HUNGE MY
27 anpensa 2010

PyHaameHTasibHere Yacruuysr v
Bsaumoungevicresus

M. B. LlarHmrio8

HHCTUTYT TEeopeTUYECKOU U IKCrepUMeHTASTbHOU
PUINKU



MATEPUS (1932)

3NeKTpOoH

Cunel

DNeKTPOMArHUTHbIe - yAepXUBALOT € B aTOMAax

CusnbHbIe - yAepXuBAOT MPOTOHLI U HEUTPOHLL B SApPAX

Cnabsze -n—p +e TV, - 6eta pacnaa
(HEUTPUHO npuaymaiu B. Ilayan

IJIsl 00bSICHEHHSI CIIEKTPA 3JIEKTPOHOB)

I"'pasuTaALMOHHEIE - MHOrO cnabee



AHTUMATEPHS (1932)

* YpaeHeHue [upaka (1928)

- 3aMeuaTeslIbHO ONUCLIBAET NOBeAeHUe 3M1eKTPOHOB B
aTome,

HO UMeeT pellieHUs C OTpuLaTesibLHOU 3Heprueu
» Oupak (1930) - 310 NpoToH

(ANa NONOXUTeNbHO 3apaXeHHOU YacTULbL pelleHUs
byayT UMeTb NONOXUTENbHYH 3Hepruro)

* OneHreumep n Tamm (1930) - He roamTcs.

CRULLKOM BeSIMKA PasHULIG MacC € U P
. [upax (1931) -

3HAQYUT eCTb HOBbIE YACTULLL TOXKAECTBEHHbIE
3N1eKTPOHAM, HO UmeroLme NPOTUBOMNOIOXHBIN
3apaf, - GHTU3eKTPOHbLI PeBONFOLUMOHHAS naes T.K.
HUKAKUX NPU3HAKOB GHTUMATEPUU BOKPYF HAC

- TTaynu(1932) - 31a upesa He cepbesHa




B.TTaynu (1932)

Neuerdings versuchte Dirac deshalb den bereits von Oppenheimer
diskutierten Auswelg, die Locher mit Antielektronen, Teilchen der
Ladung +e und der Elektronenmasse, zu indentifizieren. Ebenso miiite es
dann neben den Protonen noch Antiprotonen geben. Dgs tatsdchliche
Fehlen solcher Teilchen wird dann auf einen speziellen Anfangszustand
zuriickgefiihrt, bei dem eben nur die eine Teilchensorte vorhanden ist.
Dies_erscheint schon deshalb unbefriedigend, weil die Naturgesetze in
dieser Theorie in bezug auf Elektronen und Antielekironen exakt
symmetrisch sind. Sodanh mufiten jedoch (um die Erhaltungssatze von
Energie und Impuls zu befriedigen mindestens zwei) y-Strahl-Protonen
sich von selbst in ein Elektron und ein Antielektron umsetzen konnen.
Wir glauben also nicht, da dieser Ausweg ernstlich in Betracht gezogen
werden kann.,

Eine andere Modifikation der Theorie wurde von SCHRODINGER!
versucht. Er schldgt vor, die Differenz...

B atom xe 1932 roay AHAepcOH OTKpLIN QHTUINEKTPOH e+

= Bceobwaa sepa B UAEHTUYHOCTb 3AKOHOB (PU3UKU ANS
Matepum U aHTUMmatepum - 3apaposas cummetpusa (C).



AHTUMATEPHS (1956-67)

JIIu u Gur (1956) - sepkanbHas cummeTpus HapylueHa B cnabbrx
B3aumopeiicteuax (P)

Noppe, OkyHb, Pyauk (1956) - ecnm P to u &

By u ap. (1957) - P

CaepuH, JleaepmaH,BatHpuy, SpuamaH, Tenerau (1957) - £

NaHaay (1956) - coxpaHserca CP,
T.e. OAHOBpeMeHHOe U3MeHeHUWe 3apsfaoB U OTpaxeHue B 3epkane.
TTepexon ot matepuu Kk aHTUmatepum 310 CP-npeobpasosaHue.
CHOBa He MOXeM CKa3aTb MOXHO NIU NOXATb PyKy noanetarolemy
UHONNAHeTaHUHY (BApyr OH U3 aHTumatepuuml)

KpoHuH u 8uty (1964) - b (~0.1%)

Caxapos (1967) - ZP Heob6xoaMMO ANA AOMUHUPOBAHUA MATepUU BO

BceneHHoM, T.e. ana Hawero cylyecTBoOBaHUs!




