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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.

e Kixplore the validity of QED for electromagnetic field
strengths in excess of the ‘critical field strength’

m2c3 /eh = 1.6 x 10'® V/cm.

e [ixplore QED in the realm where multiphoton

interactions dominate, i.e., when eE/mwc > 1.
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e T h e E D . C r i ti c al F i el d S tre ng t h e

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).

o F. Sauter (Z. Phys. 69, 742 (1931)) deduced that the
paradox arises only in electric fields exceeding the critical

strength:

2.3

By = -m—;m — 1.32 x 10%® Volts/cm.
A

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

wavelength is the electron rest energy:

h 2

| eEcrit s — = TNC .
m

e At the critical field the vacuum ‘sparks’ into eTe™ pairs

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



________________________ —— Where to Find Critical Fields-

e The magnetic field at the surface of a neutron star

approaches the critical field Bg;; = 4.4 X 103 Gauss.

e During heavy-ion collisions where Ziyy = 27 > 1/a,
the critical field can be exceeded and eTe™ 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.



Critical Fields in e-Laser Collisions

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

of a high-energy electron is
B* = 'Y(]- + /B)Elab ~ zryElab

e The critical field is achieved with a laser beam of intensity

. El%:l,b . E(?rit
37T 4y 37T
Thus for 46-GeV electrons (7 = 9 x 10%) we can achieve

Ei with a focused laser intensity of 1.43x10'® Watts / cm?

(=2 10%" photons/cm?, Ei; = 7 x 10'° Volts/cm).

e Such intensities are now attainable in table-top teraWaitt
('T°) lasers in which a Joule of energy is compressed into

one picosecond and focused into a few square microns.



E-144 Physics Program

1. Compton Polarimetry

‘e Both the F-144 laser and electron beams are polarized.

e A measurement of the polarization asymmetry in
Compton scattering provides a basic check of the
B-144 apparatus, as well as a confirmation of the

S1.C beam polarization.
2. Beamstrahlung
o I =~ 10! V/cm for the E-144 laser, and for electron

bunches at future ete™ colliders.

e ¢ -+ NWiser laser interactions with large n mimic
beamstrahlung.
e c+nw — e'ete” is analog of important pair-production

backgrounds in future colliders.



e Semiclassical theory = data will diagnose laser
intensity.
e Provides v beam for light-by-light scattering.
4. The Multiphoton Breit-Wheeler Reaction:
v+ nw — eTe”

e Might show anomalous structure in ete™ invariant mass

when E > FEgit.



5 GOpi'O‘[lS e+ e~ PI‘O‘d’tI‘C‘tiOl’l
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 T > 1

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 -y

colliders.
7. Accelerator-physics spinoffs:

(a) Nonlinear-optics diagnostic of electron-bunch length

(b) Possible demonstration of laser acceleration with

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



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 pum in space

e Silicon calorimeters for ‘coarse-grain’ detection of e, et
and y’s

o CCD pair spectrometer for ‘fine-grained’ measurements.

10
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HIGH-INTENSITY LASER PULSES EXTEND TH
REALM OF OPTICAL PHYSICS

E

By J.H. Eberly, P Maine, D. Slrickland, and G. Mourou

A chirped pulse amplifier and compression laser system
produces 1-J, 1-ps laser pulses at 1-um wavelength

ur 3

LLEAW

A= 1.053 um A55 ps Elber
cw Nd:YLF ML DOU00
' 800m
""""""""""" i
; _.":*s..quo—__pzsa_‘”*l
| ©
| @ t
______________________ ) '
' ‘ Nd:glass
Dfi‘} 2 S [ Regenerative amplifler ]«
Nd:al 400 ps
iglass [ 1100 md e~
4-pass amplflerj——» V\‘I
3 " 400 ps
Compresslon stage , |84 Nd:glass ,
A,t“ —— ‘< f\\ﬂ Slingle-pass
S otps b 30-mm amplifler _
_ >2.54 :
2647 7-ctn dlameter A

shorl pufse

grating-pair
pulse stretcher

amplified, stretched pulse

amptifier

grating-pair
pulse compressor

stretched pulse

amplitied
short pulse

ﬁh

FIGURE 1. In chirped pulse amplification 0 shorl optical pulse is sfretched and compressed by two compensaling

grating poles.
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Strong-field QED Experiments

I. Nonlinear Compton Scattering

(
L+ N Wiagma, — PRI

Ve L.AS:.L. PALL SPGCUZo M:.‘CUL

<o GeV o

v
c.ouue‘a:r:e«_

2. Pair Creation by Light,
Y+ M Wiagea = Vg

u\sc;rz_ WASEr - PAIR xesc:rzo METEA_
<0 geV c

Gc‘e‘w%w/’“vﬁ“

10 &_\f RESsoLuTtian)
o M & ~ At LB HeV[J*
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E-144 History

Oct. 1991: Strong-field QED experiment proposed to SLAC.

