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[1naH

[MpoBepKa KBaHTOBOW 3/1EKTPOAMHAMUKM Ha BCTPEYHBIX MyYKax.
KBapKn 1 FMIOOHbI:
= CTPYKTYpa NpPOTOHaQ;

= C,b,t-kBapku, rOOH, apoMaT, LBET, KBAHTOBAS
XpOMOAMHAMUKA.

J1enToHbI,

» OTKpbITME TAy-NENTOHA, €, [, T yHUBEPCAIILHOCTD, V., VsV
HEUTPUHO, NSMEPEHNE YNCIIA MNMOKOJIEHUN JIEMNTOHOB

BO30HbI:

= Cnabble B3anMoaenTsus, otkpbitne W 1 Z, eanHoe 31ekTpo-
cnaboe B3aMMoaencTeme.

Tabnuua dyHaaMeHTanbHbIX Yactmu. CTaHaapTHas MOAENb.
CummeTpuu,

= OTKpbITUE HecoxpaHeHus P, C, CP, T-ueTHocTeN.
byayuwime 3KCnepuMMEHTbl U BO3MOXXHbIE OTKPbITUS

= XUrcoBckum 6030H, CynepcMMMETpus ...TEMHAs! MaTepus
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Raw Asymmetry
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Heavy
~_ ] flavours !
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CP violation + 004
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The unitarity
triangle :
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General overall agreement !
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p =0.2082,,;
o +0.024

Besides slightly different theoretical inputs and different statistical treatments
Coherent picture of CP violation in the SM framework

The CKM mechanism works well... NP should appear as correction to this framework
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OpHako, HabntoaeHHoe CP-HapyLlueHue

B pacnagax K v B Me30Hax HeaoCTaTOYyHO
nnsa 0bbscHeHUss 6apMOHHOWM aCUMMETPUU
BceneHHon! (6naropaps koTopoii Mbi cywecTteyem)

JTO O[lHA U3 CaMbIX UHTPYIYOLWKUX 3aragoK npmpoabi!
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Nearest future: round beams

Status: sanyck B pa6ory 2008 HOBOCVI6M|3CK, [/|$|CD

(Ha CcTaanu 3anycka)

CMD
Cryogenic Magnetic
Detector

injection ! | SND
St u Scintillator Neutral
- .
particles Detector

Jlekumm no coBpeMEHHOM 3KCNepPUMEHTaNbHON dhu3nke
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Hosocnbupck, N9
~ (paboTaer)

3. Convertor
5. Synchrotron
(350 MeV)

| ROKK-IM | Detector KEDR




BEPCII: a high luminosity double-ring collider

(Knutan)

PAST: The BEPC was constructed (1984-1988) for both high energy physics and synchrotron
radiation research. The machine operated successfully for more than 15 years since 1989. The peak
Tuminosity was 1.2 x1031 cm-2 sFex@ IBOoraBagkieHHOI SKCrepuMeHTanbHOI pusnke

Detailed study of J//¥ and ¥’ rare decays. E?ﬂgﬁa‘”ﬁ@ﬁ 033 (c,t hadpuka) (padoraer ¢ ~2008)



SuperBelle

" Newbeam pipe
& bellows

8 GeV
Positron beam
4.1 A

3.5 GeV
Electron beam
94 A

m Damping ring
/ <

Positron source
<

Energy exchange
C-band

¢

Super B Factory at KEK

— L =4x103%/cm?/sec



(HoBocnbupck, NAD)
q Cl tau —CbaGPM Ka Charm/Tau Factory

(Tp86yeTC$| rOC.CbI/IHaHCI/I pOBaHI/Ie) (double rlng)
VEPP-4M
complex

VEPP-3

)

leN—0)
—

OBk

Synchrotron
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* BbiCOKMe aHeprmnm

LHC (pp), ILC (e+e-) ...yt ?2??



LEP highlights:
« Ultimate cyclic e+e- collider,

» “Three generation” proof !

* Detailed study of high energy
range of Standard Model.

» Strong rise of Higgs mass limit.
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Assembly welding of LHC magnets in the ti¥®  Hayano pa6oTtel 2008 .
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pp, B-Physics,

CP Violation

W’

i« General Purpose,
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_‘ZEE?‘ :
P ETH Institute for
: ¢ Particle Physics
&t

Muon Spectrometer ( [n|<2.7)
e e gjr-core toroids with muon chambers

Status of

Machine

Detectors

Startup of

Detectors

First Physics

Phys. Reach
Tracking ( |n|<2.5, B=2T)
= Si pixels and strips
* TRD (e/n separation)

