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ABir dedektorin- al ékma prensi bi °1 -¢1 mel
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ABalonla atmosferde y¢kseklere

yapraklaré kozmi k éxkénlarén el ektroskop i

ChehEwW! C Cert[rge‘-sinden dol ayé kapanéyO"‘r’:;' |
AEski fotojraf filmlerinin par-acéklari;
AElektrik ye¢kl e par-acéek film i-erisin:.."
A Daha sonra filmin banyosu yapeéelar ak p;
AEm¢l siyonda zaman bilgisi yoktur. Yé!ini-_\,

belirl emek m¢gmkegn dejil dir. :
A Muonvepi onkak&mnnde kullanél méexter. .‘;’J_
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AAt omun yapésénén kexkfi (1911)
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observed result
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Alkol ve Su Karigimi
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AN YEYeSOGA] FElFy dz3dzZg |y

etk &1 NNy3ISt SNA oONTNf NN¥d al ye
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Manyetik alan15000 Gauss,
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AN Muon or
» Electron

: "*\A Plastic Sclmillatorl

T ¢ddlyum, Neon veya ikisinin

{_ “ ca | NREPYMR2{ RdzNHz
= : @S 11 0PY A@SNRA X
' paralel aliminyum metal ‘
Plastic Scintillator . A ; LI | ‘1 it NJVQ | y‘ 2 f dzc
ggmﬂ"’"“ -10 kV"' . L
AY¢kl ¢ bir par-acék, dedekt°orde |
yol u ¢zerindeKki gaz atomlar éneée yoni ze eder.
ABu kéveélcemén resmi -ekil el

A Sintilatérlermet al pl akal ar araseéna

uygul anan bir Y¢ksek VolAtkagv éa tcéanme noéd atleatriek l6eore.l é y el |
AKyonizasygmi
ol duju vyer/l

myum plakal Asahwaké&nr, Steinberger ve L
er

de bir keéeveélntuéom 0n|°LtKrurnosunun kekfi (1!
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AK-erisinden y¢kl ¢ par-acékivar ge-tiJinde &
malzemelerdir. ¢ ‘

ASintil at°rden ge-en
atom/ mol ek¢l | eri ni

u e T . N
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a

ASintilat°rler genellik séveé veya plastik
|l stenilen kKekle kol ayc sokulabilirler
AOrgani k ve inorganik ol mak ¢zere neéefl

Atubuk, levha, silindir gibi deji
Alrettikleri éexkéja saydam ol mal ed
A Foton dedektorii (FCT, SIFC,vs) il e birlikte kul \\\ <l | ar

D me t
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Table 5.2.  Characteristic parameters of some inorganic scintillators [05-95] 5 S I‘:'Q S *1 l:l N.J S NJ @ IsihflRtgrierin LIt y‘ f 1
Scintillator ~ Density ¢ = Xp ™ Lot Mo dem n(Aem) € 2 8 dz y fdzZl t I NPX el ePYt Il RP]t
lg/cm®]  [em] [ns]  [per MeV] [nm] aloAdGAY @ad IAOA |1 SEfA]CT
NalI(T1) 3.67 2.59 230 3.8.10% 415 1.85 C')nemlldlr. . pure Csl Nal(TI) CsI(TI)
Lil(Eu) 4.08 2.2 1400 1-10% 470 1.96 @ i N BGO
Csl 4.51 1.85 30 2-10° 315 1.95 5 0.8 J 1
CsI(T1) 4.51 1.85 1000 5.5-10% 550 1.79 a L I ll
Csl(Na) 4.51 1.85 630 4.10% 420 1.84 @ 06 : ;
BisGe3O1 7.13 112 300 8-10° 480  2.15 5 b \
(BGO) 5 04 4
BaF- 4.88 2.1 0.7 2.5-10° 220 1.54 o . I \
630 6.5-10° 310 1.50 fg} 0.2 i’ N &
CdWO, 7.9 1.06 5000 1.2 -10% 540 2.35 B Jf / k
20 000 490 0 t —! P
PbWO, 8.28 0.85 10/30  70-200 430  2.20 200 300 400 500 600 700
(PWO) A [nm]
LusSiO5(Ce 7.41 1.2 12/40 2.6-10* 420 1.82
iso) / , [Bca1s
L ) o e o o L BC-408
Table 5.3. Characteristic parameters of some organic scintillators [S57, 95, 9., = /\
102, 103] 5 08
€ ool |V \
Scintillator base density p T Low, Nph Aem  1(Aem) + 06
[g/cm?] [ns] [per MeV] [nm)] ;59 04 I I /\ \
Anthracene 1.25 30 16 000 440 1.62 3 i
BC-408 (BICRON) PVvT 1.032 2.1 10000 425 1.58 % 02
BC-418 (BICRON) PVvT 1.032 1.5 11 000 391 1.58 =
UPS-89 (AMCRYS-H) PSs 1.06 2.4 10000 418 1.60 0 LT .
UPS-91F (AMCRYS-H) PS 1.06 0.6 6 500 390 1.60 250 400 450 500 550
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A. dz RSRS1T 0!l NI SNRS {dzf I
ASintilatorle etkileken ardaNiB@A 808 RSNSAI AT ° 0 & Lie
yayéml amaséné sajlar. It APE L YI 0AT A NI

