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Mo . 10n A Goals

e The Higgs mechanism implies that elementary particles

have important interactions with strong background fields.

e Only with electromagnetism can intense, controllable,

macroscopic fields be created in the laboratory.

o Explore the validity of QED for electromagnetic field
strengths in excess of the ‘critical field strength’

m2c3 ek = 1.6 X 10% V/cm.

e Explore QED in the realm where muitiphoton

interactions dominate, i.e., when eE/mwc > 1.
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the Q 5D Critical Field Strength

e O. Klein (Z. Phys. 53, 157 (1929)) noted that the

reflection coefficient is infinite when Dirac electrons hit a

steep barrier (Klein's paradox).

e F. Sauter (Z. Phys. 69, 742 (1931)) deduced that the

paradox arises only in electric fields exceeding the critical

strength:

m2c

Eoit = — 1.32 x 10% Volts/cm.

e At the critical field, the voltage drop across a Compton

wavelength is the electron rest energy:

h 2
el - —— = mc”,
mc

e At the critical field the vacuum ‘sparks’ into e

(Heisenberg and Euler, Z. Phys. 98, 718 (1936)).

e~ pairs



e The magnetic field at the surface of a neutron star

approaches the critical field By = 4.4 X 101 Gauss.

e During heavy-ion collisions where Ziotal = 2Z > 1/a,
the critical field can be exceeded and e*e™ production is

expected.

The line spectrum observed in positron production in

heavy-ion collisions (Darmstadt) is not understood.

e Pomeranchuk (1939): The earth’s magnetic field appears
to be critical strength as seen by a cosmic-ray electron

with 101 eV.

e The electric field of a bunch at a future linear collider
approaches the critical field in the frame of the oncoming

bunch.



Crltlcal Fleldan aser Gollisions

e The electric field due to a laser as seen in the rest frame

of a high-energy electron is
E* = 7(1 + ﬁ)Elab ~ 27 Elap

e The critical field is achieved with a laser beam of intensity
J = El?éb _ E(%rit
377TQ 42377
Thus for 46-GeV electrons (y = 9 x 10%) we can achieve

B with a focused laser intensity of 1.4 X 109 Watts/cm2

(= Elb=T7X 1019 Volts/cm).

e Such intensities are now attainable in table-top teraWatt

T3) lasers in which a Joule of energy is compressed into
P

one picosecond and focused into a few square microns.

e At these intensities the photon density is ~ 1047/ cm?,
and the radiation length of this ‘photon solid’ is
'~ M\ a 100 pm.



o E_144 P hysms P rogram S

1. Compton Polarimetry

e Both the E-144 laser and electron beams are polarized.
e Compton polarimetry provides a basic check of the
E-144 apparatus, as well as a confirmation of the SLC

beam polarization.

2. Beamstrahlung

e £ ~ 10! V/cm for the E-144 lasér, and for electron

bunches at future ete™ colliders.

¢ ¢ + nwiaser interactions with large n mimic
beamstrahlung.
e c+nw — e'eTe ™ is analog of important pair-production

backgrounds in future colliders.

Si calorimeter

'\ permanent bend magnets v

47 GeV e's %74_ FHHEE R -]
V laser pulse > e v
V— : A [ ;] els'odump - gamma

calorimeter




3. Nonlinear Compton Scattering: e e ol 4 ’Y,

e Semiclassical theory = data will diagnose laser
intensity.

e Provides v beam for light-by-light scattering.

CCD's
iP1 Si Calorimelers
u gamma canverter /ﬂ’ :
SEEEL - - - - | - L1
- . gamma- -
dipole magne‘\”\“\ﬂ\\ calorimeter

4. Multiphoton Breit-Wheeler Process: v + nw — eTe”

e Might show anomalous structure in e*e™ invariant mass

when F > Fgit.

P 1 Si Calorimeters P2

= <f------ L]
di \ﬂ\ gamma
pole magnel

\ﬂ\ calorimeter
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5 Coplous et Productlon
e ete™ pairs from e-laser collisions could be best
low-emittance source of positrons.
e No Coulomb scattering in laser ‘target.’

e Positrons largely preserve the geometric emittance of

the electron beam = ‘cooling’ of invariant emittance.
e Can produce 1 positron per electron if B* > Foit.

e Production with visible laser is optimal for ~ 500 GeV
electrons.