Dec. 1991: Conditional approval of E-144 by SLAC EPAC.

June 1992: Memorandum of Understanding between

Princeton, Rochester and SLAC.

June 1992: Demonstration of laser focused to 10'¥ Watts/cm®

at U. Rochester.

Sept. 1992: Full approval of E-144.

Oct. 1992: U. Tennessee joins E-144 collaboration.

Apil 1993: SLAC beam test of silicon calorimeters.

May 1993: Laser shipped to SLAC from U. Rochester.
Aug. 1993: First run of FF'TB; tests of e- and y-calorimeters

Apr. 1994: First data taking by E-144 at the FI'IB.

11



8 shifts dedicated to E-144 during 5 blocks of FFTB running.

Simultaneous operation of all components of the teraWatt

laser system.

Operation of a data-acquisition system based on 9 PC’s with

ethernet interconnection.

Synchronization of the laser and electron beam established

to ~ 3 ps, as diagnosed by the Compton scattering signal.
Measurement of the electron-beam polarization.
Testing of a prototype forward CCD spectrometer.

Observation of (nonlinear) double Compton scattering of

electrons by the laser.
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Double Compton Scattering vs. Nonlinear Compton
Scattering

Nonlinear Compton scattering: e 4+ 29j5e: — €' + 7.

Double Compton scattering: e+ yjaser — €' +v1 @ € +Viaser —

e -} Y2.
Both processes are quadratic in laser intensity.

Double Compton scattering has somewhat higher rate in

conditions of F-144.
Kinematics of the final-state electrons are identical.

Spectrum of final-state electron is ~ flat for nonlinear Comp-

ton scattering, triangular for double Compton scattering.

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

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

= need CCD spectrometer to resolve the two processes.
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.......... Fl].t ureRunS chedule

e Sept. ’94: ~ 15 shifts during 2 weeks of FFTB running.
Laser energy — 0.5-1 J.
Positron production via 2-step process; observe in Si cal.

Install CCD spectrometer in air inside FFTB tunnel,
with magnet, protection collimators and vacuum line

extension.
Study nonlinear Compton spectrum with CCD
spectrometer.

e Feb. ’95: 15-25 shifts during FFTB run after SLD run.

[nstall 2nd interaction region for studies of light-by-light

scattering.

Observe eTe™ pairs in CCD spectrometer in vacuum.
e 77 06

Precision measurements of ete™ mass spectrum.

Relocate CCD spectrometer outside FFTB tunnel if

necessary.
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@ C- DAL . it e SLAC
e-beam diagnostics
RE timing
Laser & spectrometer buildings

Polarimetry optics (with Rochester)

e Laser systems.......coovivinnenniin .. Rochester

Laser-beam transport and diagnostics (with SLAC)

e-bunch-length monitor

e Silicon calorimeters (eT, e™, ) ..., Tennessee

Calorimeter readout (with Princeton)

o CCD Pair Spectrometer..........ovvvevnnn... Princeton
Data-acquisition system

Optical-synchrotron-radiation monitor
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Future Hardware Tasks (Princeton) """"""

Modest expansion of the data-acquistion system.

Assemble spectrometer with 8 CCD’s on custom driver boards,

mounted on motion stages.

Construct CCD spectrometer house: in air for Sept. '94,

but stainless-steel vacuum box for Feb. ’95.

Commission custom, low mass CCD carrier boards for

Feb. 95.

Machine heavy stainless-steel parts for the IP2 optical beam

transport, needed for Feb. ’95.
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............................ Remarks OnLaS er D iagnostics
The laser consists of 4 amplifiers, each a laser in its own
right.

Only the first amplifier (oscillator) is reasonably well

instrumented.

‘Turn-key’ performance of laser can only be achieved with
greater investment in diagnostics (as well as a few

improvements underway ).

Princeton could play a role in time-domain diagnostics:

1. 6-GHz single-shot sampling module (LLNL design, ~ $15k)

2. 1-GHz real-time digital oscilloscope (Tektronix TDS 684A,
~ $25Kk)
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Proposed FY95 Equipment Budget

Stainless-steel vacuum chamber and accessories ... ... $20k
Additional online/offline computer system ........... $10k
otal . o e e $30k

Highly desireable for improved timing diagnostics:
LLNL 2-ch, 30-Gsample/sec, 6-GHz module .......... $15k

Tektronix TDS684A 4-ch, 5-Gsample/sec, 1-GHz
oscilloscope .............. e e et e $25k

18



