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CtaHgapTHasa Moaenb (CM)

Fermions

« B CM MHOTO 4aCTHIl

* MoKHO 3aperucTpupoBarThb
TOJIBKO JIOJITOKUBYIIHE
YacTULIbL: € (3JIeKTPOH),
(Mr00H), ¥ (poTOH)

— OaHU U3 caMBIX JIETKUX

SJallIED 32104

suojdan

 KBapku He CylIeCTBYIOT B
CBOOOTHOM COCTOSIHUU OHU
GopMUpPYIOT «OeclBETHBIE»

aJIPOHBI:
Me3sousl: nt(ud) nmmoH, ‘ et to be confirmed
K*(us) kaoH...

Yactunel ObIBAIOT

SOUR

Bapuonst: p(uud) npoTos, BapsKeHsIe: e, u, T, K, p

n(udd) HeHTpOH... HeHTpasbHBIE: ¥, N




A apyrme yactuubl? MNpumep cobbiTnA

IIPOTOH IIPOTOH
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3a4a4a AeTeKTopa

J1J151 TOr0 4TOOBI MOHATD, UYTO IPOMU3OIILIO ITPU
CTOJIKHOBEHHUU HAJI0

* 3aperucTpupoBaTh BCE BO3MOXKHBIE YACTUIIHI
* MIaMepuTh UX UMIIYJIBC UJIU SHEPTHIO, 3aPA/
* X uaeHTuUIpOBaTh

Pa3Hble 4yacTHUIbl B3AUMOJENCTBYIOT C
BEIIECTBOM 110 PA3HOMY



N3mepeHune 3apaga 1 MMNyabca YacTul,

—_—q>0 ( Q=0 —=——q<0 ~

K, = gi%B
\ %
\\,/’.:

V'/ ® B ) Fig. 2

o
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SC

0e3 1o C Malr'HUTHBIM II0JIEM HETEKTOP C

\l

MargdvuTHBIM II0JIEM

3apsA 4YaCTUILBI OIIpeiesideTCA 110 HallpaBJeHU0 OTKJIOHEHUA B
MarauTHoM noJie (B), a uMnyibc 110 pajuycy KpUBU3HBI.

YeMm cusibHEe MarHUTHOE I10J1€ B 11 O00J1bIlle pa3dMephl AeTEKTOPA,
TEM HaJle:KHee MOXXKHO U3MEPUTH €€ UMITYJIbC YaCTHUIIbI.



CoBpeMeHHbIE JIETEKTOPbI

MrooHHada cucrteMa

KajiopuMeTpbl ANPOHHBIH KaJIOPUMETP

* USBMEPAIKOT OHEPI'UI0 YaCTHUI|

Y

MAaTHATHBIH-KaAOPHMETD
0
3 K
]

D dae, ™ PR

BHYTDEHHUHN J1eTdKTOD

BHyTpeHHUH JeTEKTOP

JI 0
e U3MepsAET UMITYJIbC
3apAKEeHHBIX YACTHUIl, UX

3apsAan

MiooHHaa cucreMa
U3MepsAeT UMITYJIbC MIOOHOB




B3AMMOZENCTBUE YACTULL C
BELLECTBOM

10



DoTOHbI (V)

1.®oTo3ddexT %

Y +atom — atom” +e~

2. dpdekT
KomMmnTona

a .
9 8%, (b) Leade:SZ} -
.i o -expelimental Oy,

:

TEmETTTEsnTT AN T

Cross section (barns/atom)
&

1b

3. Poxxgenue mmap

10 mb : :
ete” B I10J1e Aapa 10eV 1keV 1 MeV 1GeV 100 GeV
Photon Energy '
@ PoxxneHue ap e*e” B 1moJie gapa
Plots from C.Joram AOMHUHHUDPYET IIPHU BBICOKHNX OHEPTHUAX
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INEKTPOHbI N Apyrme 3aparKeHble YacTULbl

Z, 3N1eKTPOHOB, (=-€,

M, q=Z, ¢,

B3aUMOJICICTBUU C
aTOMapHBIMH
AJIEKTPOHAMU,
—
aTOMBI
HOHHU3UPYIOTCS

&
g

IToTeps sHepruu npu

IIpu cKOpOCTU YaCTUIILI OOJIbIIIE
pACCeHHUE IPH CKOPOCTH CBETa B CPEJIE
B3aMMOJIEHCTBIH C BO3HUKAaET YepeHKOBCKOe

sapamu. [Ipu sTom U3JIyYCHHE.
MozKeT uaaydutesa doron  1IpU mepexojie u3 O4HOU Cpeibl
(TOpMO3HOE UBIyUEHHUE) B IPYTYIO B 196 CJIydaeB MOKET
OBITH U3JIyueH (POTOH

(ITepexomHOE UBJIyUEHUE).
N3 W. Riegler, Particle Detectors 12

MHorokpatHoe



INEeKTPOHbI () N 3NeKTO-MarHUTHbIE JIMBHMU

I\IIIIII| IIIIIII|
\

Positrons

Lead (Z=82)

lonization

Bremsstrahlung

—o.20
0.15

0.10

0.05

|
1 10

—_—

(cm? g1

[Ipu sHEpruax 3jeKTpoHa >5-
10I'3B TopMo3HOE usnydyeHue
JIOMUHUPYET.

Paguanuonnas gyimaHa (X))
paccTossHUE 3a KOTOpoe
AJIEKTPOH TepseT 1/e SHEPTUUN
Ha TOPMO3HOE U3/IydeHHE.