[Or use a 50-nm FEL with 50-GeV electrons. ]

6. e-laser technology of E-144 is precursor of e-y and vy-v

colliders.
7. Accelerator-physics spinoffs:
e Nonlinear-optics diagnostic of electron-bunch length.

e Possible demonstration of laser acceleration with

gradient of 1 TeV/m (but only for a few pm).

11



144 Hlstory o

Oct. 1991: Strong-field QED experiment proposed to SLAC.
Dec. 1991: Conditional approval of E-144 by SLAC EPAC.

June 1992: Demonstration of laser focused to 10 Watts/cm?

at U. Rochester.

June 1992: Memorandum of Understanding between

Princeton, Rochester and SLAC.

Sept. 1992: Full approval of E-144.

Oct. 1992: U. Tennessee joins E-144 collaboration.
Apr. 1993: SLAC beam test of silicon calorimeters.
May 1993: Laser shipped to SLAC from U. Rochester.

Aug. 1993: First run of FFTB; tests of e- and y-calorimeters.



e-beam polarization measurement;

evidence for quadratic effects in Compton scattering

Sept. 1994: Further studies of nonlinear Compton

scattering: evidence for 2-, 3- and 4-photon cffects.

Mar. 1995: 5-day run to study nonlinear Comptoﬁ
scattering, and search for positron production.

First use of CCD pair spectrometer.

Jan. 1996: Study pair creation by light at 1P2.

13



- Experimental Ingredients

e LLow-emittance electron beam.

e Terawatt laser.

e Synchronization of e and laser beams to 1 psec in time,
and a few pm in space.

e Silicon calorimeters for ‘coarse-grain’ detection of e™, e™

and «’s.

e CCD pair spectrometer for ‘fine-grain’ measurements.

e Data-acquisition system based on PC’s interconnected

via a’'local ethernet.



F-144 is at the End of the FFTB

GCAL

CCD spectrometer

Nﬁ:ﬁ ¥

e beam dump

laser room

FFTB
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Retune PETB Quadsfor Small Spot at TP1

- Beam energy = 46.6 GeV.

QED scattering angle < 1/y ~ 10 prad.
Laser spot size ~ 3 pm.

— Desired emittance ~ 3 x 107 m-rad.
FFTB emittance ~ 3 x 107 m-rad.

E-144 tune: 100 pm (z) x 30 pm (y), 6z, 6y ~ 10 prad.

SOLID - SIGMA X (MM) 7 ""TDASHED - SIGMA Y (MM) -
] | I s

4 0.3

0.6
- 0.2

0.4
0.2 ] Ol1
0.0 0.0
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The FFTB/Shintake beam size monitor blocks the I-144
v-line to the CCD spectrometer.

Qolution: An articulated section of vacuum pipe permits

push-pull operation of both systems.

BSM
DETECTOR

< - M ' AP

DW/BB
6-3-94
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o Te rawatt 6 hlrped-Pu lse Amplification

1 Joule in 1 ps = 102 Watt.

Diffraction limited spot area ~ A2(f/D)? = 10 pm?
= I ~ 10 W/cm?,

Desired rep. rate 1 Hz.

High power pulses can damage optics!

— stretch pulse, then amplify and compress.

short puise

grating-pair
pulse stretcher

amplified, stretched pulse

amplifier stretched pulse

grating-pair : amplified
pulse compressor short pulse

_J
FIGURE 1. In chirped pulse amplification a short optical pulse is stretched and compressed by two compensating
grating pairs,
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The oscillator is controlled by an acousto-optic modulator

(modelocker) driven by 119-MHz RF.

= pulse period is 8 nsec.
The oscillator can be stabilized to 1 psec.

Output pulse 1 nJ, 50 psec.

Oscillator Table
— From RF '
:
/l' Head | @"F‘"‘\
n AH— !
/s
end mirW A a2
Y :
Autocorrelator Spectrometer
feedback to A/2 ‘ Reticon .
N A : i
<
. -
\q/\
| photo >
~ diode

to RF and osc.
end mirror
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Oscillator output coupled into a 1-km-long optical fiber.
Dispersion in fiber = frequency chirp.