T : Diameter 25m

Tartarelli <

o ?aElﬁrIEbelt_rX (Inl<5) Barrel toroid length 26 m

Haller Wil End-cap end-wall chamber span 46 m

coediis = HAD : Fe/scintillator (central), Overall waidht 2000 tons

Cu/W-Lar (fwd) 9
25.7.05 G. Dissertori - LHC expectations 7
e e e Y D YYQACTBYET B IKCM-TE

B.U.TenbHOB



s ( ETH Institute for
- - Particle Physics
3

Superconducting CALORIMETERS

I;.nmlu(nun COlI, 4 TGSla ECAL HCAL
Status of : 76k scintillating Plastic scintillator/brass

PbWO4 crystals

Machine

sandwich

Detectors
Startup of
Machine IRON YOKE
Detectors
First Physics
Phys. Reach
TRACKER
Pixels
Silicon Microstrips
o 210 m?2 of silicon sensors
o' I 9.6M channels
Varela
MUON
Total weight 12500 t S i ENDCAPS
T e e Drift Tube Resistive Plate ¢
Overall length 216 m Chambers (DT) Chambers (RPC) Cathode Strip Chambers (CSC)
' Resistive Plate Chambers (RPC)

25.7.05 G. Dissertori - LHC expectations 1
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CeuyeHne aHHHMInARLEUM e*e” B ajpOHbI,
NosIy4eEHHOE Ha KOJibLEBbIX ete  HakonuTensax

IIXHI‘

(DI(])

o(ete™ — gqqg — hadrons) [pb]

T IIIIIII| I I|IIIII| T IIIIIIII T IIIIIII| T IIIIIII| I IIIIIIII

llJHl’
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|

JIy

[I[HI‘

y(25)

T

I

{IIHI‘

1

2E
Pesonoumst B pusnkm vactuy, (KBapku, Tay-nenTtoH, Z n.t.4a.)
bonblune SHEPrMN Ha KORBLEBHERCYUROBWPERNAR M@BO3MOXHDI 13-3a
NoTepPb SHEPrUM HA CUHXPOTPOHHOE U3JTy4YeHune
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VLEPP (Novosibirsk)!
I (Published proposal 1978)
100 GeV
| km
s 9 9 | .
== =t e
E |
e o - g
jges = 5 I '-\-./':'.\'./
|
1 : r
h | ! !
e R = 'f p———— -
. - ; (pab. 1990-2000) g c
The general lay-oul of the VLEPP facility:
I —initial injector; 2—intermediate accelerator; 3—debuncher-monochroma-
lizer; 4—storage ring; 5—buncher: 6—accelerating sections; 7—RF-genera-
tors; 8—pulse deflector; 9—f ing | ; 10—collisi ints; 11— -
l:«::leier;p:‘zs:heelic:cl ‘:)rndulatg:;usllgg-l;:S:am oft\(:'qlslaonnla’;m;:iconveifieocn FEF Il S5HL F:EPEII
larget; I5—residual electron (positron) beam; I6—electron (positron) Low Enargy  SPEAR -
beam experiments; 17—the second stage. : Ring {LER} B~ Detactor
o : 2 i
Marih Damping Ring Baam {“ A\l
Switch —t End e
& i Yard
Positron II=':E1un'| Line F"Clsllr'ﬂln Source (BSY) Station A
E-gLn x.. [ESA)
9 - - B . - Final Facus ||55= SLD
- me _—-"ﬁ Tasl Beam
200 Meal — (FFTE}
injactor PER I End MLCTA
N High Energy Station B
South Damping Ring Rirg (HEAR) {ESB)
|
- 3 km -
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+

B 2004 rogy npuHATO pelieHne o0beanHNTL PaboThl Mo
nuH.konnangepam n smecto TESLA, NLC, JLC HavaTbl paboThbl
Hag

International Linear Collider (ILC)

Ha 6ase cBepxnpoBoasllen TexHonornm (kak TESLA)
Ha aHepruto 2E=500-1000 I'3B.

[ e CTpoUTb eLle He peLleHo

Jlekumm no coBpeMeHHOW 3KCrepuMeHTanbHoON (usmke
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For higher energies — possibly, CLIC.

ol CLIC Complex at 3-5 TeV

| 373 km
e |
s 13.75 km . 10 km . 13.75 km —y
ey T - = |
FROM MAIN BEAM : S
I ) Main Beams - 9 GeVic
GENERATION COMPLEX 154 bunches of 4 = 109 eta— | o |

20 ¢m between bunches

e MAIN LINAC

e~ MAIN LINAC (30 GHz -150 MV/im)  FINAL FINAL

fy FOCUS : 1

| i : /]
5 ' T T » ser 4 ([T 4 | T 4 [l 4 |

\ hrasnf—e T N—fannd
Ly C \aC - - 2]
DRIVE BEAM DECELERATOR 460 MW/m A \ N
RF power at 30 GHz BUNCH COMPRESSION