AJIEKTPOHBI U3JIy4atoT (POTOHBHI,
T€ IIPOU3BOJAT SJIEKTPOH-
IIO3UTPOHHBIE IAPHI U T.J,.
(3J1eKTO-MarHuTHbIE JIUBHU)

IIporiecc pasMHOKEeHUA
IIPOJIOJIPKAETCA II0OKA DHEPTUd
JIOCTAaTOYHO Besinka E > E

KPUT
TricAuM yacTul Mpyu HaYIbHON
sHepruu E Oosbiie uem 1 I'sB
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MiooHb! (1)

10 1000

Ill]lIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T T T 11T

\

H, liquid

1 | 1 III|IIII|II I|IIII|IIII|IIII|III‘_T'
T T IIIIII|

=

—dE/dx MeV g lem 2)
w

T T T TTTTT T T T TTTTT T T T TTTIT T T T TTTTT T 17,7117
.

1 | I‘IIIII|

H (gas) total

1 1 1 11111

2 gl _ Feion
- : LETT D 3
i - - DAy i
]_ 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 L1 1111l : J(Q :
0.1 1.0 10 100 1000 10000 [ ]
| | B.Y = [Jjﬂlfj | | 01 il il L1 |
1 L1 1111l 1 L1 1 1Ill 1 L1 1111l 1 L1 1 11ll 1 L 11111l 2 3 4 5
0.1 1.0 10 100 1000 1 10 10 10 10 10

Muon momentum (GeV/c)

Muon energy (GeV)

* MIOOH — TSKEJbIU 3JIEKTPOH
— TopMoO3HOE nsjryueHue rnpu 3Heprusgax > 500138

— MuHNMaJIbHO UOHU3UPYIOIAA YaCcTUIlA

— IlouTu He B3aUMOJEUCTBYET
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A,Z[pOHHI)IG JINMBHU JJIMHHEEC U IIINPE

IJICKTPO-MAI'HUTHBIX

Agponbl (p, K, 7, n)

3apsKeHble aZIPOHBI B3AUMOJEHNCTBYIOT, KakK L

Ho Tak:ke y4acTBYIOT B HEYIIPYTUX AJAEPHBIX ITPOIlECCax C
BbIJIeJI€HHEM SIA€PHbBIX OCKOJIKOB U APYTUX aIDOHOB (aﬂpOHHbIe
JINBHN)

— du3ukKa I0BOJIBHO CJIOXKHA T
hadron Z}k ____———~r n
—_— L |
BHYTpH JINBHA IMOABJISAIOTCA % b, K » —

70

TaK:Ke POTOHBI U 5JIEKTPOHBI,
POK/Iasa 3JIEKTPOMarHUTHBIE
JINBHU

— PaszMHOXeHMe [oKa SHeprusd
YacCTUIl B JINBHE JOCTAaTOUYHO
oospinas > I'sB

(Grupen)



AnponHas cTpys (jet)
obpasyeTcs HECKOJIbKUMU

DJIEMEHTAPHBIMU YaCTUIIAMH,
JIETANIUMU B OJTHOM

HalpaBJIEHUH B Y3KOM KOHYCe

5 . \ \ \ \
-
LY,
s \ - o = a
- \
N . \
\
n f
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B naHHOM cobbiTum
NPUCYTCTBYIOT 2 CTpyu

M; = 2.55 TeV
%ATLAS
Z EXPERIMENT

Run Number: 158548, Event Number: 5917927
Date: 2010-07-04 07:24:40 CEST



http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0

Ecnn yactuubl HE B3aUMOAENCTBYIOT C ,u,eTery<Top0N\?

« Campble cs1a00 B3aUMOJIEUCTBYIOIIAE
YaCTUIbl: HEUTPHUHO

« (OHU HE OCTABAT ¢Jiela B «OOBIYHOM »
IeTEKTOpe

CrernuasibHble JeTEKTOPHI, KaKk Super

Kamiokande 50 000 TOHH yabTpa Q\ A T L A S

YyrCTON BOABI (1 30 M X B 42 M) )il EXPERIMENT

* Hcnosib3yeM 3aKOH COXpaHEHUA
(ImonepeyHOro) UMIYJIbCa:

pTHaq — pTKOH =0;

WHoraa p~°“=Ip; #0, HO
Zpr+Ppr’=0

Hepmocraroias sHepru

ETmiss — |pTV| =E Vv

— 3ITO MOKeT OBITh HEUTPHUHO...

WNinu HoBag uactuia!

...HO 00 3TOM B JAPYTHUX JIEKIIUSIX...



MPUHLUUIMbI AETEKTUPOBAHUA
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[lepBble geTeKTopbl

* «TunuyHbIE» SHEPTUU OYE€HDb MAJIBI 10 CDABHEHUIO C
MaKpOCKOIIMYECKUMH Pa3MepaMU JETEKTOPOB

* Hapmo ucnosib3oBath pusndeckue 3pPeKThl UYyBCTBUTEIbHbIE
K MaJIbIM BO3MYILIEHUAM
» CucreMbl B COCTOSHUH HEYCTOMYNBOTO PABHOBECHSA
— IepeoxXJIAXKAEHHBIU Iap TYMaHHOU KaMepe BuibcoHa
(HoGenesckas Ilpemus 1927)
« Obpa3oBaHue KallejlieK KOHieHcaTa («TymMaHa» ) BJIOJIb
IBUKEHUS 3apsSAKEHHOM YaCTUIIbI

— Ileperperas :KUAKOCTbD B IIy3bIPHKOBOM KaMepe
(HoGenesckas IIpemus, /1. I'nazep, 1960)

» 3apsA’KeHHas 4acTUIla HOHU3UPYET >KUJIKOCTb,
*KUKOCTh BCKUIIAET BJI0JIb €€ ABMKEHUA, 00pa3ysl psi/l
MeJIbYaHIIINX ITy3bIPhKOB, KOTOPbIE MOKHO
cdoTorpadpupoBaTh 19



[1y3blpbKOBblEe Kamepbl

-~ .