High intensity = nonlinear pulse propagation.

= Broadening of frequency spectrum.‘

Qutput pulse 150 psec.
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Compress output from fiber via gratings for monitor.
Autocorrelation: combine pulse with delayed copy:.

Frequency doubling in a nonlinear crystal is sensitive to the

intensity overlap of two beams.

i 12009
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& pans ion Gratings and Optical Tr sinbons -

Grating pair expands pulse to 1 nsec and completes the chirp.

Optical trombone provides psec adjustment of laser timing.

optical

~ tromhone ' . _
_ | to regenerative amplifier y
gratmg@\i\% > G g\ra ing |

from 1 km fiber
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Pockel’s cell switches one pulse per sec into the regenerative

amplifier.
Gain is 10° in 60 passes =~ 1 mJ.

Additional gain of 10 in 2-pass amplifier =~ 10 mJ.

regenerative amplifier

A= PC} //E | Nd:glass

pockel's cell !
& =
i‘i Spcl~<
spatial filter
| 2
— . : .

2 pass amplifier

%%—— Nd:glass =
X

/|
Y

R T I T AT oS ST A N ST

Viath3 100my 50.0ns
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~Slab Amplifier

Slab geometry maximizes material near surface for cooling,.

Elliptical beam makes 3 passes through slab.

vacuum spatial filter <5]'%

doubling ! |
y |
crystal w J
M compression gratings

slab amplifier cylindrical
] Ilenses

—

T/{_M—J\
d %;4:1 -

anamorphic vacuum spatial filter
expander |

Slab Triple-Pass Gain

600 e T e T
500 I 7 .
400 | 3
8200 | : ]
200 | .

100 | ]

0 AP P S | i IS AW TSI e

1500 2000 2500 3000 3500 4000 4500 5000 5500
Capatitor Bank Energy

27



e qu ency Doubling ,

Focused intensity oc U/A%
Eox VIxVU/X

. (Gain in peak field if can double frequency with > 25%

efficiency.

Frequency doubling conversion efficiencies of up to
50% were obeserved with a 8 mm thick KDP crystal

UR ';__
L.L.E_”J
0.6 r ——H+ a ! T--.
> 0.9 ‘ I ¢ - \
o : 1 |4 { y: 3
Q N 1
o 04 [ e cfficiency
5
- . i - 1 ‘ theoretical
S 0.3 - * _ ¥ efficiency
fz ; i
g - 0.2 -
: =3
) .
o o1
O : 1 ] i ] ! | : | 1 | t | 1 | 1
0O 10 20 30 40 50 60 70 80
Intensity (GW/cm*cm)

28



p erspectwe Vlew 0 0pt1cs f ransport S

=

241
> _@& | .
,ommom:\&,‘.

, v

'v A‘, )
‘v .

é

29



Axis

Laser Focus Via Off- Parabolic Mitror

v '
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from — -
7] (O

beamsplitters

LASER REAM CRosses
ELECTRON REAM
AT 1M °

e,

motorized mirrors

off axis parabolic mirror

Interferometer monitors quality of optics transport.
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What IS the LaserI nten31ty‘? R

7 =10 W/cm? = E = 1000 V/A.

_» atoms cannot survive in laser focus!

1. Indirect measurement: I = U/AAt.

Measure U, A and At separately.

9. Direct measurement: multiphoton ionization of gas.
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" Spot-Area Measurement

The focal spot area is measured by
imaging the focai plane

UR

Focusing | | Imaging
lens 1 lens

LLE"

CCD

Ay

Magnification =

aolzo
- N

fi

camera

i
Laner Mengty Profig = = Foa §087 {vent 854 N -y by e - -
(1 %‘ Lasas wigayty T9fe 7 Cat A.n 3287 et $14 ) Layer 'ptestity F-afle X Cut —= Jun 9CAT Drent 834
£t s
iwr z
3 ' 5 *,
. . L Ed
: *.' 5) %
50 b ; d
! 3
{ 4
1 r { Y
0 } 4
i i i
] Y
I i b 3 i
0 H %
iy H Y
7 [ s 5
F; : . uF N
p . : b caea Ty et
gg fromfeeee T e .!' 0 e a1
10 19
P P ISP WP NPO . ] SR WA T
L ° sl st and 1 [ i r [ L I
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Can only be made occasionally. Hamamatsa FESCA 500