MATEPHS (50e - 60e)

Hecatku «anemeHTapHLIX>» YacTUl OTKpbITO B 50e - 60e roabr

BonbWUHCTBO U3 HUX aApPOHLT -
Tak J1.OKyHb Ha3Ban CUNbLHO B3AGUMOAEUCTBYHOLLUE YaCTULILT

6apuoHsr (cnuH nonyuensiv (pepmuoHer)): p, N,...(bapuoHHbIX 3apaa=1)
me3oHbr (cnuH uenbiv (6030HbI)): T , T, p T, ..

Fenn-MaHH, Liseur (1964)
Bce appoHLr coctoar us tpex ksapkoe (6apuoHbL)

n = udd p = uud
WU KBAPKA - GHTUKBApKA (Me30HLI)
n* =ud n = ud

Keapku umerot cnux s=1/,,
Apob6HbIe 3nekTpuyeckun U 6apUOHHLIU 3apaabT:

qu=+%/3q." qq=-'/39.;* B=1/3  uTpu userq,

LiseT 3TO aHanNOr anekTpu4eckoro 3apsaa AnNs CUNbLHOrO B3AUMOAEUCTBUSA
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KoHgauHMmeHT - HesblneTaHWe KBapKos

g C pOCTOM PACCTOSHUS Mexay
- KBAPKGMU 3Heprusa CTpyHbI

u d rNHOOHOB pacteT

g 9 DHepreTUYeCKU BLIFOAHEEe POAUTH
O@Q O @ — napy g v pasopsars crpyry
u d d d

BmecTto ceoboaHLIX KBAPKOB NpU HATAXKEHUU
rAFOOHHOU CTpYHbLI BO3HUKGET NyYOK 4actul



YUncneHHble pacyeTbl pa3pbiBa rMOOHHON CTPYHbI Ha
KPpynHeMUWwunx cynepkoMnbroTepax Bkrnro4vasas Poccnmnckmumn

(DESY-ITEP-Kanazawa Collaboration)

Cuia npurss;keHuss KBapkoB — 12 TOHH!



PaccesiHue aneKkTpoHa Ha KBapke

Hi FERun 122145 Event 63506 Date 15/04/1995
Transverse
view
Q7 = 265080 GeV3, y= 0.58, M = 211 GeV : (R-Phi)
X
S ] B fGeV
l 1 it ot OHeprun B
. ’ / KarnopumeTpe
I
= ]
Side view
(R-z)

KBapk “HabntogaeTca’” Kak ny4oK yacTtuy



YcranoBka caeinanHoro B U'TO® kanopumerpa B aerekrop H1
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TTOKOJNEHNA KBAPKOB N NETTTOHOB

Bce, uto Hac okpyxaet coctout U3 2 keapkos u,d , € u v,
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K T JIeNTOHbI

Keapku

Q—

TTpupoaa cospnana ewe asa Habopa (nokoneHus)
KBAPKOB U NenTOHOB

Maccbl U KOHCTAHTBI CBA3U KBAPKOB CUJIBHO Pa3finuiaroTcs

Tperne nokoJieHue cBsA3aHO cjiabee CO BTOPBIM Ye€M BTOPOE C MEPBBIM

ToerThe ¢ MenBLIM eIle cjiagoee



B skcnepumente ARGUS o0OHapyxeHa CBSI3b KBApPKOB
TPEeThero U MepBoro MOKOJeHUU




MHOI'O BOTTPOCOB:
[Toyemy maccer KBapKos Tak pasimyqyarorca?

m,~2 M3B my~5 MaB
m.~1250 MaB m.~100 MaB
m,~175000 MaB m,~4200 MsB

OTKyAa BOSHUKAET UepapXus KOHCTAHT cBA3EN ?

vudzvcszvtbz 1 Vuszvcdz(l2 VbczvfszO'O4
Vub zOS V,,d = 0.004
3avyem HyxHeI TP riokosieHns?!

