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#TI otoH-IIpoToHHBIE CTOJIKHOBEHUA

Interactions of constituents of the colliding protons, the so called
partons (quarks, gluons)

proton 1 proton 2

Ps. ... momentum proton 1 Ppacton: ... MOMentum parton 1

- Pr. .. momentum proton 2 Pratoo: ... momentum parton 2w
* interaction vertex




2o lerextopsl yactui; CMS & ATLAS
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LHC DIPOLE : STANDARD CROSS-SECTION

FC
B

ALIGNMENT TARGET
e MAN QUATRIPOLE BUS-BARS

HEAT EXCHANGER PPE

SUFERINSULATION

VACUUM VESSEL

NONMAGNETIC COLLARS

ODIPOLE BUS-BARS

> SUPPORT POST

NbTi kadean, 13 kA @ 1.9 K
n0 9 Tecaa (90 000 I'c), 10 GJ
Bakyym nmyuka <le-12 atm

Relative beam sizes around IP1 (Atlas) in collision |ﬂ.epb1 - M KM ' MGPT 2013 7
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# Kgenu (Quench) : MPT maruut™

Nel kak MOYMHWIN

*pnulled off the web. We recover our Helium.
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#HOI/ICKI/I 3JIEMEHTAPHBIX YACTHUIl HA YCKOPUTEIAX
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e UTak, 94TO UMeeM
LHC  npoTOH-NpOTOH 4000 (7000) =B

YTO ITOCJIE LHC?

( +20 nem )

= RHIC(CLUA) npoTtoH-npotoH 250 3B
= NICA (dyoHa) npoTtoH...Au  1-5 NeB/HyknoH

= ONEeKTPOH-NO3UTPOHHbLIE habpukn 1-10 'eB
» b, C-tau, Phi - yactuubl

= ONeKTPOH-UOoHHbIE Konnangepsbl: 15-50 3B

Bnaaumup Wunbues - Konnanaepsr - KK, Mapt 2013 14




# Tpu Boripoca /g ®usukos

TToyemy BCe UmeeT BeC?

TToyemy Tak mano aHTUBELWECTBA
(NoYTU HeT)?

N3 yero u kak obpasoeanaco
BceneHHaga?

Bnaaumup Wunbues - Konnanaepe: - UKA, Mapt 2013 15
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het

HyXHbI DHEPrUuU
Brime BAKa ...x107

...TPH MOAX0Ja U JIBa

OrpaHUYECHUS
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€ o
a& CII Marautsel Yckopureien

83T

LHC,
45T 53T 3.5T 1276 dipoles
HERA, RHIC,
9m, 75 mm 9 m. 80 mm
416 dipoles 264 dipoles

Tevatron,
6 m, 76 mm
774 dipoles

4.5 K He, NbTi NbTi cable NbTi cable NbTi cable
+warm iron cold iron simple & 2K He
small He-plant Al collar cheap two bores

Bnagnmup Wunbues — Konnangepol — KA, MapTt 2013 18



el exHojioruga YckopeHus — BY j1uHak

Cawvity Equator Magnetic Field

Cavity Iris

CI1 BY 35MB/m
Nb, 1.3 '

- Konnange W'



ILC —
MexayHapOIHbIN
JInHEHBIN

Kommanaep
= CTTBY 315 MB/m @ 2K
= ToOHHenb ANS KNUCTPOHOB
= 230MeT, 9% 3p. e+
= CBeTtumocTtb, 0.5 T3B
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CLIC module layout
drive beam 100 A, 239 ns
2.38 GeV -> 240 MeV

qUadrupole Power-

transferes);:?cct?;?: (7’%?5) . 100 MB/ M @ 3OOK
Wt " MouwmHeria yck. drvier
= 560MeT, 7% 30pcp.
= 3 TBB, 2-50/0 beam

main beam 1.2 A, 156 ns
9GeV->1.5TeV

o trahl
CLIC general layout 9
326 klystrons ) 326 klystrons
33 MW, 139 pis circumferences ' 33 MW, 139 s
. ' l l delay loop 73.0 m l I .
drive beam accelerator CR1146.1m drive beam accelerator
2.381 ' CR24383m - e :
h 1 km g b 1 km :
delay loop | > < | delay loop

@ decelerator, 24 sectors of 876 m

ﬁ y
=\ ;o
cox Y O O O e s o T T T -
YYYYY BYYYYY B BD B YYYYYEE YYYYY
45 Tt AN 2.75 km- 2.75km A 205K
e~ main linac, 12 GHz, 100 MV/m, 21.02 km P e* main linac TA vialiie = 130 1

TAr=120m
o ™ - -

48.3 km
CR combiner ring
TA turnaround
DR damping ring

PDR predamping ring l ’ booster linac, 6.14 GeV

BC bunch compressor
BC¥%
e e- e* e*
PDR DR DR PDR
398 m ) 493 m 493 mJ{398 m

BDS beam delivery system
IP  interaction point
B dump

e~ injector,
2.86 GeV

e* injector,
2.86 GeV




Comparison of Particle Colliders

To reach higher and higher collision energies, scientists have built and proposed larger and Iarger machines.
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% aciosal . MacimTa0dbl (B 1oj
= Muposown BBI1 ~65,000 B$

» Bcero Ha uccnegosaHua ~1,300 B$
> nnnm ~2% BBI

= Ha doyHAaMeHT.HayKy ~250 B$
» nnn ~18% ot HAP
* Ha on3nky yactuy ~3 B$

» ~1.2% Bcen oyHO. HayKn
He mak nnoxo onsa ~12,000 yyeHbix (?)