FWHM=1.3 ps

Profile
800 3
700 1
600
500 - ?\
400
00
200
100
N
0 ¥
5 0 20 %0 4 PSEC



Shot-by- Shot Pulse Width Measure Cent

The pulse width is measured using
a single shot autocorrelator

uRr

LLE
. |ul . - _1‘_ - . .
| 4 ; Wedged
beam splitter
A= <
Po—
S-polarization >
light 1§0~,um-
e
Optical Prism on
_» axis translation
1-mm-thick stage
LilO,

PIN
diode

Photomultiplier
62900 or linear array
1 12007 ' 78,08 50.0%/ T ¥E STOPF
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““Multiphoton Tonization of Nobl

‘Barrier suppresion ionization’ model well confirmed up to
I =107 W/cm?.
1017 T T VT T T T TTT] LLLl} T—T7¥ R’/‘g Laser
W Xenon mx 4
%' O Krypton O&OA . f
5 10%E A argon A q | McP
ﬁ % neoh lard—,i I . detegtor
% 1015 t ellum A’O-Flio ._ . lonizatfon Fleld-free drifl tube A kinatic
¢ O. - I Systems
= wh . , 100-Mhz
2 1014 ./O . _ digitizer
] L .
1013 p ol y sl poa el Lt llll.: V - ’ +y \-? o |
1013 1014 1015 1016 1017 . Tartlval = _9:_\;- j_fid__
)

Measured threshold Intensity

Data for.ionization at I up to 10Y W/cm?* (indirect

measurement) agree well with model.

Number of ions detected

100.0 ; T

E T T T T 3
- *
i o ]
- [ 3
10-0 :_" -
1.0 | -
[ Ar9t (theory) i
- o Ar9* (experiment) | -
0_1 i 1 I 1 1 11
1018 1019

Intensity (W/cm?)



How Well Do Laser and ¢-B cams O verlap?

Spatial Overlap

IP1 box moves 10’s of um diurnally relative to e-beam.

Past: Initial alignment via phosphor screen.

Occasional z and y scans of e-beam across laser.

Future: Precision cross hair at IP1 will locate laser focus in

z, y and z, and e-beam in z and y.

phosphor, 0.020"

F) ) 1
i 1.000

: wire support, 0.016"

calibration foii, 0.002"

2.500

Needed: beam position monitor fixed relative to IP1 box

for shot-by-shot measurement.
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................................... TheLaseriS Locked tothe Linac RF

Phase locking via output of phase comparator between RF

and photodiode observing laser beam.

40 | s | 1 1
30 |— | ﬂ_:’ . -1 i
on g By X "1‘ :
20 - § o ek -
a‘ " ‘:‘ E . ;
10— £ - ' — |
W rapyielrtiemarn
MV ' L K
0 l.— L —_—
(1.4 ps (1) 5 o - ;
10 B . * _
| & X p
x w o Cx FEEDBALK LW
.30 | | | | 1
0 100 200 300 400 500 SEc

1-psec locking obtained on scale of minuftes, butmlong term

drifts.

CW PHASE COMPARATOR OUTPUT (MV)

0
MV
Casin) 5 =
-10 — |
-15 7 i 1 [ 1 1 T A i T

1 l 1 i ) ' 1 + ' t !

& < o =) o S o o . 3 o o od

Q M < m < 42 o ™ < ™ ) (W]

(o f] — - o (4] ™ ™ o (- — —

o o (g (g o 4] o (3 o ] © (=]
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e Rlnglngc avity

An RF cavity downstream of IP1 is excited by the e-beam

to provide a shot-by-shot phase reference.

1Y e g-""""E ......... grorerees E.; ....... grorere greeseees goorernens g :
.............................
H : NEY o H
: : Sy e i _
.uﬁ"m""m""m?"? ................................. y“i ...... ; ?Lsgsg é, }4Lllz
.......................
............................. SOVTE SAUOY SAPNE RS WU SIS S
L N %
............................ .‘3.
-1y i

41.7ns L 288nssdiy & ... 43.7ns_

The 476-MHz RF derived from Sector 30 is well locked to
the ringing cavity in the short term, but long-term drifts.