/‘/.

IlyspippKOBad Kamepa
I'apramesis. [IEPH
1970-1978 IT
22 x44 MeTpaMeTpa
12 M3 (ppeoHa
OTKpBITHE HEUTPATBHBIX

TOKOB B 1973.

BNL 80 inch
IIy3bIPbKOBAs KaMepa:
OTkprhITHE (O B 1964.




KR coBpeMeHHbIM AeTeKTopam

« Hutepec k 60Jiee peIKUM IIpolleccam
* HeobxoauMocTh yBEJIMUEHUA CKOPOCTU 3aIIUCU COOBITUU

* BusyasibHOe cKaHupoBaHMe (poTorpadpui U SMYyJIbCUU
3aMeHsIEeTCs JIEKTPOHHBIM CUUThIBaHUEM M 00pabOTKOM
TAHHBIX

« IIporpecc B pa3BUTHM 3JIEKTPOHUKH II03BOJISIET YCUJIUTD
cjabble CUTHAJIBI M YMEHBIIUTD IIIYMBbI

1968 MHOromnpoBOJIOYHAS IIPOIIOPIIMOHAIbHAA
kamepa (Hobenesckas IIpeMusiigg2,
I'eopruii Xapnak)

[MlpoBoga nof
HaNpPsKEHNEM

S 21



N3mepeHune TpaeKTopum 4actuml, ;

cathode f
gas e

YacTua HOHU3UPYET a3, 3JIEKTPOHBI APeu@yIOT \\b I

K TOHKOU ITPOBOJIOYKE IO/l HANIPS>KEHUEM i
* OJIeKTPOHHAas JIaBUHA ]
p anode\\\k?;
« MaJjioe ycuieHH€e: CUTHAJ IIPOIIOPIUOHAIEH HOHU3AIINU o
~— ]
« Caumkom 60JIbIIIOE yCUIeHHE: cueTunkK 'elirepa N |
« l3mepsaAd BpeM:A NPUXOJA CUTHAJIA U 3HaA NoJoxkeHue E |
IIPOBOJIOKH MOKHO Y3HATh IJIe IIPOXONjIa YaCcTUIIa
) i ", Eﬂ'ureshold
ApendoBasa kamepa a
| \\11!r
’ — -
= | r
H3mepserca
CHUTHAJI BBIIIIE
Imopora

® ceHcop @ noa HANPAKEHHUEM 22



RpemHeBble AeTeKTopbl

MHOrOC/JIOMHBIN S1 JETEKTOP U3 OT/EIbHBIX TOHKUX IJIACTUHOK C HAHECEHHOU
IIPAMO Ha HUX 5JIEKTPOHUKOM.

HauanbHas noHu3aiusa 00Jbllle, UEM B ra3ax, HO HeT ycuaeHusa = Hy»kHa
YyBCTBUTEJIbHAA U MAJIOIIYMAILAA 3JIEKTPOHUKA.

Y3HaB KOOPpAWHATHBI TOYEK IIepeceucHA 4aCTUuIbl C HECKOJIbKNMHU NAYIITNMKX
[moApAA IJIaCTUHKaMU ITHNKCEJIbHOT'O AE€TEKTOPa, MOXKHO BOCCTAHOBUTD

TpeXMepPHbIE TPAEKTOPUU YACTHI]

TouHocTH: 5-50 UM
I'eomerpus:

* [10JI0CKU «CTPUIIBI»
* [IpAMOYTO/IBHUKHU
TIIAKCEJIA»

MHoro (IecaTkoB)
MUJIJINOHOB KaHAJIOB
CUUTBHIBAHUS

23



dE/dx [MeV g'cm?]

NaeHTUPUKaLmMA 3apArKeHHbIX YacTumy

—h

RN LW PR~ O OO0 N 0 W O

HMoHun3anmoHHbIE

AILAS Proliniery From Pixel Detector
2009 Data (\ 5=900GeV) IIOTEPU KAK

10 (QYyHKLUA UMITYyJIbCA
3aBUCAT OT

MaccChI YaCTUIIbI
102
ITO IIO3BOJISIET

UJIEHTU(PUIITPOBATD

10 YaCTUIIBI

TOJILKO IpU HU3KUX
0 100 200 300 400 500 600 700 800 ! IMITyJIbcax <0.719B

Momentum [MeV]
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IleTeKkTOopbl HepeHKOBCKOIro U3y4yeHunAa

[Ipu ckopocTu YyacTuIlbl O0JIbIIIE
CKOPOCTHU cBeTa B cpejie (HO
MEHBIIIE CKOPOCTH CBETa B
BaKyyMe) BO3HUKAET
YepeHKOBCKOE U3JIyUYeHUe.

