 single bunch
–

Position stability                1mm
               over 24 hours

–
Position accuracy             200mm

             re quad center
–

Position dynam
ic range    ±2m

m
–

Charge dynam
ic range     5x10

8 to 1.5x10
10/bunch

–
Bunch spacing 1.4ns

–
Q

uantity   3000

From
 S.Sm

ith LC02
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Linac -  BPM
Structure position m

onitor
•

M
easure am

plitude and phase of transverse     
   

m
odes in accelerating cavities

•
A

nd m
inim

ize transverse  w
akes to establish 

alignm
ent w

ith beam
      -22,000 required for N

LC
          -Resolution    5mm

M
ultibunch BPM

•
M

easure each bunch in train and correct trajectory
–

1.4ns apart
–

300nm
 resolution

S.Sm
ith LC02



A
pril 19, 2002

D
. Rubin , sources and linac

Linac - m
odeling

•
Codes have been developed for detailed m

odeling
          (LIA

R  Linear A
ccelerator Research Code)

          (M
erlin)

       Include lots of physics
        

M
agnetic guide field

       
A

ccelerating fields
        

Structure w
ake fields

       
M

agnet m
overs

                    …
         But not all
             N

o m
ultipoles

                Fixed bunch length
                Lim

ited flexibility
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Linac - m
odeling

      M
odeling codes used to:

     
-Evaluate beam

 based alignm
ent algorithm

s
          

-D
eterm

ine adequacy of BPM
, resolution, placem

ent
           

-D
evelop com

m
issioning strategy

                and anticipate instrum
entation requirem

ents
         

-D
iagnose problem

s and perform
ance during startup and

                 operation
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Linac - m
odeling

- Existing codes are pow
erful but incom

plete
- M

any issues to explore
   (Is 0.5m

m
 alignm

ent of TESLA
 cavities really good enough?)

    (D
oes beam

 based alignm
ent of quads to 300nm

 and cavities to 5mm
 in N

LC
converge?)

By excercising m
odeling codes

    -W
e train ourselves (and our students) to use and interpret them

    -So w
e w

ill be better prepared to address operational problem
s as they arise

    -A
nd to effectively exploit G

A
N

 to do m
achine developm

ent from
 afar
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Linac - banana instability

Exam
ple m

odeling and sim
ulation project

  Relatively sm
all correlated em

ittance grow
th can lead to

       instability in beam
-beam

 interaction  - w
hen disruption is high

 -O
ur understanding of  the phenom

onon is based on sim
ulation.

-It is suggested that the problem
 can be at least partially

     
com

pensated w
ith feedback

-A
nd further com

pensated w
ith tuning IR correctors

-The effect / corrective m
easures can (and should) be explored in

m
uch m

ore detail through sim
ulation

         -Significant im
plications for beam

 param
eters (bunch length)

                and perform
ance

†
 

D
y

=
s

z

fy
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Linac - param
eter space

•
Explore  possibilities
–

Is 5H
z rep rate w

ith 950ms pulse length and large dam
ping ring optim

um
–

Perhaps 10H
z X

 425ms and sm
aller dam

ping ring w
ould be advantageous

•
Im

plications of im
provem

ents in cavity perform
ance (Padam

see)
-

Increase Q
 from

 1 to 5x10
10

     Then 10H
z rep rate and 950ms pulse length

          fi
 tw

ice the lum
inosity

               w
ith 60%

 increase in w
all plug pow

er
-

Increase Q
 from

 1 to 5x10
10, and gradient from

 23 to 35M
V

/m
         fi

 20%
 reduction in capital cost and no increase in operating cost


