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Heaywka CospemeHHbIX YcKkopuTeneu

LinknotpoH 25%
e 80,000 BOJ‘le
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OTKpbITUA Ha YcKkopuTenax

(nouTtu Bce vacTuubr ¢ ~1940 rr)

1974 Charm quark (SLAC/BNL)

1977 Bottom quark (Fermilab)

1983 W&Z bozons (SPS, CERN)

1995 Top quark (Tevatron)

2009 Quark-gluon plasma (RHIC)

2010 1% matter-antimatter asymmetry (Tevatron)
Now searching :

Higgs boson (Tevatron and LHC)

Supersymmetric particles (LHC)

Extra dimensions (LHC)
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___Tpu Bonpoca na $usukoe
TToyemy BCce umeerT BecC?

TToyemy Tak mano aHTUBeLecTBa
(NoYTU HeT)?

N3 yero u kak obpasosanaco
BceneHHas?
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Comparison of Particle Colliders
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Cnenyrouiee NoKoneHue!

To reach higher and higher collision energies, scientists have built and proposed larger and Iarger machines.
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Is the field of accelerators dying?
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TynNUKOBLIW NyTb?
LHC & ILC = 0.5B$/km - 15B%

(hardware only 0.2B%$/km)
40,000 km ring=10,000TeV = 20 T$

US GDP 15T$ 15,000 B$/yr
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New AEEroaches

New Drivers/Power
sSources:

> another beam
> laser

New Accelerating Media:
» plasma
»crystals
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Excitation of Plasma Waves

Plasma wave: electron | aser/beam pulse ~ AglC
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Option #1: Option #2:
Short intense e-/e+/p bunch Short intense laser pulse
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Beam Excites Plasma

= Acceleration gradients of _
~50 GV/m (3000 x SLAC) Challenges/Issues:

> Eoubl.edlener;gy 01: 45 GeV » small (dE/E, size) beam
M Bpedtiam” PIASMA . still to be achieved

i e o ua' > (FACET experiment at

g SLAC underway)

. “5| »needs unique drive beam
"E » defocuses positrons

LN N » hard to preserve ultra

5 v Emaeiheb i small beam emittances

l.. === | > thinking of using protons

1 TRyt asadrive (even harder)
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Laser Excites Plasma
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15 » Speed of light in plasma always <c
i > need many stages - hard
> » BELLA experiment at LBNL with

. Imrad]
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= Achieved ~30 6V/m (Berkeley) Petawatt laser (not table top!)
> 1GeV over 3 cm > low rep rate, efficiencies
> 40 TW laser » hard to preserve ultra small beams
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Plasma-Accelerator-Based Linear Collider

Leemans & Esarey, Physics Today (March 2009)

Figure 6. A 2-TeV electron-positron collider based on laser-
driven plasma acceleration might be less than 1 km long. Its
electron arm could be a string of 100 acceleration modules,
each with its own laser. A 30-J laser pulse drives a plasma
wave in each module’s 1-m-long capillary channel of pre-
formed plasma. Bunched electrons from the previous module
gain 10 GeV by riding the wave through the channel. The
chain begins with a bunch of electrons trapped
from a gas jet just inside the first module’s
$\§ plasma channel. The collider’s
’ Pﬂeﬁm \ positron arm begins the same
s way, but the 10-GeV elec-
trons emerging from its first
| 4 module bombard a metal
target to create positrons,
which are then focused and

Capillary

T injected into the arm'’s string
of modules and accelerated
Gas jet just like the electrons.

Positron pmductiﬂn target
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Mvmpo( HaHo) Y cxopmenb

25. OO

20.00 A

20B/AHrcTpem=(
50km ana 1(

Bnaavmup Om. Wunbues - A



Excitation by X-Rays

Tajima,Cavenago, Phys. Rev. Lett. 59 (1987), 1440
FIG. 1. Bormann anomalous transmission. When the x rays
are injected at the Bragg angle, the Bormann effect takes
place. Particle beams are injected along the crystal axis.
« Need 40keV high peak power x-rays ¢ Muons preferred
> now available from SASE FELs like LCLS » bremstrahlung

e Gradients >1GV/cm « u+rad length 10"9 cm
» total energy~1019 GeV
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Serious Limit = Power Consumption
“Knowledge o« Power”
“Power oc Money™...
literally so for accelerators:
Tevatron (2TeV) 20 MW
LHC (7+ TeV) 120 MW
uu Collider(4TeV) 140 MW
ILC(0.5TeV) 230 MW

CLIC(3TeV) 420 MW
LaserPlasma xTeV  ?? GW




Bo3moxHbIUM noaxon
OTKka3 o1 nyykos = 1+1 yactuua

TTonyynTb HAAO TOMBbKO SHEPrUro

Ckaxxem 10,000 TeB+10,000 TeB

ManeHbkun yckoputenb+60sblion
AeTekTop (aTMOCKH Unu nea)
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Coacu0o 3a Boumanue ?



TTpobnema konnamae
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That Leads to New Paradigm