Kobasawm-Mackaga (1973) - ana HapylweHus
CUMMETPUU Mex Ay maTepuen U aHTUmaTepuen

Javyem HyXHO 3TO HapyleHue? -
A.Caxapoe - ana 6apuoHHoOU acummeTpum BeceneHHou




Cnaup 14

o1 Olga; 11.10.2006



KOHCTAaHTBI CBA3H KBAPKOB 00pa3yl0T TPEYIroJbHUK HA KOMJIEKCHOM
IJIOCKOCTH

o Vitd
Vub

4 B
VoV

us bc

YT1JIbI 3TOT0 TPEYroJIbHUKA ONPeAeJasI0T pa3jiuyue

B pacdimajgax yacTua 1 aHTHIacTuIl

C(6)(B°—J/¥ K°) - [(t)( B°— J/¥ K°)

— ~ sin2p - sin AM't
I(t)(B°—J/'¥ K°s) + T'(t)( B°— J/¥ K°)

KobOasiuu 1 MackaBa npeajiokuid CBOK TEOPHUIO,
KOI'JIa Tpepbe MOKOJIeHHE elle He ObLJI0 OTKPHITO!
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UT as a standard approach to test the consistency of SM

Mean values of angles and sides of UT are
consistent with SM predictions

Accuracy of sides is limited by theory:1 s

- Extraction of |Vub|
B, f3.

- Lattice calculation of &% = =
Bg, f3,

=

Accuracy of angles is limited
by experiment:

o=+ 13°
p=21°
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M. Kobayashi, T.Maskawa, 1974: theoretical
mechanism for CP-violation in the SM

HobeneBckasa npemusa 2008
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M (y(2S)n), (GeV?)

14_\\\\

K690 | M2Kn), (Gev?) |

Fit: S-wave BW
+ phase space like func

M = (4433+4+2) MeV
= (45+18_13+30_13) MeV

BF./BF,=1.00.4

Events/0.01 GeV/c?

7.(4430)" first charged
charmonium like state

Cannot be conventional charmonium or hybrid

"I K*(1430) PRL 100, 142001 (2008)
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B — KZ, 7(4430)" — nty(2S)
K=K-,K' ; y(2S) —»€€, ntn-J/y

Interpretations:
S —wave D*D, threshold effect

| J.L.Rosner ; D.V.Bugg

| D*D, molecular state

| Meng C. et al; X.Lui et al.;

| Lee S.H. et al

| radially excited tetraquark

| L.Maiani, A.D.Polosa, V.Riquer
| baryonium state

‘. C.F.Qiao

28 4.05 43 455 ss hadro-charmonium

M(my(2S))

BF(B—KZ)xBF(Z—w(2S)r) = (4.121.0£1.3) 105

ICHEP2008

Galina Pakhlova, ITEP

S.Dubinskiy,M.B.Voloshin
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TEMHAS MATEPHS

ACTPOPU3UKM nokasanu uyto 6onee 80% matepum
BO BceneHHou umeeT HeussecTHyrO npupoay!

TTepsble ykasaHus nonydeHsr 8 1933 r. (Zwicky)

CsuaeTenbCTBA CYLIECTBOBAHUA TEMHOU MaTepum

CkopocTu 3Be3s, 06nakos rasa He 3asucat ot R ao R
BO MHOIO pas 605blWNX BUAMMBIX PA3MepPOB MaNaKTUK

CornacHo 3akoHam HbHOTOHa
Vo~ MrR)/R  Vi=const = M(r<R) ~ R =
EcTb Hesuaumas - «TemHas matepus»,
TaM rAe yXe HeT 3Be3f
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Velocity in the galactic plane, km/s
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KpMBbIe BPpalleHMA Pa3fINdHbIX NAaNnakTrmk
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TemHon MaTtepun O4Y€Hb MHOro B CKOMMEHUAX ranakTuk!

pasuTauusa aeuncteyet \p\\bh

! giant arcs

multiple images _ - g
I e
47, \

Lens ! kY

Ha CBeT KaK JIMH3a

Observer

Arclets
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/
\t 4 \
?
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4

IIpoduiab MIIOTHOCTH MaTepUH
B ckonjieHMH raJlakTuk, \
BOCCTAHOBJIEHHBI MO N

I'PABUTAIIMOHHOMY JIMH3UPOBAHHUIO

One usually distir | =T \\ N

® Strong Lensing w
multiple images.