624 m
1248 m 3 m 2em

pe——— = between bunches

INIECTOR DEIVE BEAM ACCELERATOR 3m ) _
937 MHz - 1.18 GeV - 3.9 MV/m /\ COMBINER i [, [
| | : RINGS = 7/ =
DELAY 92 us
22 dnve beams of 1952 bunches at 118 GeV
182 modulators £ klystrons Charge 31 uC/beam - Energy 37 kJ / beam
S0 MW - 100 s
? HE Bm  ¥m 32 cm
e between bunches
LA Ty oy )
v v 35— Meancurrent 75 A 2us
b 1 = 64 cm between bunches 352 traing of 122 bunches at 1.18 GeV
Total energy £12 kJ

G2 s
42 944 bunches up to 16 nC/bunch at 50 MeV
Total charge 690 pC



| [1lyTU K BbICOKUM 2HEprnam

Ways to high energies:

1. Proton colliders.
Now: TEVATRON (FNAL, US), 2E =2 TeV.
Future: LHC(CERN), ~ 2007, 2FE = 14 TeV.

Far future: VLHC, 2F ~ 100 TeV
2. ete~ colliders

e Storage rings

the last (due to synch. rad.) LEP(CERN),
2F = 200 GeV, 27R = 27 km, synch. rad
power about 20 MW, AC power ~ 100 MW.

e Linear Colliders

SLC(SLAC) (1989-1999), 2FEg = 90 GeV.
The next generation of LC:

Collider Leader 2E Zero Techn.
(TeVv) Des.Rep. Des.Rep.

VLEFPF BINP 0.5 -1 terminated

NLC SLAC 0.5-1 1996

JLC KEK 0.5—-1 1997

TESLA DESY 0.5-0.8 1997 2001

CLIC CERN 0.5-5 2007

3. Muon colliders.
> 2040 7 (Snowmass 2001)

Why LC is necessary?

LHC(pp) 2E = 14 TeV 2007 (20086

LC(ete ) 2E = 0.5-1 Tev ~ 2012(~2020)

o 1. E ;¢(pp) ~ g x 2Ep E.;p(ete™) = 2E.
p = 3q + gluons

— difference in energies is not big

e 2. Historically

pp(pp) discovered c, b,t quarks, W, Z - bosons

ete discovered e-quark, T lepton, ¢ gluon.

With pp it is easier to reach higher energy

But, main results on ¢,b, W, Z,+ have been ob-
tained and the SM has been tested with a very
high precision at ete~ collidres

Because in ete~ collisions

a) simpler initial state

b) much lower backgrounds (no strong interactions)
c) much higher accuracy

LHC - search for signatures of new phenomena

LC - gives physics answer to the new phenomena

Jlekumm nNo COBPEMEHHON 3KCMEPUMEHTASTbHON (husnke
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.

Qutline of LC physics program

Origin of mass, structure of vacuum

Higgs boson, My ~ 115 — 200 GeV (LEP data

ete- - ZH, ete~ - Huvi, v = H

Measurement of H-branchings with a high acc
racy to test Ay oxcmy

ok

5M Higgs Branching Ratio

110 120 130 140 150 160
M, (GeV)

Jlekumm No cOBpEMEHHOM 3K(

dusnyeckasa nporpamma ILC

Supersymmetry
(between fermions and bosons)

e(1/2),1(1/2),...9(1/2),W(s=1)

—
€(0),#(0),...q(1/2),W(1/2)
Supersymmetry is needed to cancel divergences

in theories.

Supersymmetic particles are primary candidates
for dark matter in Universe (pgark ~ 2Pbarionic)

Expected mass spectrum of SUSY particles in
TeV region

mSUGRA GMSB AMSB

800

9:_;_ — W

T 13 Tt L

——

Gl

— ¥
[

i

600

GeV]

—_

400

m

200

All these particles can be detected and precisely
studed at LC

Great physics !

B.U.TenbHOB



Supersymmetry

After SUSY discovery at the LHC many burning questions will arise:

+ is it really SUSY? (measurement of quantum numbers)
* how is it realized? (MSSM, NMSSM, ..)

- how is it broken?

ILC will be indispensable to
answer these questions!

Make full use of the flexibility
of the machine:

- funable energy
- polarized beams

- possibly e-e- and vy collisions

10°E

10

2

| —— Neutralinos

| — Charginos —— Higgs

F—— Sleptons

T T T
Squarks SPS1a

200 500 1000 5 (3000

B 2011 r Ha LHC nocTtaBneHo orpaHnyeHne Ha Maccy CcynepcUMMMETPUYHbIX
yactuy M>700 2B, noxoxe Teopus He BepHa?!



