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Attosecond physics

Snapshots of an excited atom
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With its fast “shutter” speed STXM image
and super brightness, LCLS :
could take pictures of an
important class of proteins
that cannot be x-rayed any
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Operating with ultrafact pulcos, LCLS will take imagec of
molecules dropped into the xray beam. Sciontistc will
merge the series of diffraction patterns of the molecules
in many different positions. The resulting three-dimen
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single-pass gain
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[1] K-J. Kim, Frontiers in FEL Physics and Related Topics,
Sep. 8-14, 2007, Elba Island, Italy
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emittance growth by transverse space charge
force

e-bunch transverse self-force ;

is a function of “Z” X
/\ E,(2)
R X /' z

—>

—
bunch slice

total emittance grows, but slice emittace is preserved
emittance compensation is possible

B.E. Carlsten, NIM-A285, 313 (1989).
S. G. Anderson and J. B. Rosenzweig, PRST-AB 3, 094201 (2000)

X’ solenoid X drift X
X X :
X

emittance compensation by solenoid




“RF emittance growth” at injection SCA

Electromagnetic field data from file 3CELL.AF 1.4
Problem title line 1: 3-cell TESLA cavity 1300MHz )
3CELLO3.TBL. 5-15-21

. - 2 500keV injection
2 (,/ “\‘ VA 12 |
, ’-g? 1 bunch radius
; . - = r=3mm
T T 0.8
: £
1 £ o6
" r=2mm
’ 0 50 100 150 200 250 300 350 400 450 500 550 600 C&%: O .4
0 <
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/ \ / \
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4 6 8 10 12 14 16 18 20
c, (ps)

no space charge assumed = only RF emittance growth

injection phase is chosen for maximum energy gain, 1MeV

— scaling: Agg oc afaz (depending on the fringe field profile)



How solenoids work in an ERL injector

recirculating beam to main acc.

L

DC-gun buncher - —

—

\ / merger

/ injection SCA Q-mag.

solenoid

solenoids are necessary for
1. minimizing e5; and ege by emittance compensation technique

2. minimizing ege by controlling radial size at the buncher
and the entrance of injection SCA.

1 and 2 are generally incompatible,
but there may be a solution to minimize ggc+ege.

See “correlation of ¢, and gg” discussed in [1].
[1] K-J. Kim, NIMA-275, 201 (1989)



Solenoid field vs ¢ after the injection SCA

minimum emittance
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e, is @ smooth function of solenoid field,
and there is a set of solenoid field to minimize the emittance.

Here, we fix the position of solenoids.
See Bazarov’s simulation, which changes the position and field of solenoids.
PRST-AB 8, 034202 (2005)



In the emittance compensation scheme,
it is essential to keep the order of bunch slices.

In the injection SCA, emittance com

emittance compensation and bunch

compression
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during bunch compression.

bad

good

Over compression destroys the emittance compensation.

we must avoid longitudinal mixing of bunch slices




Solenoid and Quad optimization

9-cell x5 72MeV

(v T

N\ Qx5 minimize &t &
SOL1 SOL2

down-hill simplex with 7 parameters (2 Sol. + 5 Quad.)

starting from the initial values obtained by envelope matching.
|

5 runs with different random|seed

:.g A (3.5 hrs. by ThinkPad [X31)
c 15| ]
= L\
i i
= TN, V& %ﬁ%
ki .| =011
R. Hajima. R. Nagai, °6 1 2 30 40 50 8 70 80 90 8y20_095

NIM-AS557, 103-105 (2006) runs
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LC-SLM

Pulse Stretcher Ti:sapphire
_A_ Femtosecond Laser

F 3

-

Amplifier Pulse Shaper
119MHz RF

g

Compressor

THG
Il

2850MHz RF

Synchronization

- CCD
RI* Power Camera
Photocathode
RF Gun 'l_L Electron
Bunch
Screen
Solenoid Magnet Linac Q Magnet

J. Yang et al.,J. Appl. Phys. 92, 1608-1612 (2002).
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2R, BEREFHHIESR 2007.
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Shian Zhou et al., Applied Optics, 46, pp. 8488-8492 (2007)
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W.E. Spicer, SLAC-PUB-6306 (1993
Yield (electrons/photon) Spic (1993)
Dominating mode Equation Estimate range Typical yield
Material £ scatberd " £z (se0) (el/photon)
of scatiering orT or T (see 1 eV above threshold
ﬁE ‘j: %%_%%ﬁ&ﬁ, Metals Electron-electron T~ -;If— 9 1071 to 1071 8x107 to 4x107*
Semiconductors and E, _IP_
s osEy = = A o insulators Electron-lattice T (18] 10713 010712 0.05 to 0.25
:I:%:1$ [j: EE'% *%% ﬁ& 'Pl(l‘:sg,Sb or multialkali) AEP va
Electron-lattice 2
" Negative affinity (thermal diffusion of f-—i%- (14)] 2x1071% to 7x10~° 0.1 to 06
electrons in CBM) ukT/q
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|.V. Bazarov, PRST-AB 11 (2008) 040702
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