AYayéml anan bu éexkek fot'&bmwsclﬁ:ﬁggeﬂeflealtjlohl‘pethapfpl
L1 0ABSZNERA fOYiA 6 LI NIel OP]

naftalin vestilber> 1 dzft €t | Yy P{ P N3
ABuradan kopar el an eIek&_rogg-giqll_tqgéaflj)p.ﬂsyﬁn?t[toév

carpar.

sinyal olarak aleéneéer. bl L INRARAGFEA (dzEf €1 yP{ P
] ] Radyasyon ]
ABu sinyal el ektroni k ol ajrak sikkl ener ek gelen
radyasyon hakkéenda bil giy edi nigl i
oV aVaWa Ve . o= / D-ll;l.-lm
ASintilat°rlerin bu kekil de kuIII 0 197U K -

yaygénder.

Fotokatot
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Dinotlara artan bir elektri
potansiyeli uygulanarak

» bu elektronlar
KPIfl YRPNIPI
cel N1JU P NJF

Fotol F G20 NI
POP]l SYSNE
buradan bir elektron

12 L) NI P

LOPEP S
sinyaline ceuvirirler. »

. dz aNNBoe RA
USTNINIIFYP Amaca uygun olarak En colsintilatorlerle
lazt £t yPt Yl » GANIALGS 1
RSEAOA]T 0S1

Fy2aF dzf |
toplanarak sinyal elde
edilir.

re
e
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Incoming
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Photo-

Voltage Drorpplng 7
Resistors ‘ o
= — - utp
) Power Supply ¢ sl
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Cesitli |
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24

20

|— _...._r - _%‘ L
Bialkali [K-Ca)
e +——

-
|
12 | ~ S-_— 11 |_
| ]
4 “lﬁ_‘ln ._f. e —
1 | J_
B T T T T i - b " — T
. . . f*”"’x I"-\‘ %:‘E"‘H 520 _
¥ . I % 11 L i i [ = - Entended S5—210
C2 021 | kakekidridtikbIelikleri . i L\ s
- o i B :AII window rniuurull.! .
Tahble 8.1. Photocathode characteristics (from RTC catalog [3.3]) ‘ - *—--iFul-rd- .-..ll-ca rllinduvrl-'—i— - _q}\_"*--.ﬁ:"
G I - - : .-.-ﬂ
Cathode (ype Composition A at peak Quanium efficiency oo 200 200 Al Sl 00 BEDU .
response [nm] at peak 4 é’“ #rath n I I f f 'P I
u
S Ag -0 —-Cs A 0.36
54 SbCs L] 16
S0 {A) ShiCs A4 17
Super A Shs 4400 22
513 (L) SbCs 440 17
S2000T) Shia = KCs 420 20
S20R ShMa - KCs S50 ]
T SbhiMa — KCs 430 20 il
secondary lectrod
Bialkali SbRb — Cs 420 26 slectrons glass tube (glass coating)
Bialkal Sh—K-Cs A 26 A Ve outgoing
Bialkali DL Sh—K—-Cs 400 26 primary elactrons
SB Cs—Te 235 10 radiaton . - W .
high voltage
Fig. 5.34.  Working principle of a channel plate [112] (left) and microphotograph
B . of microchannels (right) [121].
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Electrode

$i0, AAPDonearpl ns é

PI'N diyotl ar a

+ ve nHd) v
ur .

t ¢cketim

Antireflection coating =]

Guard ring —

l P
- ol uKk
' AKat késéez b°lgede
nazaran daha incedir.

Avalanche breakdown n
(b) A p+ bolgesi anot, n+ bolgesi ise katot gorevi gordir.
E) Multiplikation
Absorption <« »
Acej et ki siAyalamhelbreakdownina d{ yot y¢ksek ters gerili me me
ATers ©°ngerilim (bias voltage) t¢ketim(depletion)
A Gelen eékék n+ b°lgesine girer ve y¢ksek -dexiek-1if 1
yar at ér .,
AGorece d¢kek elektrik alané bu -iftleri birbirinde

el ektri k al gn+éhdlgedine stcikliethiu J u
ABu y¢ksek héezlé y¢k takéeyeéecel ar-deikjikr -atfdahlearn!| & a+ a
e-h ciftleri yiksek foto-a k ém ol ukmaséna yol a-ar.