DOTOHHbIN KONNanaep Ha 6a3e ILC

Scheme of ~~, ~ve collider

electron
bun ch

crab crossing

I . $E4EOMON15_3|:EO:| |:wo:|
TeV] eV

Eg =250 GeV, wg=1.17eV (A=1.06 pum) = z=4.5and

wn = 0.82 Fy = 205 GeV

i)
AN,

Electron to Photon
Conversion

Spectrum of the Compton scattered photons

1

_1 doc .:

g | Ocdy X=4.8 i

h

M

5 !

2A P i

a |1 ::

4 b| O H

el 1 o
3
2
1
0

o 01 0.2 0.3 04 05 06 0.7 0.8 0.8
}’=wa0

Ae — electron longitudinal polarization
P. — helicity of laser photons

Jlekumm no coBpeMeHHOW 3KCrepuMeHTanbHoON (usmke

B.U.TenbHOB



Higgs boson
AVaVaVaV

AVAVAVAW,

Cross sections of the Higgs boson production in
vy and eTe™ collisions

e __  Teta(3o0) — zH
.

J'||:|_.I -n.,.,._g'e':::.[flm:l — Hyw ‘H"'-.,‘
_______________ _‘:J"""-ﬂa.- - _&8 [E_Dl‘:r} — 7H
e T *0(300) —+ Haw "1‘ T, — B
""'r..\,_-".l '|II ""‘*n"w
0 2L ‘-‘.."“-. . 1
100 120 140 16¢ 180 200 220 240
M, , GeV¥

dLa-rwr-ﬂ»’fh 471'2 rT—} (1 —|— "}"1 "}"E)

= L., xcff
AW, Loy M B

_E"I.-T,.:r,.} _p = L"I“‘r b



OTHOCUTESbHbIE CeYyeHuns POXAEHUA 3aPAXKEHHDbIX

4acTuy B e*e U YY-CTONKHOBEHMSIX
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oo 8 [foo poww
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25 ¢ 10 pibunch
30 GaV, 16 Hz
4 burches

Tx10'2 pibunch
150 Mel
ey = 1072 m-rad

3 %10 pibuach
20 Mey
ey =4 0107 m-rad

25 %1017 pl:unc.h

250 Gy

231002 'bunch

2Te‘d'
ey =5% 10" m-rad

MIOOHHBLIN Konnangep
(2E=0.1-10 TaB)

PROTON SOURCE

_ 19
.5 = 1077
protons'year

TARGET, high Z liquid
CAPTURE SOLENDID, 20T
PHASE ROTATION,

30-80 MHz, 65T

| PRODUCTION

*POLARIZATION & P SELECTION
Snake + Gollimatar

Li ABSORBER
IONIZATION COOLING

WEDGE 20 Stages Y
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TOTAL 4 Gev. 903 m _ 1

L5« 107

MLns yedr

LINACS + RECIRCULATION
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2077
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Channel
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100 MeVic
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* KBapknu
Macca, O 3apsng bap. Apomar
Tun MbsB 3apsl
u 2-3 +2/3, 1/3 -
d 4-6 -1/3 1/3 —
S 100 -1/3 1/3 strange
C 1 300 +2/3 1/3 charm
b 4 200 -1/3 1/3 beauty
t 171 000 +2/3 1/3 truth

Nexkuumn

Mo COBPEMEHHOM 3KCrepPUMEHTaNIbHON ur3nke

B.N.TenbHOB



JlenToHEBI

Macca, onektp. Jlenr.
Tvn

MaB 3apaa 4yncno
e 0.51 1 L.=1
L 106.6 1 L=1
T 1777 1 L=1
Ve, <10 0 L.=1
v, <0.19 0 L=1
% <18 0 L =1

Jlekumm no coBpeMEHHOM 3KCNepPUMEHTaNbHON dhu3nke
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Maccbl PepMUOHOB

de se pe

u-e CcC©® 1@
Vl'_.'i.VZ.VE} e e u,. T®
Lcvvout ovvont covoml covvnnd el o ot co v vovmed ool el ool ool oo oot ool o
@ o < @ o (@) (@)

(NP0 HEWTPUHO CM. OTAENbHYIO NEKUMIO)
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* KannOpoBouHbIC 0030HEI

Tun Macca, Onekr. ChnuH Ilepen.
M5B 3aps B3aUMO/I.

Y 0 0 1 JneKTpomar

TJIFOOHBI 0 0 1 CunbHoe

W+ 80000 +1 1 Cnaboe

7 91000 0 1 Cnaboe

rpasuton 0 0 2 [paBuTaLl.

