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Heaywka CospemeHHbIX YcKkopuTeneu

LiuknoTtpoH 25%
80,000 BOJ‘le
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LHC Large Hadron Collider 27km
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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

To reach higher and higher collision energies, scientists have built and proposed larger and larger machines.
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ﬂquMHbI ana necCuMmsma

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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TTosoa ana ontumusma Copernican Principle

Let L denote the lifetime of the phe-
nomenon in question. We observe
the phenomenon in progress, so

\

-

L =t past+ 1t future

Puuapa Mot (R.Gott)

High Energy Particle
accelerators exist for
t past = 90 years
SRS 0 with 50% confidence they will
Mo < Frnare < o exists for another
(50% confidence level) t_future=30 to 270 years
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Q1kyaa Bce “..ecTb nowno..." (quiz)




®usuka u bor

"...Penurua u ectectso3HaHUe
HyXAaaroTcs B Bepe B bora. TTpu
3TOM Anga penurum bor ctouT B
Hayasie BCAKOro pasmbIlieHus, a
ANa eCTeCTBO3HAHUA — B KOHLe.
[Ina oagHUX OH O3HaA4YaeT
(PYHAAMEHT, a ANa APYrux —
BepLIMHY NOCTpOeHUa NHobbIX

MUPOBO33peHYECKUX NPUHLMNNOB..."
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Qualitative Advances

New Drivers/Power Sources:
> another beam
> laser

New Accelerating Media:
» plasma
» dielectrics
» microstructures
» crystals

Weird Schemes/ldeas
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Example of Evolution: Music to Ears




Wakefields In Dielectric Tube

o

' _
100 MY Am

Goal ~1GV/m (diamond surface limit)
Achieved ~100 MV/m over ~1 m (AWA)
Challenge - staging

D=5mm diamond tube

0.5mm wall = 34GHz rcelorerone: Qo vadies



Monochromatic protons from laser jolt

Titanium foil 5 um Goal ~1GeV
U il Achieved ~200 MeV
- with dE/E<3%
Challenge s
- — get high charge

. _accelerated a g
protons

-- small sizes
-- higher laser power

laser pulse 5 - .
o | " il o *~—
‘ | -/I' - T ’
1.0 ]
3 10*" Wicm?
3
preplasma 3
-
v ® £
g 3
- 3 05

target normal, ¢
quasi static  ?
electric field ©
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Excitation of Plasma Waves

I(gea- ajima

30

0.6 -04 02 0

Option #1.:
Short intense e-/e+/p bunch

Plasmg wave: electron | gser/beam pulse ~ AglC
density perturbation >

<«

02 04 0.6

Option #2:
Short intense laser pulse

Brnagumup [m. Hnnbnes
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Beam Excites Plasma

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

> Doubled energy of 45 GeV » small (dE/E, size) beam

b in 1 meter plas - '
eam 1B ine” Plasma . still to be achieved

o

Position [mm]

] .cun' > (FACET experiment at
SLAC underway)
: “E| »needs unique drive beam
"B > defocuses positrons

Charge Density [-e/mm] o

| | — Eormon » hard to preserve ultra

0 small beam emittances

. » thinking of using protons
ol as a drive (even harder)

0 40 50 60 70 80 gb(])o \ccelerators: Quo Vadis? 22
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Laser Excites Plasma

B B #

. 3 Gas inlets
: >
Focusing lens
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Laser P
=, B
Laser beam envelope pulse in ™

G-
Plasma channel >
Laser

~.\ block S
e, \
Thermal pressure
' pCfMeV!SH

0 P .*‘0 Challenges/Issues:
T
] i
3

15 » speed of light in plasma always <c

i1 » need many stages - hard
0.5
100 200 300 400 500 600 700 800 900 1000{MeV]

e > » BELLA experiment at LBNL with
= Achieved ~30 6V/m (Berkeley) Petawatt laser (not table top!)
» 16GeV over 3 cm