HeobxoanMmMo KonNMMYecTBO rpaBrNTUPYHOLLIEH MaTepumn B ~1(
pa3 npeBbilarLliee KonmiecTso suammon!



KaHaupater ana TemHou Matepuu

O6cyxaanocb MHOro KaHauaatos Ana TM:

HeutpuHo
MoHononu

YepHbIe AbIpbl
AKCUOHbLI
3epKasibHas maTtepus

Haubonee camocornacosaHHbIM KAHAUAAGTOM ABNSAETCA
WIMP - Weakly Interacting Massive Particle



CynepcummeTtpuyHaa XonogHasa TemHasa Martepusa?

Teopua Cynepcummetpumn (SUSY) (Mlonbdana v Nluxrman (1971))

¢GepMuOHBI <+——  003e-ABOWHUKH

0030HbI «» (hepMHU-IBOIHUKH
IIEKTPOH CIEKTPOH
KBapK CKBapK

¢oTon ¢GoTuHO
HeHTPUHO CHEUTPHHO
rPaBUTOH rPAaBUTHHO

Yactuya TM He pomkHa y4yacTBOBaTb B CUIIbHOM U
3NEeKTPOMarHUTHOM B3aMMOAEUCTBUAX, TONLKO B criabom u
rpaBUTAaULMOHHOM: WIMP - (Weakly Interacting Massive Particle)

Heiitpanuno y asnsetca Hauwbonee
obocHoBaHHLIM kaHauaatom 8 WIMP



Pernctpauuna WIMPa

MuieHsb (BelecTBo AeTeKL0pa)

B K3BHOM 00J1acTH

Anpo MoxeT perucTpmpoBaTbCA 4ETEKTOPOM:
BennuuHa curHana ~ BblaesfiuBLUENCS 3HEpPrum



deTtekTnposaHue TM c nomoubio AByxda3HOro KCeHoHa

/-

\
Electric Field

Xe _

LXe

/ O0a mpouecca perucTpUpPyOTCs OHUMHU M TEMH Ke
(¢oroaerekropamu
SC UV light

daexkTpoaroMuHecuenuusa EL:

etXe = etXe*;
HCKpUMHHAaNNA oHA OCHOBAHA HA aHAJIH3e .
Juckp st ¢ Xe*+Xe = Xe,*;

cootHomenust EL/SC Xe,* = 2Xe+hv

Huas ¢pona (B ocHoBHom yu e) EL/SC Benuko Boixox EL - Heck. coren Y@

Has WIMP u HeliTpoHOB EL/SC maio ¢oTonoB Ha oaMH e

BCJIeACTBHE 00Jiee CHIIBHOU PEKOMOMHALIMH
SCu EL 175 nm BY®



NMpotoTtun getekropa ZEPLIN lli
(UTOD)

ENT N




NMoncku TM no npoaykram aHHUrMNAUUUN HEUTPASIMHO
> W~ Wi— ntv

i
X4_Xl_> W- v perucrpupyerci AHTAPECom

IoagBoaubiii HelTpuHHBIA Tegeckon AHTAPEC

buoy ! : - :
""f' . : FElectronics container EOC

to shore
Optical Modules ~ 40 km

storey

Junction Box

tanchor




MopenupoBanue CoObITUSI B AHTapece YyBcTBUTEIBHOCTH K TM

Antares vs Edelweiss Il in mSugra
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UTIE, KN, MI'Y yuacteyroT B cosaaHum akcnepumeHta AMS Ha MKC
ANS HOBOrO NMOUCKA aGHTUMATEPUU U TemHOoU matepum Bo BceneHHou

byayuui BUa JeTeKTopa




Cambin KpynHbin yckoputenb LHC co3naetca B XeHeBe
OaHa 13 OCHOBHbIX 3a4a4 HA HEM —
NOUCKKU cynepcummeTpun 1.e. n TM

LHC - B CERN

== ATLAS
e Point 1

UTIOD yyacTByeT B CO34aHMUMN BCeX YeTbIpex
petekrtopoB Ha LHC






roccuyckue (PU3UMKHM aKTHBHO YYaCcTBYIOT B co3aaHum LOC

CERN-Budker INP COLLABORATION

W Novosibirsk
E\\ 2006

A1. MANUFACTURE AND DELIVERY OF DIPOLE AND QUADRUPOLE MAGNETS FOR LHC TRANSFER LINES.