BEAM CAVITY PHASE (DEGS)

-120

bEG— “140—W.—

s{
(ips{pEe) 60

-180 ] [ P 7 T T 0 A T T E
] 1 1 1 ] i ) <+ ) ] ! I
2 ) ) o O ) S ) < ) ) T4 !
S ™ S ™ S ™ o ™ ) ™ o ™ i
< o — — o o ™M o o — —
o o 0 o 0N qY - O ) o <
33:22
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Proposal: Measure time of optical synchrotron radiation of

e-beam (largely due to the Earth’s magnetic field!).

Laser pulse will be used to switch reflectivity of a Si wafer

on psec time scale.

Tilted, time-dependent mirror = translate time into space.

\\S'S/"nchrotron

light 3 ps ct/tan 6

Laser pulse
~1 ps

Spatially
detector

41



Overlap Strategy L

In absence of shot-by-shot confirmation of space-time over-

lap, we must do frequent (continuous?) scans in both time

and space during data taking.

GCAL Energy [GeVl

ECAL Energy [GeV]

x 103
1200

1000

800

600

400

200

3000

2500

2000

1500

1000

600

Laser Pulse — Electron Beam Timing Scan

Constant 9785E+06

= 1 Mean .B8818E+05

) E: Sigma 447.6

- §:<———-siﬂna| in 4 Colorimeden

: N

o N S=1Sps

. N

; Nl

n N beam related

- !

s \ background

§ \ l

B N

P TR . \L N T ¢ RSN NS R
B4000 88000 88000 . 20000 92000 94000

Stoge Position [um)

Illlllllllllll]!llllllIIIIIIII.IFII

84000 86000 88000 20000 92000 94000
Stage Position [um]

Constant 2168.
Meoq BB17E+05

| Sigma 597.2

— s‘uinal in & calotimeter

S=3ApPS

benm related

492



Silicon Calorimeters

LhsER

beomn eteclron

CaLOoRIMETEH,

Posiuém
.Si~{o

§P051Tr=-ou

B / van [Jussia
: I

wFeIgi wrezn
- e ———é

0 ‘>L,I"..

N PR SO TP S

ELECTRoN

I

P CALOR METE R,

| P

8 10 iz 14

Silicon-tungsten calorimeters: pads 1.6 x 1.6 cm”.

E-cal: 48 towers
P-cal: 64 towers

3 longitudinal segments .

Readout using RABBIT electronics from FNAL E-706.

1 tower =
4x4 pads

16 18-

43

10 GeV

20Cev

3O Gev

Q .
40 Gev

30 Gev

20 GeV

2

\1
h\Y

23 layers
of 1 X



Calibrations in A-line and FFTB parasitic to SLD running.

Resolution ~ 26%/VE.

Run 105 (—P2d 102) 25 GeV Dala

) SO0

Entries 25000

10 Meon 0.4100E£+05
N . RS 0.3019£405

|

ol T

0 500 1000 1500 2000 25002
x 10

Tolol enerqgy
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it the Beampipe

- Compton-Scatter Electrons H

j(-—z profile

ECAL with 7mm PB SHIELDING ot 10cm, 100,000 Compton photons

Even with shielding have ~ 300 GeV/10% Comptons.
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" CCD Pair Spectrometer

5D36 magnet followed by two arms of 4 CCD’s each.

770 x 1150 pixels per CCD; pixel size = 22.5 pm.

. Mass resolution ~ 15 keV at Mgt~ = 2 MeV /%

Readout via PC-based frame grabbers.

Top View:
Analysis magnet

Used in analysis

Lo

Upstream Box

Downstoeam Box

DEAD! .oomee” e

Lead Absorber ©
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—EOD Test

Can find tracks in events with ~ 100 tracks/CCD.