Bnaaumup Wunbues - Konnanaepe: - UKA, Mapt 2013
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¥ “bouaboii” Yckopurten

= [laxke B camoM bnaronony4yHom
cLieHapuu
» MexayHapoadHbI NPOEKT
> Ha 10 net 10 mapn $

»30% Bcex pecypcos (1B$/ron)

" [1py 3TOM OCHOBHLIE PAKTOPbI LIEHb
» [1nnHa ToHHens
» CTONMMOCTb ycKopuTens
» [loTpebnsiemass MOLLHOCTb

Bnaaumup Wunbues - Konnanaepsr - KK, Mapt 2013 24
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Kaxk utor - “2Kemaemoe”
Tlepeposasa ®Pn3mka”

 Physics « log(Energy)
“ 100-1000 TaB =(10-100) x BAK
“* YTOObLI paboTano (cBeTUMOCTL)

...HO "B Npegenax A0CTYMNHOroQ":

4

®

»+ <10 mnpa $
» <10 Km
* <10 MBT nyuka, ~100BT nonHou

*

»

)

L/

)

L X
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= VLHC or “pipetron”

» 233 km , >20 B$

nother “Too Big

of a Machine”
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T
'
[ TOUCKH HOBBIX
[IPUHIIMIIOB YCKOPEHUS
- C LIEJIBIO
MOATOTOBUTHCS K 3PE
“rmociie bBAKa”

+20 s1em

Bnaaumup Wunbu Aepsl - KK, Mapt 2013
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- Bomueb! B 111a3mMe

Idea- Tajima & Dawson, Phys. Rev. Lett. (1979) Plasma wave: electron | agser/beam pulse ~2/c
(b) density perturbation

/

m.co GeV P
E,=——=100[ \/n 10" cm™
€ m
BapuaHnt #1: BapuaHr #2:

Short intense e-/e+/p bunch Short intense laser pulse
10*%cm3, 100 GV/m, A,~30pm 10'7cm3, 30 GV/m, A,,~100pm
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Jlunennnin Kostauaep

Leemans & Esarey, Physics Today (March 2009)

Injector
Plasma Channel
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2 Tle pBbIe pQBXJIbTaTI)I

n ), G1<s inlets
2 oV
Focusing lens e r' \
I
/ Laser beam envelope pulse ‘"\ -\ 2
L N
Plasma channel
Laser

7 /d‘ iy R

@ - o
. S
Electrode =% '

15 » CKOPOCTb CBeTa B nna3sme <c
' > Hago MHOro cTtyneHewu yCKOpeHus
5

» CTOMMOCTb Nnasepa 3anpeaenbHasn

= Achieved ~30 GV/m (Berkeley) > YCKOpeHue e+ npobrnemaTnyiHo

> 16GeV over 3 cm with 40 TW laser » e- unu e+ HenpueMneMo MHOro
» 2 J laser > 0.03 J beam (n=1.5%) nsany4arot npu E>1-3 TaB

|
500 600

100 200 300 400

700 800 900 1000[MeV]
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4 BaEI/IaHT #3 : I1nasma Kpucraiios

E ="C% 1001 fn 0% an ]
102 cm= = 10 TV/m, A~ 1A
T980 experiment at Tevatron ®

S
_ _ 5000
« Strong inter-planar electric
fields ~10V/A=1GV/cm %4000
* Very stable, can be used for %3000 -
> deflection/bending (works) &
i © 2000 T
» focusing (works ) Q
> acceleratlon (If eXCIted) % 1000 Tevatron, HEP store #4411
p-pbar collisions, 980 GeV/beam

%000 -1800 -1600 -1400 -1200 -1000 -800

Braavmup Lnnsues - Ke Crystal Angle [urad]



#B(Bﬁymz]enue BOJIH PEHTI€HOM

L © R © T ©

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.

 MIOOHbI - MoaxoaaT
° Hy>KHbI ApPpKne MCTOYHUKUN pEeHTreHa
_ _ » No bremstrahlung, no nucl.

» now available from SASE FELs like LCLS

° N\
« Temn yckopeHua >11aB/cm o+ rad length 1079 cm

> total ener9x~10"9 GeV
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V.Shiltsev, Fermilab-Pub-2012-100 (2012)

'-n-' JIMHeHHBIN 1+ 11- Kolmanaep

1 PeV =1000 TeV

Crystal accelerator

n, ~1000
g ~100
fq, ~108

L _..1030-32

TARGET

Crystal

funnel
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# 3aKJII0uUeHHue

* MeTOa BCTpEYHBIX ITYYKOB (KOAAayigephbl) NpeKpacHO
3apeKOoMeHg0Baa ceOst 3a 50 aeT — 29 MaIMH ITOCTPOEHO,
MHOTIO OTKPBITUN CAeAaHO, AOCTUTHYTHI dDHeprun ~10 ToB

(10 000 I'2B)

* JIpuMmepHoO ¢ cepeannsnl 90-X T040B IIPOrpecc 3amMeAANACS
13-3a BCe 00AbIIEro pa3Mepa, CA0XKHOCTHU I CTOVIMOCTH
Koaaaniaepos. Passutme @OY caegyromue ~20 aeT Oyaet
onnpeaeasaTbcsa OTKpbiTHsaAMHU Ha BAK (LHC) n
ccaeAO0BaHUSIMI Ha “MaabIx” KOoaaanaepax.

* Ecam 3arasHyTb 3a 20-2e THMVI TOPUM3OHT, TO Haj0
BIIVICAaTbCsI B orpaHnydenns:  <10mapa$, <10 kv, <10MBT.

= /Jaxxe Ipu 9TUX YCAOBUSIX €CTh TeOpeTU4ecKue
BO3MOXHOCTI aocTab 100-1000 T>B

> Yckopenmne B kpucraaaax ~0.1-10 TB/m; mioossr; HeOGoabIIast CBEeTUMOCTD
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