* KoHyC 4epeHKOBCKOIO CBeTa
cosO, = 1/(np)
N UHAEKC peppakiuu
B=v/c
 3Hasd pacTBOP KOHycCa —
n3MepsAeM CKOPOCTb

* 3Hasd UMIIYJIbC YaCTUIIbI,
U3MepsAaeM Maccy

0.8

0.75

0.7 &

- | | -F1 | | | | | | | |
1 2 3 4
Momentum (GeV/c) 5

0‘65 L | |



[leTeKTOpbl NepexoaHOoro U3ny4yeHuAa

Paguarop Tpyoxm

®OTOHBI IIEPEXOTHOTO U3IyUEHHSI BOBHUKAIOT
IIPU IIepPeX0/ie YIbTPa-peJIaTHBUCTCKON
3apsizkeHHOU yacTuilbl (y=E/m>103) us
OHOU CPEJIbI B IPYTYIO

[IpoBo/ia B «COJIOMEHHBIX TPYOKAX»
3aIl0JIHEeHbIX 70% Xe+27% CO,+3% O,

PagmaTop: noaunponusieH (BojaokHa/dosbra)

o it

S GRE 00O

A e,
S DG

q....
PO
I

K

5 D 5 D O T Y D YT D D

Y N
O G O T

0 DD

S
20
I

A

OB GOOISE SO DAL
5

D

s

I[Ba IIOpora CHUuTbIBaHUA CUI'HaAJIa

= A TR A M3-3a Majioll Macchl
B 02ar ATLAS preliminary } :
< i (ﬁ % 1| CKOPOCTBH 3JIEKTPOHA BBIIIIE
O N 3 N LS4
= 0.2« Electron candidates ,g' ‘gg B APYIHX 9aCTUL TOH 7K€
— - . Generic tracks . :
o .. =
% 0.15— o  Electrons (MC) ':‘f =] OHEPTHMH.
_“E’ - o Generic tracks (MC) ‘i -
E 54 ; g boJibliie rmepexo HbIX
£ Ok 1| @OTOHOB. boJibllle BBICOKO-
0.05F gagaaaaasedgh---—---- - = IIOPOTOBBIX CUTHAJIOB.
N TRT endcap i
Dol e e un NnenTudukanusa
0 10 10 y-factor 10° 10* ! ¢ "

AJIEKTPOHOB 1<p;<150 I'sB

1 10 1 10
Pion momentum (GeV) Electron momentum (GeV) 26



N3mepeHune sHeprnm 4yactul

KasopumMerpua = uaMepeHue 3JHEepruu IyreM ImoJIHOro
norsiomeHusa, O0bIYHO 00beJUHAETCS C IIPOCTPAHCBEHHOM
PEKOHCTPYKIIMeN. YacTUIIbl NCUE3al0T.

YyBCTBUTEJIEH K 3APAKEHHBIM U HE3apsKeHHBIM YacTULaM!

JIBa THUIIA K&JIOPUMETPOB
e OJIEKTPO-MarHUTHBIN (3JIEKTPOHBI U (POTOHBHI)
* AZpoHHBIN (IIPOTOHBI, HEUTPOHBI 1 TUOHBI)

JIBa criocoba u3MepeHuu :

e OHOPOHBIE KAJTOPUMETPHI (TOJBKO 3JIEKTPO-MAarHUTHBIE)
IeTeKTop = abcopbep

* HeopmHOpoaHbIE KAJIOPUMETPEI = Yepeayloliecs: Aocopoep +

neTeKTop (ra3oBble, 3KUJAKOCTHbIE, TBEP/IOTEJILHbIE)

27



OaHopoAHble KAaNOPUMETPb

Marepuast gaile Bcero: CHUHTU/LIAINOHHbIE KPUCTAJLIIbI

[Ipu nepeceueHnn KpUCTAJJIa YaCTUIIAMU BO3HUKAIOT
COUHTWLIAIUOHHBIE (DOTOHBI, pETUCTPUPYyEMBIE (POTOTUOIOM.

MY

—

3}

A

)

\
¥

\
AN

N

A
Ly

T
0

A
1\

N

i

i

Y

|

Figure 2: 4 section through one quadrant of the ECAL.

JlTnHHA, ceueHre U MaTepuasl IIog0NUPpaIoTes IJI1A SKCIIepruMeHTa

OueHb TOYHOE U3MEPEHNE SHEPTUH, HO HET MH(OPMAIUH O
Ha4daJie JINBHA -



HeoaHOpoOAHbIEe Kaiopume

KOoHCTpYyKIUA: yepeayrolmecs
ciou abcopbepa u geTekTopa

Abcopbep: Pb, W, Fe, Cu

- CO37JaeT JINBHU YaCTHUI]

JIeTEeKTOp: IMJIaCTUKOBBIN

CIIUHTUJLJISITOP WUJIU
MHepTHAas >KUJIKOCTh (Ar, Kr)

- JeTeKTUpyeT JINBHU YaCTHI]

- CHUTHAJI: CIIMHTWLIAIINA WIN
MOHU3aIUA

Bo3mozkHa cermeHTaIu 1o
JUIMHHE: pa3BUTHE JINBHA,
«TPAEKTOPHUA» YACTUILI

He Takoe TOUHOe onpeaeeHue
SHEPruu

TPbI

2

Outer copper dyerl
nner copper layer
kapton

outer copper layer

stainless stoal
glug

29



l'eomeTprsa KaJIOpUMETPOB

['omorennsre/ OgHopoaaeie  Heomunopouble/ CaHaBIY

cJ104 nortomiaroInero (0oJsipiioe Z) u
JIeTEKTHUPYIOIIET0 MaTePHUaIOB

DHePreTUYECcKoe pa3pelieHmne

© (2-5%) ‘ ® (5-20%,
~VTOJIIITAHA TIOTJIOIIAIOIIETO CJI05)
CermeHTanusa

®

(momepeuHast)