Beamz 1Hz. Loserz 3 mJ. Magnetz 135A = .5T-m

2000 | X/ndl 1608 / 25
: Pl 1271,
1800 - No Cuts P2 3099
" g=12.4 pix. = 280 um i 2560
1600 [ =280 prad | SO B
oo | PE 12,38
00 - N=1370 _ Frochs

A€l

800

A ey,

600 budr bk crmbiatoric
: . B&Lksy’ehhl '
400 ;
200 -
0-IlIILL!!llllllllilllllll!Lllllllll'llllllll

-200 -150 -100 -50 0 50 100 150 200

Y lriplet distance ot CCO 1

But will not be able to correlate e™ and e™ tracks in events

with more than 2-3 pairs.

Full CCD spectrometer to be installed for March '95.
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Compton— RateMonitorS e

The linear Compton-scatter rate is our primary measure of

e-laser overlap.
It is used to normalize the nonlinear signal.

At high rates, FE-cal must be removed from path of linear

Compton scatters.
G-cal, CCM1 and CCM2 monitor Compton photons.
EC31 and EC37 monitor scattered electrons.

CCM1, CCM2, EC31 and EC37 are gas Cerenkov counters.

Pb Converter
Y \ v et |
Cerenkov Periscope ‘
Pb Shield |
: .. \ ‘
e .

" PM.T.
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s s D at a_A cqui Si t i On S y St em S,

Detector elements are interfaced to several ‘front-end’ PC’s.

Data from the ‘front-end’ PC’s is collected via a local

ethernet by a ‘back-end’ PC.

Data can also be examined online by ‘display’ PC’s.

Sili CcCcD Las Las Laser Torroid
con er el ¢ orrolds
Calori- Spectro- Optical Energy Spol-Size BPM's Detectﬂrs. /
 melers ) meler Trombone Meter Camera Cer-Clr Diagnostic
Equipment
Rabbit Dipix Stage Digital - Electrim CAMAC
=% | Crates u Frgme ™ Con- - chpe - Frame m Crale m Readout
Grabbers trolter Grabber Electronics
- o) O O o) Front-End
Computers
SICA1 ccm LASER1 LASER2 LASER3 BEAM1
Ethernet
O c—1 | Exabyte
Trigger Drive Back-End
Logic — 1S{CSdldi . Computer /
{Crate) arees Trigger
Control
BEPC
C) Display
Computers

DI PC DI PC DIPC - DIPC
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Laser pulse energy ~ 3 mJ.
Geattered electrons observed in E-cal.

Laser frequency doubled to 537 nm so that zero of

polarization asymmetry at 25.4 GeV is In top row of E-cal,

Polarization Configuration : b
The beam is picked off after the 6mm amplifier with a 1 ' ~ Ol N
kinematically mounted mirror and bypasses the slab m ]

amplifier.
ow autocortelator Spectiometes k/'/\

polarization optics

\ kinematic mounts

11

| X i

—1 > N
to transport N \
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Fit to measured polarization asymmetry in 4 energy bins

yields

Laser polarization > 0.96 = P, = 0.81

Compton Asymmetry in Percent

. —~80 .-‘-lill

7% ASYMMETRY

60
i Run 4053
40 [ ST S 'nOPmGl' .
. i. | laser polarization
20 I FYPTRUIS S
O _....;...ji. ............
...-20 - ..-.....1 ....................................
#'40 b R O Run 4056
i IS ‘opposite’ "
peedoniondond laser polarization

60

50 |

30 |

201

P.Plaser = 0.81 £0.01.

E£col Row Number |

+0.04
—0.01"

40}

10}




inear Compton Scatter

F

Laser pulse energy varied from 10 to 50 mJ (May ’94).

i

H
i
i

13

inear Compton edge.

W"..,....._ : ]
.- ; " i
=l B s

LLFB2A !'L
KV L N

BT

12

L UmIA
_k i

10

Event 1347

18

16

Even! 1021

cal lowered beyond 1|

E

Event 149

52



Analysis Of ﬁrSt longitudinalsegment ) I'eSO]_VQS 1 , Qa,nd ..... 3 .............................
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200 |-
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Number of hits decreases with electron energy to zero at

4500
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laser energy correlates with linear Compton rate.
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Scattering

Nonlinear Compton scattering: e + 2viaser — €' + 7.