Jlekumm no coBpeMEHHOM 3KCNepPUMEHTaNbHON dhu3nke
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bo30H Xurrca
In July 2012 two detectors ATLAS and CMS working at LHC have

ounced the discovery of the particle with the mass M~125.9 GeV
W roperties very similar to the predicted Higgs boson.

l'_.l H
10°E ———T—TTg s T Gluon-Fusion '
— = 3k M: . T Loop — Top coupling
= = \s=8TeV . g t (@9 — ) BSM contribution ?
Z;E L . g q
k. 105— EL \\i/,ff’ VBF Tree level W(/Z) V coupling
$ = ] W,z (qq H)
a - i vH
W, 27
T e 3 -
= ] g TR~
1 B ] 2 MLT‘:{_%— ot HH Tree level top coupling
107 E AL -
= - t
. S A
10—25_ . | 1 I 1 T N g W.Z L iif_ TTEEIEV‘EIWCD’UP“ﬂg
80 100 200 300 400 100 > ..... .
M, [GeV] q’ N H -
A “H Tree level Z coupling

The LHC is a Higgs Factory !
1M Higgs already produced — more than most other Higgs factory projects.
But much less detected due to serious backgrounds, this was sufficient only for

discovery Jlekumm no coBpeMEHHOM 3KCNepPUMEHTaNbHON dhu3nke
B.N.TenbHOB



Situation today (cont)

We are here (or thereabout): =125 GeV]
1 — 1 I T T = i L Decay BR [%] UnC. [%]
g 'F bb
£ f 15 bb 57.9
8 | 18 5 ar 6.4 6.
= ¢
é 10_1 - CcC 2.8 12.
o . L 0.022
[72] ]
> . WW 21.6
I -
102 a gg 8.2 10.
: E 2z 2.6 4,
:/ N ry 0.27
1 Zr 0.16 9.
10° =300 7200 140 160 180 . 200
M, [GeV] [y [MeV] 4.0 4.

Note: The LHC is a Higgs Factory !

+ Total cross section at 8 TeV : 22 pb
e 1M Higgs already produced — more than most other Higgs factory projects.
e 15 Higgs bosons / mmute and more to come.

IV SN I I N I T I 1 M I T M BT
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The situation today

Decays to ZZ, yy, WW, tt and bb; Properties very much like those of a SM Higgs boson;

\s=7TeV,L= 51f' \s=8TeV,L=12.21fb"

_ I [ I I I [ I
CMS Prellmlnalry m, = 125.8 GeV ATLAS Prellmlnal’y E m, = 126 GeV
1 H

W,ZH — bb
\s=7TeV: [Lat=4.7b"
=8TeV: [Ldt=13f"

H — bb
H— 1t

\s=7TeV: [Ldt=461" P
\s=aTev:de|=_13fb" :

H—>wWwW" - wiv

\s=8TeV: [Ldt=13 " _._._

H— 1t

" H—

H - YY \s=7Tex:Ydel=44be'
Vs=8TeV: [Ldt=591"
H—zz" - 4

\s=7TeV: [Ldt=4.81b" S S—
\s=8TeV: [Ldt=5.81b" :

H— WW

Combined u=13+0.3 :
\s=7TeV: [Ldt=4.6-481" —e—
\s=8TeV: [Ldt=58-13 1" :

15 2 25 10  +1
Best fit /o,
Signal strength ()

H— ZZ

B nocneaytowme roabl Ha LHC 6yaet HabpaHo B AecsaTku pa3 6onblue
XUrrcos, HO Ans bonee AeTanbHOro UX N3y4eHust C TOYHOCTSAMK nydwe 1%
HY>XHbl crieyuarnbHble XUrrcoBckne habpuku (e+e-, yy, H+u-)

Jlekumm no coBpeMeHHOW 3KCrepuMeHTanbHoON (usmke
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Mass [MeV/c?]

Exotic multi-quark particles found at the LHC

Conventional hadrons

Exotic hadrons
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LHC plans

LHC / HL-LHC Plan

L~7x1033

Pile-up~20-35

7Tev 8TeV_ |

Lo Po |

T5%
nomimnal
I vorsily

S0 B |

splice consolidation
button collimators
RIE project

nominal lumenosity

experiment beam piges

o

S B |

LHC
L=1.6x10%* L=2-3x10%
Pile-up~30-45 =
B 14 TeV | Pile-up~50-80
13-14 TeV I
BPS c:;j; L=5XI034 cryalimit
ce J Pile-up~130-200 ingarecton

experiment upgrade [F———

r'/f___
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Sitluation in 2022 and with lum. upgrade (2035)

1 The approved LHC programme will be completed
¢+ With300fb '@ 13 TeV, CMS and ATLAS will measure five production modes
o gg—H WH, ZH

Q ;
\ _._H
wz (L
. gbar

e ... andsix decay modes Yy, ZZ, WW, tt, bb, pu

Approved LHC 300 fb™' at 14 TeV: HL-LHC 3000 fb" at 14 TeV:
sHiggs mass at 100 MeV Higgs mass at 50 MeV
=Disentangle Spin 0 vs Spin 2 and More precise studies of Higgs CP sector

main CP component in ZZ*
=Coupling rel. precision/Exper.
= Z,W, b, t 10-15%
= t,m 3-2 s observation
- gg and gg 9-11%

Couplings rel. precision/Exper.
Z,W,b,t,t,n 2-10%
vy and gg 2-5%
H->HH >3 o observation (2 Exper.)