©

(momepeuHas U IPOJOJIbHAN)

KomrieHcanus : pa3HUIlA MeK/Ly CUTHAJIOM OT €JIEKTPOHOB U aJJpOHOB (J1J1s
M3MeEPEHNS SDHEPTUI CTPYH)

® \ ©

Ilena

Bce aapoHHBIE
KaJIOPUMETPhI

® ©

30



IIpeumyiiecTBa KaJIOpUMETPOB

« YyBCTBUTEJIBHOCTH KO BCEM BHUAAM YaCTUII (3apsi>KeHbIX U HET)
« JHepreTUYEeCKoe pa3pelnieHue yaydlnaercsa ¢ E

o 1 o
~ KAIOPUMET] o MAarHUTHBIU

E JE 0 ~P CIIEKTPOMETP

* MHoromnpo@uiabHbIE IETEKTOPHI
— HW3mepenue sHepruu (0OCHOBHOE IIPUMEHEHUE)

— HW3MmepeHue HampaBJ/ieHUs YaCcTHIIbI, HauaJjia JINBHS (cerMeHTaIs)

— Wpentundukamnus yacTtull (pa3uyHbIA CUTHAJ OT 3JI€KTPOHOB, aJpOHOB,
raMMa-KBaHTOB)

— HW3MmepeHue BpeMeHU IIPUX0/ia YaCTHUI]
— brpicTpast peaknusa — yZ00HO /iJ1si TPUTTEPHON CUCTEMBI

« JloCTaTOYHO BBITOJHEI 110 IIEHE
— TommuHa 11 norsioeHus auBHA ~ log E (B ciekTpoMeTpe ~ \p)

31



YTO Mbl MOXeMm y3HaTb 0 YacTmnuax?

* 3aperucTpupoOBaTh BCE BO3MOKHbBIE YACTUIIbI

— 3apsKeHble BO BHYTPEHHEM JETEKTOPE U
KaJIOpUMeTpax

— HeurtpasnibHble B KAJIOpUMETPE

* V3aMepuTh UX UMITYJILC U 3aPAJL BO
BHYTPEHHEM JIETEKTOPE

* VIaMepuTh UX S9HEPru B KAJIOPUMETPE
* VX upeHTU(pUINPOBATD

Bce 5T0 Hag0 caesiaTh OHOBPEMEHHO:
MHOTOCJIOUHBIU JIETEKTOP

32



MPUMEPDBI AETEKTOPOB

33



[IppHIMIIBEI BBIOOPA KOHCTPYKIUH

TpeboBanusa B ®usnke BhICOKMX DHEPTUU:

PaguanmonHasg CcTOMKOCTD
CuipbHOE MarHUTHOE M0JIE

['epMeTUUYHOCTD U JIETKUH JIOCTYII IIOCJIE€ OTKPBITUA JIETEKTOPA,
MozayabHOCTD, ' paHyJIAPHOCTD

JleTekTop MOI2KEH OTpabdOoTaTh 10 JIET UK OOJIbIIIE
HebxoanumocTh BbIOOPATh 100 MHTEPECTHBIX COOBITHH 13 1 107 32 1CEK
XpaHeHHe JaHHBIX ~4 103Tb B roxg (1M DVDs a year)

Hano nomuuTh
CTOI/IMOCTB y'CTaHOBKI/I y'BeJII/I‘—II/IBaeTCH HpOHOpI_II/IOHaJIbHO

~00BbeMY

Kak M02KHO MeHbIlIe MaTepuaJia rnepej KaJiopuMeTpaMu
Kak Mo2kHO 00J1bIlle MATEpHAJIA IIepe] MIOOHHBIM

CIICKTPOMETPOM

34



CoBpeMeHHbIE JIETEKTOPbI

Kasopumerpsl
* USBMEPAIKOT OHEPI'UI0 YaCTHUI|

BHyTpeHHUH JeTEKTOP

e U3MepsAET UMITYJIbC
3apAKEeHHBIX YACTHUIl, UX

3apsAan

MrooHHada cucrteMa

AJIDOHHBINA KAJIOPUMETPD

Y

MATHATHBIHHAHOP

4

=

AMETD
; KO n

D dae, ™ PR

KTOD

BHVTDEHHUH JieTe

MiooHHaa cucreMa
U3MepsAeT UMITYJIbC MIOOHOB
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HerekTop CMS

Key:

Muon
Electron
~— Hadron (2.9, Pion)

Transverse slice
through CMS

Superconducting
Solennid

High
granularity for
the tracker

Calarimeter

Iran return yoke interspersed
with Muon chambers

(high Good energy -
occupancy) resolution up E :ﬂ?ﬂggrom
to highest collider)

energies



HetexkTop ATLAS B

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

25M

VNN

Toroid Magnets Solencid Magnet SCT Tracker Pixel Detector TRT Tracker



ACMMMeETPUYHbIE

AEeTeKTOpPbI B consmin

. calorimetro elettromagnetico (EMC)

. rivelatore Cherenkov (DIRC)