TOTAL COST: 26340 kCHF
N3roroBiennbie B HoBocnOupcke maraurol aiasi LHC PERIOD: 1906-2001

360 DIPOLES AND 180
QUADS — 4000 TONS
MAGNETS AND VACUUM
EQUIPMENT FOR LHC —
DESIGNED, FABRICATED
AND TRANSFERRED FROM
NOVOSIBIRSK TO CERN
(5000 KILOMETERS!)
ACCORDING TO THE
SCHEDULE AND SPECS.




U3arotoBneHHbIn UTID anekTtpomarHuTHbIN Kanopumetp LHCI
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PyKkoBoOAUTEIb IKCIIEPUMEHTA —
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Coopka KoMmnakTHOro

nerexkropa (CMS)




PaspabotaHHbi B UTIOD u CLUA pagnauMOHHO CTOMKUN
KanopumMeTep HOBOro Tuna — KBapueBbiu Kanopumetp CMS
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Simulated Higgs decay

S ULEREAELE Iy

- AR LT P X




3D view

 However, keeping only those tracks with
pr > 25 GeV:




Sparticles

~

%0 Production of sparticles may reveal
itself though some spectacular
Kinematical spectra, with a
pronounced "edge" in the €+ -~ mass
spectrum reflecting x.° — €+€ ~x.°

p p production and decay.
— »— An example of such a spectrum in
L inclusive €€ -+ E™= and of a 3 ¢=
q w production event are shown below

7 = lacTuna Témuoit MaTepun

Inclusive (¢ + ET‘SS final states

250 mSUGRA parameters

m,= 200 GeV, m,, =160 GeV,
tanfp=2, A, =0, p<0
E™'S > 100 GeV
p:'? > 15 GeV
t
3 it
Lin‘t =10 pb
SUSY + SM

200 |

3 0 50 100 150 200 2I5O
SUSY event with M (£+£7), GeV

3 leptons + 2 Jets signature

LHC Mo:KeT OTKPBITH
SUSY ¢ maccoi xo ~1T3B

OaHako onpeaeauTsb BeCe
CBOMCTBA DTUX YACTHUILI

OyaeT CJI0KHO

s 3TOrO0 MIIaHUpYyeTCH
C0371aTh e+e- KoJLJIalaep-
ILC ¢ 3nepruen 0.5-1T>B



MexKayHaApPOaHbIA e+e- JuHeMHbIH Kosutanaep (ILC)

Electrons Detectors Electron source Positrons
Undulator

k. Beam delivery system

Main Linac Damping Rings Main Linac

NUTOD, MUDPHU u MI'Y y4acTBYHOT B CO31aHUU
npororuna Kajgopumepa aiasa ILC
HA OCHOBe PocCHMCKHUX TEXHOJIOTrHH



Russia has technologies useful for SC cavities
Purity of Russian NbD is the best in the world

[ng/g] DESY ITEP-GIREDMET
Ta 500 2.2 .
W 70 6 i B — before baking
Mo 50 <1
— after bakin
Ti 50 <0.03 : 3
N 10 3 0
C 10 3 ey 5 o
e
1¢ L
RRR 300 ~1000 e = -
[ | e
=]
n
8
=
100 | | | | | | |
o =] 10 15 20 25 30 as 40
Eacc(MY/m)




o (nby)

LHC
praton - (artijpretan cross sqetions
F
r . : RS
3 Tc*rHtl 0l LHG 10
: = A
r (,_.—”"AJ o 10°
r _oqe
i | __J‘“ 5 E
ir 'E 1 ':]':
.[' o |E' "= Waan / 'I _II:'J -
3 ” E I
r Ty - - 10'_%'
.r % ""'f 1 (g i
o (E." =100 Gew) : o
10"
[ 1"
4 / 1075
1 {10
i,_ a, |E = YA r4| 'I 1o
M =120 GeV) :
rﬂ“""[ 410"
F 200 Gev E .
h[&
r 00 GSay -%
| al l'kﬂ 1':'-:
0 1 10
s (TeV)