» low rep rate, efficiencies
> 40 TW laser » hard to preserve ultra small beams
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SiC, diamond, metamaterials, etc

Shapiro (IT) Metamaterials

Antipov (ANL)

,-"'x .-
Lo i N
Shvets (UT Austin) ’

sic Essence of the PASER (micro)

ELECTRON BUNCH—""T

B Franck-Hertz Experiment u LL Experiment

CYLINDRICAL LENS

SWEEPING thc?v\/____'
':::_:__ﬁf] E%QJ .
-ftunfl@ > 74

LASER BUNCH ACCELERATING STRUCTURE

Travelling Laser Focus across Resonant Microsytructures
Mikhailichenko (Cornell)

Brnagumup JIm. Iunsner  gar Apnl 5% 2007

L. Schachter; Phys. Lett. A ., 205, p. 355-358(1995).




My Favorite "Theme" - Crystals

T980 experiment at Tevatron

5000

« Strong inter-planar electric £ 4000

flelds ~10V/A=1GV/cm

« Very stable, can be used for
» deflection/bending (works)
> fOCUSIng (WOrkS) I'evatron, HEP store #4411 I

> acceleration (|f eXCited) | ] p-pbar collisions, %‘()(i:'\’ beam

5000 -1800 -1600 -1400 -1200 -1000 -800
Crystal Angle [urad]
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Crystal Excitation by X-Rays

>3 > © =

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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Even Better Way (..but - Fantastic)
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Bubble fusion: 2002->2007... RIP?
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High-Q resonant cavity Deuterated acetone
\ (CD,COCDy)
Bubble 2

—

Acoustic — \ Acoustic

driver pickup
'/ \ Timing signal
Neutron spectrometer! Photon counter

| d+d->n+H+photons J,

Time-resolved spectrum Timing signal 28
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Progress Feeds Dreams
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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
positron arm begins the same
way, but the 10-GeV elec-
trons emerging from its first
b module bombard a metal
target to create positrons,
which are then focused and
injected into the arm'’s string
of modules and accelerated
just like the electrons.
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Scientia Potentia Est

“Knowledge o«c Power”
“Power o«c Money™...

literally so for accelerators:
Tevatron (2TeV) 20 MW

LHC (7+ TeV) 120 MW
upn Collider(4TeV) 140 MW
ILC(0.5TeV) 230 MW
CLIC(3TeV) 420 MW
LaserPlasma xTeV 7?2 GW

F.Bacon
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That Leads to New Paradigm




Bo3moxHoe peleHue (noaxon)
OTka3 ot 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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TToackaska ot "Mother Nature”
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Bo3MoOXHO nu 3T0?

Hano npoboearts... MUnu uckato
apyrue nyTu...

Komy nrobonbIiTHO nposepuTh?
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If ybu can dream it,

you can achieve it.
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Another Neat Idea: Integrable Optics
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Beam in Active(Excited) Media

Essence of the PASER (micro)

E LL Experiment

a Franck-Hertz Experiment

BNL, April 5%, 2007 L. Schachter; Phys. Lett. A ., 205, p. 355-358(1995).
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MC vs CLIC: M&S+Labor

Experiment ° |
EXP eriment l 2,000,000 collisions 1!

1= - Discharge on
— Discharge ofY
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0.2t 1
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Future Colliders Comparison Table

ILC MC CLIC
com Energy TeV 0.5 1.5-4 3
Acceleration ~yes yes by yes by
feasible (techn.) 2013* 2011
Performance (L) ~yes ? ?
feasible now? x(1/10-1) x1/1000 x1/100
Cost : known? ~16B$ by 2013* by 2011
Hi-Tech length 36km 14-20km ~60km
wall power, MW 230 120-200 380-430
Complexity ~24,000 ~6,000 ~220,000

# of elements
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ITporpecc u nepcne
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