. rivelatore di tracce (DCH)

' tubo di supporto

. rivelatore di vertice (SVT)

Muon Detector
Bending Plane

Shield Magnet HCAIL -

ECAL

RICH2

Tracker

I W@“ et
RICH]1 e
Vertex I
Detector |
T1 T2 |
i

BaBar

38
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3aKa4YeHue

« B osromM JieknmpM MBI  KOCHYJIMCh OCHOBHBIX
IIPUHIIUIIOB PA0O0ThI JIETEKTOPOB (PU3UKU BBICOKUX
SHEpPruun

* BboJsbmias yacte BpeMEHHU IIPU MOCTPOUKE YXOOUT Ha
[IPAKTUYECKOE IPUMEHEHUE:

— Kak ontuMasibHO pa3MeCTUTh CEHCOPBI?
— Kak noTssHyTh Kabejin, Kak UX COEIUHUTD
« Ceituac uget pabora B cjIeAyIoIINX 001aCTAX:
— Upgrade nerexktopoB LHC
— JleTeKTOPHI AJ1 TUHENHOTO YCKOPUTEIS
— JIpyrue sKCriepuMeHTEI



Cosmic Ray Air Shower Detection

g
0
Q
Q
Q
Q

Using P, Y. Vv interaction
Atmosphere

as a Calorimeter

Air Fluorescence

Air Fluorescence Detector
(Fly’s Eye, HiRes, EUSO/OWL)

[

1~2km

From Katsushi Arisaka, Calor 2002

Tetiana Hrynova Physics of EM calorimeters 40



Antares
Neutrino
Observatory

50 meters —

IceCube Array

86 strings, 60 sensors each

5,160 optical sensors
/
| DeepCore
6 strings optimized
for low energies

1,450 meters

Eiffel Tower
324 meters

2,450 meters
2,820 meters

41



.

AMS 02

(Alpha Magnetic Spectrometer)

e —
Bkt

Tracker
| P

He Vessel

ECAL
AMS on ISS for 3 years

Alpha
Spectrometer
R.Becker 09/05/03 MIT

Integration
RBO305AMSdetactor
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CNAC1Ub60 3A BHUMAHMUE!
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AONO/THUTEJIbHbLIE NMPO3PAYKW

a4



MarHmnTtHoe none

Central Slenoid

2 Tecs1ia
5.3M X 2.4M
5000KI

Endcap Toroid

4 Tecia

5M X 10.7M
240 OOOKT

" Barrel Toroid

4 Tecia
25.3M X 20M
830 000KT
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BHYTpEeHHUN AeTeKTop

JleTekTop
ITepexomgHOro
N3znyuenus (TRT):
ConomuHku-I'a3
350 k xkaHas10B
36 TOUKU U3MeEpEeHUA

TRT o ~130 mm

(R =1082 mm

TRT<
LR=554mm i N

(R=514 mm L g . Crpunsi (SCT)

| Bor NG Kpemuuit
R=443mm [o_ Vo8 N 9
SCT 4 6@0 = R | 6.2 M kaHaJioB
R =371 mm o = - 4 TOYKU U3MepEeHUA
LR=200mm|___ @t e | 0 ~16 mm
— [Tukcenu (Pixel):
Kpemuuii
R=122.5mm 80 M kaHaJsioB
Pixels { R = 88.5 mm
R = 50.5 mm 3 TOUKH U3MEPEHUSA
R=0mm | 0 ~10 mm




Ranopumetpbl ATLAS

Aiaekpo-MarHuTHbIN Kastopumerp
» «AkkopaeoHn» CBuHel/Kuakuii Apron “ =
« ~180 000 KaHAJLJIOB

Tile barrel Tile extended barrel

LAr hadronic

« PaGoraet nipu -183°C end-cap (HEC)
e 3 CJIOS PA3HOIO pasMepa kel
 HaIIpaBJIEHHE YaCTHUI] endreop ENE0 SV

e HIeHTU(pUKALA
op/E=10%/\E ® 24.5%/E @ 0.7%

—
o
------

—
— \‘\w_‘

Towers in Sam)‘Pling 3

A=A = 0.0245x0.05

barrel
LAr forward (FCal)

N Troger Anponnsiii Kasiopumerp
e 500K IJIACTHUH U3 IIJIACTUKOBOIO
,_ CIIMHTHUJLJIATOPA U CTaJIb B IIEHTPEe
NN uare towers in | * JRHKHE APTOH / Menb
7 Sampling 2 ° 3-4 CJ104

43% 7>

o
—

N2/l

my
1

"

N
trip towers in Sampling 1

n 48



MoOOHHAAa cnucrtema

Monitored Drift—-Tube Chambers

4

12 m

RPC

\

M

1
im
I

toroid coil .
= =

| ep— }
eric-——ab |

foroid ﬂ I
i

T S A

I

I
L

[

I

|

I

I

I

I
A

[

1

I

I

[
L

14 12 10 & L 4 2 m

MIOOHBI IIPOXOAT YePe3 BECh AETEKTOP MOUTH He TEPSA SHEPTUU
JIJ1s1 HUX ocJie KaJIOpUMETPa eCTh CIIeluaabHasA TPEKOBAs CUCTEMA

- N3mepenue (TouHbIE) Tpurrep (0ObiCTpBIE)

Id
=
-
o
-
(=]

IleHTp Monitored Drift Tubes (~1200) Resistive Place Chambers (RPC) ~600

KoHI1bI Cathode Strip Chambers (CSC) Thin Gap Chambers (TGC) ~3600 25



Run Number: 183081, Event Number: 10108572
Date: 2011-06-05 17:08:03 CEST




CeyeHue pacceaHnAa Ha bAK

mb

From N. Zimin

nh;_

LHC

lGHz

- max £V2 inpit—

| max LV1 output ———

i) 1 1 1 e I

200

500 1000 2000 5000
particle mass (GeV)

rate eviyear

10 "7

15
14
13

10 ¢

11

«XOopoLlo U3yYeHHble
npouecchi»,

HeT HeobxoAMMoOCTH
perucTtpupoBaTh Bce
CODBbITHA...