-

ignal and background Cross-section

LC¥

L
iy MK 400 by A 100K

Vi (GeV)

Signall/ background ratio is much better at ILC

Number of events / 500 fb1

Sty

50



Coupling measurements at ILC

m; =0 X K; . f
. (Ecm>700 GeV)
Coupling-Mass Relation 7y

e

LHC: (10)% for ratios of
coupling constants
ILC: a few % determination

—
1

<
—

Higgs self-coupling

-

o

o

—
1

Coupling constant to Higgs boson (k)

1 10 ””1'(')0
Mass (GeV)

m,=120 GeV, Ecm=300-500 GeV.L=500fb""



Applications of precision Higgs couplings m

Baryogenesis )

E%;noroow b

The Higgs-coupling measurements z ™ | )
. . . +10%

allow for a powerful distinction be- *g S E E T RS ——
tween models g 1%
=20%

20% I Muodel Independent Analyses
- S. Yamashita (ACFA WS Taipei)

2HDM Higgs-Radion mixing
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Heavy Higgs (A° H° H*) Discovery Reach

LHC

Mhmax scenario
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Discovery reach depends on tanfi and model

Good at large tanp case

JS = 1000 (GeV) ILC

SUSY Grace
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ACFA Higgs working groug
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Full discovery in many channels
independent of tanf

Reach up to ~ beam energy




SUSY particle masses, quantum numbers, couplings, mixing angles
can be determined with high accuracy at ILC

o ~ 10p
300 b 1@!.HC Fut LHC
AM values in GeV E .
E mﬁ;‘— \:ﬂ‘
LHC THC+LC(0.2%) R N
Amy 48 (ILCinput) & L
‘i”}jf' 48 E 1:|:-f‘— ILC
: g
Am 7 4.7 o "
,-"'_\mrh_ 8.7 o S R

B0 Fi | ED M mE M0 1M 1A 14D 15D

Amy,  13.2

Ligh{est neutralino mass (GeV)

e : : Strong correlation at LHC
Significant improvements even if .

only m(x°) is measured at ILC An input from ILC resolve this correlation



Discrimination between different SUSY-breaking scenarios

Type-| string inspired models

EU: early unification at 10" GeV
GUT: string scale at GUT scale ~1015 GeV

Mirage: Intermediate string scale
at 10" GeV + Mirage unification

alone

&]]EETI]E‘“‘=

SPS1a

1.2

LIS ¢

{

/

. Allanach, Grellscheid, Quev;:dﬂ

—

ILC+LHC
T

EU \
GUT
Mira X
Los L=
LIS 12 122 124 126 128 1.3
méLfméR

Precise determination of SUSY parameters at ILC and LHC allows to achieve
accuracy in SUSY Dark Matter density comparable to the accuracy of Planck

measurements



- Examples: Reach and beyond

Large Extra Dimension Reach Not only the reach !

BILC w/ transverse polarization
15 Tev+ MILC

1 [FLHC

2030
2020
2040
2000

1990
1980
1870
38 385 a 405 41
\ Ja= 500 ceV [
= 1000 GeV |
= 1500 Gev [

Energy Scale

an=2 an=4 dn=6 Graviton exchange
Graviton emission {virtual production

Numbers are taken
From J.Hewett et al The size and number of
the extra-space
to be determined at ILC.