LHC can’t measure Br(cc, invisible) and ['.

Jlekumu no cospe enndit 3KCnepuMeHTanbHoM pusmke
B.U.TenbHOB 66



Precision needed after LHC

a2 New physics affects the Higgs couplings
« SUsy 2 _ dwr g0 (1 Tev)2 ,fortanf =5

ghSMbb ghSMTT ma

5 o g 1 TeV)?
+ Composite Higgs -~ ~ 2 ~ 1—3%( - )

Ghsmff JhsmVV f
1 TeV? 1 TeV?
o Toppartners 29 ~ 1+2.9%( ° ) , M:l—o.s%( - )
hsmag mr Ghsmyy mr

+ Other models may give up to 5% deviations with respect to the Standard Model

For observation (and some study) of new physics beyond
standard Higgs one need precision better than 1%!

Jlekumm no coBpeMeHHOW 3KCrepuMeHTanbHoON (usmke 67
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Colliders for precision Higgs study

e+e- linear colldiders
e+e- circular colliders
Photon colliders

Muon collders



Higgs physics in e+e- collisions

P(¢, €")=(-0.8, 0.3), M =125 GeV

400 e =y L L SR .
[ I I I —sSMallffn ] =, - % 1

oY = ] 10° 0 3
@300 B —WW fusion é F /""jf,,/——-— =
—ZZ fusi - 1

5 usion T 105_ b

S200f 1 s, -

n 9’ 1 | -

) © E 3

S ;

(3100_ 10‘1|§— / ;
O- el PP IPETE TR | | '....: 10-2-1 I- e a1 3 ¢ 3 3 1 5 5 g I-
200 250 300 350 400 450 500 0 1000 2000 3000

\'s (GeV) /s [GeV]

Tagging Z in e+e-—ZH one can measure all Br(H), even invisible decays width.
One can measure the Higgs total width:
I'(H) ~ o(ete—ZH)/Br(H—Z2) and (H) ~ o(WW—-H)/Br(H->WW)

At linear colliders L ~ 1034, N, ~ 20000/year or 10° for life of the experiment;
At circular collider with C~100.km), and seyeral IP one can have Ny~10°.

B.N.TenbHOB



Higgs physics at muon collider

Reqonance H production:
o(ptu—H)=40000 o(efe- —H)=70 pb

The Higgs width is about 4 MeV, the
muon collider with dE/E=0.003% can
measure the Higgs width directly with an
accuracy 5% (comparable that in e+e-).

The Higgs mass can be measured with
an accuracy 0.1 MeV, 100 times better than

in e+e-,

Coupling H—pu*u* can be measured with
1.5% accuracy.

707\“““““““““‘

60 -

Teir(s) (pb)

10

e —h

°
n
s

Breit—Wigner
i iT,=421MeV

)\ R=0.003 %

L »

r

L 2/

- R=0.01% ,*" )¢
L ’, *

- 4o’

~,
- So
——— S,

12

0

59812599 126 126.01126.0
Vs (GeV)

59712

The number of Higgs boson is about 2500/year at expected L~1031
(small L due to transverse-longitudinal emittance exchange for obtaining a

high monochromaticity).

JNlekuunn no COBpeMeHHOVI 3KCHepMMEHTaﬂbHOVI d)VIBMKe
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Higgs study at photon colliders (yy, ye) @

A
elect n \as®
unc
P

Ey~Eg
b
AVaVaVIV R

I', is determited by contributions of all charge particles (even with
M>2E,), therefore this process is most sensitive to new physics!

In yy collisions the I'(H—yy) width can be measured with statistics
= 90 times higher than in e+e- collisions. This is the most important

argument for the photon collider .
However, e+e- beams are much better for Higgs study (due to Z

tagging). Therefore PLC has sense only in combination with e+e-:
parallel work or second stage.