®uznka LEP - bonbworo
3/1eKTPOH-NO3UTPOHHOIO
Konnaugepa

«HoBaga ®unanka»

3TO Mbl XOTUM
BblAeNUTL U 3anucaTb
ONA ganbHewullero
aHanusa...

51



COop TaHHBIX

l

75 kHz

~40ms l

1600

farm
200Hz X

farm
nodes

nodes

Trigger

A

Rol data

<
<

dzuz

Event Filter acc ept

Event Builder

accept

Even‘t Slze ~1.5 MB

T,

8-

PB/s

Pipelines

Read-Out drives

Read-Out Buffers

Read-Out
Sub-systems
3 GB/s
Event Filter
Network
300 MB/s
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Me:xayHapOaHbBIN JINHEUHBIA YCKOPUTED

» Cnenyroiui 00s1b1101 npoekT: ILC E
« JHeprus: 2x250I'3B (upgrade 2x5001'5B)

* 1Interaction region

* 2 eTeKTopa (3-4 IpoeKTa)

Electrons Detectors Electron source Positrons
Undulator .

“rvrenenen.. Beam delivery system

Main Linac Damping Rings Main Linac

53



i byayionie 3KClepuMeHThI

* WW/ZZ — 4 jets:

CermeHTaliiist OUeHb
Ba’KHa U1

paspelleHus cTpyu!

AJITOPUTM IIOTOKA

50%/E. o 30 YACTHUI[: KQJIOPUMETP

ML

particles fraction of detector single particle jet energy

in jet energy in jet resolution resolution

charged particles 60 % tracker =~ 0.01% - py negligible
phOtO‘nS 30 o/o ECAL Z’.‘.' . l:)'f",: ‘-'l‘ \/‘F ~ Sl;7(‘ ," \'/ ]L‘)('
neutral hadrons 10 % HCAL+ECAL 2+ ~ 45%/VE ~ 15%/ VE

il paboTaeT Kak TPeKKep.

S



T{,,{j byayionye sKCepUuMeHTEI

DJIEKTPOMAaTrHUTHBIN KaﬂopnmeTp
* W/Si1 o

= Si pads
— JDJIEKTPOHUKA B JIETEKTOPE

— BX5MM? CerMeHTaIuA
— 0.6-1.2X_ cerMeHT. TJIyOUHBI

(23X,)
* W+CILIUHT. CTPUIIBL | COPPer
- DREAM: . 5
CHUHTULJIATOP+ -
YepeHKOB BOJIOKHA i Fa |

AZIPOHHBIN KAJIOPUMETP

* AHAJIOTOBBIE CIITUHT TAWJIbI
—3X3CcM?>
—KpemHeBbili ©IY

*I'a30BBIN IU(PPOBOU
—RPC, GEM, uMEGAS
—1X1CcM?

Fad amay

Whiar 5w

12mim QA% gap

S E N 2aiT

Mylar sqeet

_C|

fijminum fad



CUMHTUNNATOPDI

« BermecrBa usayuaroniye (OTOHBI IpU 00IyueHUN (HEIIPOBOIHUKH)
« Opranuueckue (Iy1acMacchl) 1 Heopranudeckue (KpuCTasljbl)...

30HHbIE YPOBHU 30HHbIE YPOBHU C IIPUMECAMU

A 3oHa nposoaumocTtu (3I1) 3oHa npoBogumocTtu (3I1)
S Q 39 (T:
o 39
2| 3-105B ‘ /77 =T .
I
M

BaneHTHasa 30Ha (B3)

Bxopsmias yacruria (U) BpIOUBaET 3/IeKTPOH B 30HY IIPOBOIMMOCTH.
DJIEKTPOH PEKOMOUHUPYET C ILIPKON WJIN 00pa3yeT SKCUTOH
(3JIEKTPOHHO-ABIPOUYHOE COCTOSIHME). 30HA AKCUTOHOB (33) Hike 3I1.
[Ipu ge-skcuTaAllM B3KCUTOHA IPOU3BOAUTCA (POTOH ().
IIpuMecu co3/1al0T AOIMOJIHUTEAbHBIE YPOBHU (3A) 1 00Js1€r4aroT IIpoIiecc.