# of extra-dimensional space
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The CALICE HCAL prototype comprises 38 planes of scintillating
detectors with 216 tiles in first 30 planes and 145 ftiles in 8 last ones.

| | LAL 18 ch. SiPM
Light from a tile is read out via WLS fiber and SiPM

FE chip
SiPM 3x3 cm? tile with SiPM
3000 —
“ ia “ single photon separation
'? - » =12 ADC channel
2000 3 E P4

1000

250 300 350 400

ADC channel



SiPM main characteristics (MEPhI-Pulsar example)

s;-Re\samiﬁwndumf > 1156 pixels of 32x32um? (actvive area 24x24)

Guard

pogs » Working point: Vpios = Vpreakdown * AV ~ 50-60 V
2 Substrate p+ AV ~ 3V above breakdown voltage

»Each pixel behaves as a Geiger counter with
| | Qpixel = AV Cpixer  With Ciy ~DOfF >
 m Quixe~150fC=10%

24

a

Resistor - Noise at 0.5 p.e. ~ 2MHz
R, =400 k.Q I
-20MQ | pixel - Optical inter-pixel cross -talk:
E -due to photons from Geiger discharge initiated

by one electron and collected on adjacent pixels
-Xtalk grows with AV. Typical value ~20%.

//// -PDE ~15% for Y11 spectrum

Insensitive to magnetic field (tested up to 4Tesla)

Depletio
Region

2 pm Substrat
IS Very short Geiger discharge development <100 ps

Pixel recovery time = (Cyixe Rpixer) ~ 20 ns (for small R)

Dynamic range ~ number of pixels (1156)=> saturation



.~ CEvent Display (CED) 7587 =& |
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Hadron event

>1.8MIP & <4MIP L (BN
>0.5MIP & <1.8MP RS By e




3aknroveHue

Mbr 3Haem U3 yero coctout Matepus U e€ B3aUMOAEUCTBUS

Cxopo Ha LHC novimém mexaHu3m BO3HUKHOBEHUS MACCHI

Ho BO3MOXHO MbI 3HaeM TOJSIbKO MOSIOBUHY (PYHAAGMEHTASbHBIX YacTul
Ectb Hapexaa npoacHUTtb 310 B 6nNuxavwume 10 ner

MbI BLISCHUNU OCHOBHOU MeXAHU3M pasnuumua csoucte Martepum um
AHTUMATEpUU B criyvae kBapkos (mexaHusm KM)

Ho oH He obbacHaer aomuHuposaHue Martepuu so BceneHHou

HyXHbI HOBbIe MexaHU3MbI HapylweHus CP-uHsapuaHTHOCTU
Ux noucku seaytca

ACTpO(PU3UKM nokasanu, Yyto TM B 6 pa3s 6onble yem 6apuoHHOMU
Ho npupoaa eé He ussectHa
Ectb Hapexaa BbISCHUTL 3TO B 6nuxauvwme 10 nert

Camoe Bpemst npuxoauth B U'TOD!



,lll

TTpupona v acrtpopusmku
He yCTaloT HaC YAUBNATDL

BapuoHHas u TemHas MaTtepua coctasnaloT
nvwb 30% nnotHoctu BceneHHou

OctanbHoe - TemHas DHeprus



Ewe oaHO BaXxHeunwee OTKpPbITUE NOCrNeaHUX nerT:
OTKINTIOHEeHUue OT 3aKkoHa Xabona —

BceneHHana paclwimpseTcsa ¢ yckopeHuem!

CBepxHOBbIe B yAan€HHbIX ranakrukax Oka3anoch, 4To
ObiNn BbIOpaHbI B KaYecTBe

APKOCTb
"cTaHO4apPTHbIX cBeYekK"

CBEpPXHOBOM U
BpeMA 3aTtyXxaHus

A
SAPKOCTH Xopotuo

/ KOoppenupytoT

Mexay cooomn.

U3amepuB BpemaA
3aTyXxaHus,
MOXHO y3HaTb
APKOCTb, a

BpeMs 3HAYUT, U
paccTosiHue

1
> [T ([

CpaBHHB paccTOsiHHE H CKOPOCTH (ONpPeaeJéHHYI0 0 KPACHOMY
CMEILEHHUIO) VBUIEJIH - BeceJleHHAs paclIupsaeTrcs ¢ VCKODEeHUueM



CoctaB BcesteHHOM




Bonpockr BMecTo 3aknkoyeHus

Yto onpenenser nepapxuro macc U KOHCTAHT CBA3U?
3ayem HyXHbI 3 NOKOSeHUs KBApKOB U NenTOHOB?
Kakos mexaHusm BO3HUKHOBEHUS MACCbI?
Cyuwecteyet nu CynepcummeTpusa?