Jlekumm no coBpeMEHHOM 3KCNepPUMEHTaNbHON dhu3nke
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ILC TDR
6.2013

Damping Rings

n Linac (RTML)

(including
bunch compressors)

ILC Schems | © www Scem-one da

L=31 km
2E=500 GeV

ILC TDR Layout

Polarised electron
source o
e+ Main Linac

Value
C.M. Energy 500 GeV
Peak luminosity 1.8 x103* cm2s?
Beam Rep. rate 5 Hz
Pulse duration 0.73 ms

Average current 5.8 mA (in pulse)

E gradient in SCRF
acc. cavity

31.5 MV/m +/-20%
Q, = 1E10

Nekuum no cospeMzEﬁzéQMMO%Me upg radable to 1000 GeV

B.U.TenbHOB



2 Detector Concepts:Detailed Baseline Design
SID |

* Large R with TPC tracker * High B with Si strip tracker
— 32 countries, — 18 countries,
— 151 institutions, — 77 institutions,
— ~700 members — ~240 members

— B=3.5T, TPC + Si trackers — B=5T, Si only tracker

— ECal: R=1.8m — ECal:R=1.27m

Jlekumm nNo COBPEMEHHON 3KCMEPUMEHTASTbHON (husnke
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[LC Site Candidate I ocation in Japan: Kitakami Area

Establish a site-specific Civil I:n gineering Design - map the {S‘Lte mdependent} TDR _
baseline onto the prefen‘ed site - 1';-1|mmg “Ki takarm as a primary candi datp |

/ x_v\f' 11::?5_ WS T re o, %

a L RSN i
. ' jr : Proposed by ]'H EP mnmmmty
— 41 " Endorsed by LCC

s = Not }et :iemded bv]apanese Go'uem.ment !

WiEs

Japan is interested to host AR
-decision ~2018
-construction ~2019 (~10 years) lswisy = [ o G5 S
-physics ~2030 o W e

e R =], | f L -IP' { Linac orientation and length
il _..('“--»1-_._-..- Sl :'c.-ls-w-—x.;:\m:m;--,.:;_4"-“{:5‘_,_: e e & %ﬁ -Access points and IR infrastructure

0t =+ i -Conventional Facilities and Siting, (€FS)

preparation 250GeV = 70:¢V 500G6eV High Luminosity
> ——-->

2018 2028 2034 2040
construction 1TeV =2 several TeV, upgrade

------>---------------
preparation  construction, operation, upgrade * * *
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Known physics, ILC stages

2E=250 GeV Higgs boson

350
500

500 and higher
coupling
1000 and higher

top quark
/ZHH —Higgs self coupling
ttH - top Yukawa

Beyond



Kick-off meeting 12-15 Feb. 2014
o FCC project (CERN)

FCC-hh hadron collider with
100TeV proton cms energy

~16 T = 100 TeV pp in 100 km
~20 T =100 TeV ppin 80 km

FCC-ee a lepton collider as a
potential intermediate step
FCC-eh lepton hadron option
International collaboration
Site studies for Geneva area

CDR for EU strategy update
in 2018

J1EKLMN NO COBPEMEHHOW 3KCMNEPUMEHTANIbHOWN (PU3NKE
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tentative time line and milestones
F. Zimmermann, IPAC14

1990 2000 2010 2020 2030 2040

Design, .
LHC R&D Proto. Constr. Physics

Continued physics
Feciony program
R&D

ee .
Design, .

HL-LHC Constr. Physics




Y FCC-hh baseline parameters ((t - x))

NS
- HL-LHC | FCC-hh

c.m. energy [TeV]

dipole magnet field [T] 8.33 16 (20)
circumference [km] 36.7 100 (83)
luminosity [103* cm2s!] il 5 5[=>207]
bunch spacing [ns] 25 25 {5}
events / bunch crossing 27 135 170 {34}
bunch population [1011] 1.15 2.2 1{0.2}
norm. transverse emitt. [um] 3.75 2.5 2.2 {0.44}
IP beta-function [m] 0.55 0.15 1.1

IP beam size [um] 16.7 7.1 6.8 {3}
synchrotron rad. [W/m/aperture] 0.17 0.33 28 (44)
critical energy [keV] 0.044 4.3 (5.5)
total syn.rad. power [MW] 0.0072 0.0146 4.8 (5.8)
longitudinal damping time [h] 12.9 0.54 (0.32)

Ph. Lebrun FCC-ee Workshop Paris Oct 2014 4



Ph. Lebrun

FCC-ee baseline parameters

parameter

Ebeam [GEV]
circumference [km]

current [mA]

Psg.ot [MW]

no. bunches

Ny [10™]

&x [nm]

gy [pm]

P [m]

B*y [mm]

c”y [nm]

Czsr [MmM]

Gz 1ot [MM] (W beamstr.)
hourglass factor F,,

L/IP[10%* cm2s1]

Theam [ITI iﬂ]

LEP2

104
26.7
3.0
22
4
4.2
22
250
1.2
a0
3500
1.5
11.5
0.99
0.01
434

Z
45
100

1450

100

16700

1.8
29
60
0.5
1
250
1.64
2.56
0.64
28
298

((FoD)

FCC-ee

Z (c.w.) w H t
45 80 120 175
100 100 100 100
1431 152 30 6.6
100 100 100 100
29791 4490 1360 08
1.0 0.7 0.46 1.4