Double Compton scattering: e + Yiaser — €' + 71,

e’ + Yiaser — €" 4 v2.
Both processes are quadratic in laser intensity.
Kinematics of the final-state electrons are identical.
.Spectra, of final-state electrons are similar.
Rates are similar in conditions of E-144.

Best distinguished via the final-state photon:
nonlinear Compton scattering = one, higher-energy v;

double Compton scattering = two, normal-energy 7’s.

— need CCD spectrometer to resolve the two processes.
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NO nlinear Compt()n Scat te ring ........ .

Simplest to consider a circularly polarized laser beam

incident on an electron at rest.
Laser field is F, frequency is wyp.

Classical response of electron is transverse motion in a circle

with angular velocity w and velocity described by

ely

6= =1
muwoc

in = eA/mc? where A is magnitude of vector potential ]
The accelerating electron emits multipole radiation.
Rate, o< n?® o« I™ for nth-order multipole (7.5 1).

nth order < absorption of n photons before emitting a single

higher energy photon.

Nonlinear Compton scattering becomes prominent as n — 1
and the transverse motion of the electron becomes
relativistic.
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Theory of Nonlinear Compton Scattering

Circular polarization (Nikishov et al., JETP 20 (1965) 622).

/
nw, +e — e +w.

2 .
z = wﬂ\/nua: —u?(1+n%).
T

Case of linear polarization is more intricate.
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Spatial Dependence of S‘ca'tté"ri‘ng Rates
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Sept. ’94 un ; | S

Improved doubling efficiency — up to 1J at 527 nm.
Shot-by-shot spot-area measurement for latter part of run.
A =~ 20 pm? at low pulse energy.

Observed 20 < A < 100 pm? at larger pulse energies.
Measurement gives only a upper limit.

Shot-by-shot pulse length measurement not available.

Streak camera showed At = 1.5 ps at low pulse energy,

up to 3 ps at high pulse energy.
I imistic = !
max,optimistic (15 y 10_12) (2 y 10_.5)
1
Imax,pessinﬁstic = (3 % 10_12)(10_4)

=3 x 108 W/cmz.

=3 x 10" W/cm®,
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Remarks on the Data

High laser energy = up to 10° scatters/pulse.
= must lower E-cal out of n = 1 range.

Backsplash from beampipe, crosstalk = can use only top 4

rows of E-cal.

Use events only with good e-laser overlap:

CCM1/Ulpser > 0.5 peak.

We report,
1 dN, 1 do

N.dP, ogdP,

where N, = number of scattered «’s, and

N, = U,/ P, = number of electrons in a row of E-cal.

N, is inferred from the CCM1 Cerenkov monitor.
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w+nw0—>e_—|—e+

Cross-channel reaction to nonlinear Compton scattering,

= Theory exists.

In E-144, need n = 4 to cross threshold at 527 nm
(need n = 8 at 1053 nm).

= Rate o< I° at 527 nm (o< I7 at 1053 nm).
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S, o P reparations for MaI'Ch ’95Run

- Install wire scanner in IP1 box.
Install beam position monitor in I1P1 box.
Install TP2 box and wire scanner (no laser optics).
Laser oscillator rebuilt = improved timing stability.
CW autocorrelator installed to monitor oscillatqr pulse length.
New slab amplifier.
Optics installed to deli'ver both 527 and 1053 nm to IPI.
Single-shot autocorrelators installed for 527 and 1053 nm.
Install CCD pair spectrometer.
Explore use of ‘hi-lo’ e-beam to reduce scattering rates.

Run plan with extensive z-y-z-t scans of e-laser overlap.
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A 5855858555555 5555 E lectron Mass S hi ft ............

Classically, an electron in a strong wave field undergoes

relativistic transverse oscillations which increase its mass.

Quantum mechanically, the electron is in a ‘dressed’ state

(Volkov solution to Dirac equation) which appears to have a

higher mass.

meg = my1l + 1.

Most prominent effect is shift of the endpoint of the n =1

Compton scattering spectrum.

Can measure this for converted Compton ~’s in the CCD

pair spectrometer,
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.................................................. | . Sum mar-:yr

We have crossed the threshold of nonlinear QED.

Incremental improvements to the apparatus are still to be

made, leading to large additional physics reach.
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