56



@2‘ [etexTop uepeHKOBCKUX KoneLl %

=] w
BaxHbIV anemeHT
akcnepuemnta LHCb

& w
YHuKkanbvHev ana LH

& aerogel iqg 250 mrad
TTo3sonset pasnuuathb <~ IR .- / spnerica
3apsaXXeHHbIE€ YacTULlbI, gl o T 1 beam pipe

B YUAQCTHOCTU OTJILUATD -

KAQOHbI OT NUOHOB

3
OTkpbIBAET maccy
UHTEpeCHbIX
BO3MOXHOCTEu

1 Honbpn 2k+11

VELO exit window

plane
mirros

Bansa Benaes, "/lemexmopst (66eoenue)"”

photon

= detectors

33



IIpeumyiiecTBa KaJIOpUMETPOB

« YyBCTBUTEJIBHOCTH KO BCEM BHUAAM YaCTUII (3apsi>KeHbIX U HET)
« JHepreTUYEeCKoe pa3pelnieHue yaydlnaercsa ¢ E

o 1 .
KaJIOpDUMETP o MAarHUTHBIU

E JE 0 P cnexrpomerp

* MHoromnpo@uiabHbIE IETEKTOPHI
— HW3mepenue sHepruu (0OCHOBHOE IIPUMEHEHUE)

U

— HW3MmepeHue HampaBJ/ieHUs YaCcTHIIbI, HauaJjia JINBHS (cerMeHTaIs)

— Wpentundukamnus yacTtull (pa3uyHbIA CUTHAJ OT 3JI€KTPOHOB, aJpOHOB,
raMMa-KBaHTOB)

— HW3MmepeHue BpeMeHU IIPUX0/ia YaCTHUI]
— brpicTpast peaknusa — yZ00HO /iJ1si TPUTTEPHON CUCTEMBI
e JloCTaTOYHO BBITOJHBI 110 IIeHEe

— TommuHa 11 norsioeHus auBHA ~ log E (B ciekTpoMeTpe ~ \p)

(o)



l'eomeTprsa KaJIOpUMETPOB

['omorennsre/ OgHopoaaeie  Heomunopouble/ CaHaBIY

cJ104 nortomiaroInero (0oJsipiioe Z) u
JIeTEKTHUPYIOIIET0 MaTePHUaIOB

DHePreTUYECcKoe pa3pelieHmne

© (2-5%) ‘ ® (5-20%,
~VTOJIIITAHA TIOTJIOIIAIOIIETO CJI05)
CermeHTanusa

®

(momepeuHast)

©

(momepeuHas U IPOJOJIbHAN)

KomrieHcanus : pa3HUIlA MeK/Ly CUTHAJIOM OT €JIEKTPOHOB U aJJpOHOB (J1J1s
M3MeEPEHNS SDHEPTUI CTPYH)

® \ ©

Ilena

Bce aapoHHBIE
KaJIOPUMETPhI

® ©

(o]



‘OL[HOPO,Z[HI)IG KaJIOPUMETPHI ‘

v’ BestkoJsiennHOEe pa3pelleHe
(~xp2B)

o \F F<< 1 (dakrop ®ano)
% T/— Ng,=10°

f eh
E N,

X OnTuMasnbHBI )11 HU3KAX DHEPTUU
X OueHb oporue

Yepenkosn (PbO)

X Huskuii cBeToBbIxo/ (1/104 Nal)

X Il1oxas paguaniioOHHAsA CTOUKOCTD
(PbF, syure) : ,

X A < 300-350nm

NuepTHas xuakocth (LKr)

v XopoIas paguanuoHHas1
CTOUKOCTD

v' OTHOPOIHOCTH AeTEKTOpa

X HeoOXoauMOCTh OXJIAIUTEIBHOTO U
O‘II/ICTI/ITeJII)HOI‘O 060 DY/I0BAHHA

0.00/E

3.2%/ v”E D -12“”"

5% /VE
CIUHTHILIATOPHI KTEV 2=
Kaons at the Tevatron

OueHb IOIYJIAPHBI!
v'BBICOKUH CBETOBBIXO]I

v’ BeIcoKas IUIOTHOCTD

x HeHa BELLE
v/ CBoiCcTBA «HA 3aKa3»

0-0.2/E %

X He oqHOPOIHOCTD KpHCTaJIJIO@
£

-1.4% & 0

2-3%/VE & 0.5



HeogHopoaHble KAJIOPUMETPDI

ITonynpoBoaHUKOBBIE (S1)

v" BbICOKad IJIOTHOCTD
v’ Xoporuii curHai
v PaguarninoHHast CTOUKOCTDH?

X Jloporo p

ﬂ!l—lﬂ v' JlerieBo

=20%/VE(GeV)

X Husxad rjIoTHOCTD
X TTmoxad ctaOHUIBHOCTD
X I1oxad oqHOPOIHOCTD

ALEPH

v" JIerko cCerMeHTHUPYIOTCS |

NHeprHaA )KI/I,Z[KOCTI:

v Xopo1ast paguanuoHHas
CTOHUKOCTD

S

v OZHOPOIHOCTB AEeTEKTOPA
v" JIerko xajimopupyroTcs
v’ Xopolliee pa3pelleHie

X HeoOxoquMOCTDh OXJIQIUTEIBHOTO U
OYHCTUTEILHOTO 000PYAOBAHUSA

<10%/\VE(GeV)

CUMHTULIATOPEI Y

8%/\/_

1=
|
. |
s
1
\ \
A [

v'JIerko cerMeHTUPYIOTCSI
v' He noporu

v' BBICTDBIN CUTHAJT

v JlocTaTOYHBINA CBETOBBIXO/I

v KoMmIieHcupyeMble

LHCD \

X HeomHOpOHOETHh CBETOBBIXOIA

X CrapeHue, pagyanus


http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://lhcb-vd.web.cern.ch/lhcb-vd/
http://lhcb-vd.web.cern.ch/lhcb-vd/