0.14 3.3 0.94 2

1 1 2 2
0.5 0.5 0.5 1.0

1 1 1 1
32 84 44 45
2.7 1.01 0.81 1.16
5.9 1.49 ik g 1.49
0.94 0.79 0.80 0.73
212 12 3 1.7
39 \ 73 29 21

10°Z per sec 6

FCC-ee Workshop Paris Oct 2014
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Luminosity [10** cm2s1]
=
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' ~uFCC-ee (Crab Waist)

- G (Lumi Upgrade)
T Lt vinis
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.. Dashed lines © Possible energy and luminosity upgrades

0 1000

Vs [GeV

2000
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CEPC-SPPC (Kutan)

is an eV Circular Electron Positron Collider, proposed to carry out hig
CEPC is an 240 GeV Circular El Positron Collid d high
precision study on Higgs bosons, which can be upgraded to a 70 TeV or higher pp

collider SppC, to study the new physics beyond the Standard Model.

"

e

et IP1

SppC HE Booster

Jere Linac
SppC % 4 Proton Linac

SppC LE Booster

1P4 1Pz

50 km in circumference

SppC Collider Ring

21



CepC/SppC study (CAS-IHEP), CepC CDR end
of 2014 e*e' coII|S|ons ~2028 pp colhsmns ~2042

« easy access
* 300 km from Beijing
3h by car
1 h by train
“Chinese Toscana’

013 DigitalGlobe
L. 5 Navy, NGA, GEBCO




CEPC-SppC Project Timeline (dream)

CEPC

(o] o (7o) o N
- N N [xr] ™
o o o o o
N N N N N‘
1 R&D =
Pre-studies Construction

Engineering Design

(2013-2415) (2016-2020)

(2021-2027)

1st Milestone: pre-CDR (by the end of 2014) — R&D funding request to Chinese government in 2015
(China’s 13t Five-Year Plan 2016-2020)

SppC

2020
2030
2040

R&D Engineering Design Construction
(2014-2030) (2030-2035) (2035-2042)

Jlekummn No COBPEMEHHON 3KCMEPUMEHTASIbHON (hUsnke
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[pyrvne KpynHenwme oTKpbITUS NOCNeaHnX net

B 1995-2002 - OTKpbITUE HEUTPUHHBIX OCLIMINSALINMA
(B3aMMonpeBpalleHnit), HanaeHbl HeJoCTaloLWKNE CONMHEYHbIE
HEUTPUHO, HEUTPUHO UMEIOT Maccbl 1 60/bLIOE  KB. MEX.

CMeLLMBaHME - BbIXOA 3a paMkm CtaHaapTHou Moaenu
(CM. OTAENbHYIO NEKLUUNIO NPO HEUTPUHBIE NCCNENOBAHNS)

1998- OTKpbITME YCKOPEHME PACLUMPEHNS BCENEHHOM
(BMeCTO OXKMAAeMoro 3amMeaseHus).

BO3MOXXHO 3TO ABNSETCA CBUAETENbCTBOM Hanyms

SHEeprun u AaBfeHns BakyyMa — BbIX0[ 3@ paMKu

COBPEMEHHOWN KOHLEMUMN Mnpo3aaHuns. N3mepaHa KpuBU3Ha

n (NpuMepHbIN) cocTaB BceneHHom:
(cM. nekuunto AcToumsnyeckme nccreaoBaHns)

Jlekumm nNo COBPEMEHHON 3KCMEPUMEHTASTbHON (husnke
B.U.TenbHOB



[lpnpoaa 6pocmna BbLI3OB

PU3nKaMm!
Ob6blyHas MaTepus 5%
TeMHas MaTepus 25%
(HeEn3BeCTHOW NPUPOAbI)
TeMHas sHeprus /0%

(BbI3blBalOLLIAA @aHTUIPaBUTaLNIO B
KOCMOJIOrmyeckux macwtabax)

Jlekumm no coBpeMeHHOW 3KCrepuMeHTanbHoON (usmke
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What is the right description
of gravity, and where doe
it become relevant for
particle physics?

Explain the masses of
the p and e, and the
relative strengths of

the fundamental forces

Are there extra
dimensions? What is
the structure of
spacetime?

~ Flavor puzzies:
Can we understand the
- masses and mixing of
fermions? Where does
CP violation come from?

Do we understand the
structure and fate
of the universe?

Can we explain the universe
Is it matter dominated?
“4] Cosmological constant?

| factories

2 Muon
VLHC collider

100 TeV
PP

0.5-1.0TeV ©
ete”
collider

Neutrino
factory

High-
luminosity
Z factory

B! Ki T!
charm

Tevatron
5 2TeV |
| pp collider |

Particle .
astrophysics