KakoBbI HOBbIE MeXaHU3MBI HapylueHus cummeTpum mexay Marepuen
U AHTUMaTepuen?
TTouemy Martepus nomuHupyet Bo BceneHHou Haa AHTUMATepuen?

U3 yero coctoutr TemHaa Matepusa?
Yto Takoe TemHasa SHeprua?

TouyeuHbI NU (PyHAAGMEHTAsbHbIE YaCTULIbI?
CKOnbKO usmepeHuia B Hawem TTpocTpaHcTee?

7



Strong interaction coupling “constant”
becomes weak at large energies

= 0.25
= : ® ZEUS (82 pb’ ) (inclusive jet yp - p=Ek9

g m ZEUS (38 pb’ ) (dijet DIS - n=Q)
b a ZEUS (39 pb” ) (inclusive jet DIS - [.I.—EJ,E‘)
N +«H1 (33 pb™) (inclusive jet DIS - n=EI"

0.2 —
. i % oF === Bethke 2002
| ho . }

0.15 - 1 }I% i % j
0.1 — i
1 | | | | 1 1 1 1 | |

10 102

L (GeV)

These data were used by Nobel Committee in 2004
to demonstrate asymptotic freedom



Unification of the Couplings of the
Electromagnetic, Weak and Strong Forces

/—3':60 LR L LN L DL DL DL AL L L SR RN LN DR LAY BN DL
.50 Standard Model
S
40
30
20 World Averoges
Cg{M)=0.123+0.006
"! O Sin"Og =0.2324 1 0.0005
1/ a{M)=127.940.2
8 1 2 L ' S S BT T T BT RS S B
1 10° 10" 10" ulGeV]
/360 & M - i ] | I | I I | 1 i i
= Minimal
1 .50 ]
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Significance of Higgs signal

Simulated data from ATLAS o

-]
L...= 100 fb- E (L dt =30 b . GHE D b
(1 year of nominal luminosity) :En E‘T"ﬁfgcmm N
Gives > 5¢ significance for = 102} S M S
discovery of the Higgs over & ! ¥ JOH 5 aaZz N,
full interesting mass range I — “Total significance

using just those two channels
Similar results from CMS

Many more channels are
studied

Altogether they should allow
the Higgs boson to be
discovered even with lower
luminosity

10

10
m,, (GeV/c”
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Supersymmetric Higgs

In Supersymmetry there are five Higgs particles: h, A, H°, H*, H-
Properties are determined by two SUSY parameters: m,, tang
tang = ratio of vacuum expectation values of h and H°

At least one of the Higgs bosons is light: m,, < 135 GeV

| S\ 1t 4 Higgs observable

7= Moxtalmbog 3 Higgs observable

Lk 2 Higgs observable

I = ] 1 Higgs observable

_l

| :

7 « At least one SUSY Higgs can be

HLH h (SM-like) discovered over the full

| S DO (m,, tanp) plane

/4 \hH) = * More than one can be
discovered for most of the

parameter space

'so 1-';'{5:3150 :i'{:':z.Bb 250 300 380 400 450 80 —> disentangle SUSY and SM
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Supernova Cosmology Project
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. 2 .
Cross-section [cm™ ] (normalised to nucleon)
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History of the Universe
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Measurement of the H quantum numbers

After the H has been discovered it has to be proven that its quantum
numbers are really 07

At the LC this can be done with a threshold scan of eTe™ — ZH:

i
LLh
l

e Large sensitivity to the dif-
ferent states

[==
=
l

Ccross section, tb

e The few remaining am-
biguities can be resolved
from angular dependences
and the observation of
H — vy

D T . T _|"d..|'l-!|ur. T T T [ T T T T ] T T T 1
210 220 230 240 250

5. GeV
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Gauge boson anomalous couplings
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e .C much better than LHC for k, somewhat
better for A

e [f new physics scale is high, eflects are ex-
pected in k because of lower dimension
w big advantage for LC

e If new physics scale is low, both couplings can
show effects and LHC probes at higher scales
where new physics might be visible directly
m advantage for LHC

e [f some effect is found somewhere it is defi-
nitely invaluable to have complementary in-
formation
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