UPHDY&XV, 510 Eyliil 2023, Bodrum Tal 5dzYlFy2¢€fdzZ 4dzl dIN2 DI «yYADSNBAGSEA 15



CIF FOTOD TYOT+CT KAR ILA TIRMASI

¢ é Fotodiyot Fot o-oTupl t écé
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A Geigermodunda al ékan APD pi ks
AHer piksel bir foton al
ASinyal -ékékeé be¢gten pik
APi ksel boy ul>lammeadendOxie0m?
dej I KI r .

A Yiksek kazang10°-107),
A Kyi zaman -
A Manyetik alana

el l erlfi nden Jol ukan f ot on
gél adéejéendal bir sinyal
E g II‘ S|h|n yil ller i ni nGeigeLm&eQPD'pixQ
adar e -

A A 2 X

S I I
hole Quenching resistor
electrons

duyarseéezl ék
A Kicuk boyutlar ,
AD¢kek(<100V]

voltajeée.

Kritik hususlar : Dinamik skala,

ger el t ¢g(karanl ék
Konukma, tepkli
sécakl ekl a
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G.Collazuol

Many institutes/companies are involved
in SiPM development/production:

* CPTA, Moscow, Russia
 MePhi/Pulsar Enterprise, Moscow, Russia Philips
« Zecotek, Vancouver, Canada CMOS |
* Hamamatsu HPK, Hamamatsu, Japan

« FBK-AdvanSiD, Trento, Italy

* ST Microelectronics, Catania, Italy

« Amplification Technologies Orlando, USA
* Sensl, Cork, Ireland

e MPI-HLL, Munich, Germany

* RMD, Boston, USA

« Philips, Aachen, Germany

» Excelitas tech. (formerly Perkin-Elmer)
 KETEK, Munich, Germany

* National Nano Fab Center, Korea

* Novel Device Laboratory (NDL), Bejing, China
« E2V

* CSEM Amplification

Technologies
(DAPD)

Gain

5.0 % 10° (Ta=25 "C)

4.5 % 10°

4.0 % 10°

3.5 % 10°

13
3.0 x 10 -
2.5 x 10° — —

2.0 % 10° ]

1.5 % 10%

1.0 % 10°

5.0 % 10*

70.1 70.3 70.5 70.7 70.9 71.1 71.2 715 71.7 71.9

Reverse voltage (V)
]

[Figure 7] Gain variation vs. temperature (at constant voltage)
(a) $10362-11-025U/C

5.0 % 10°

4.0 % 10° Py
""\.\_\
3.0 x 10° \‘k
= \
= M = 2.75 x 10° T~
U] \
20x10° S~
1.0 x 10°F
0
0 10 20 20 40
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®Donor ion
+ Hole

P -
- Electron 9 g g @g g g } ® © © Depletion
Q ® ® — without _
LeirRE |12 8.8 ° LT e Ters polarizasyon
|

- : 1 ’ﬂ' - '] .

2 B .—J5 o s fmb—.  uygulanarak ince tiiketim
e ¥t NPyo RS einp-o ¥ R 6l f3Sar ISy,
bdlgesine diflizyonu | Depletion |

K —] -

Dopant - - h{ dzpdtayisiyd ¥ I NJ P ) _ ) _
>~ difiizyonu durdurur A Tiiketim bolgesinden
©)  Space | TV O SlenmdaBoles eN]TtN OANJ LI
Depletion ‘. .
density L ™ /O Siepldyamaiges —~ _ Zore olursa yolu uzerinde
, | Bias a a i S &
g  Same . T W SfSlgN\Ey RSC
1 Deplasyonbélgesinde serbest yiik — +e—4-2) o N\ if—- 2t dzo U dzNXzNJIp
. takéyéeceéelareée bul poi A
e) E}ﬁﬁmc > Degletio - ~
e Zone A.dz 8Nt SNAY
Bias ~ w v
. arAyel t 2t dzol
o — y
—_— :

(A.Peisert Instrumentation In High Energy
Physics, World Scientific)
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Strip
Detectors
Micro-strip detectors ~300um strip
Sum-20um strip dimensions dimensions
Woltage Readout
' Electronics
Houm |
— lum Aluminsum
| ] - DEum Sidy
£\ " pt-Implantation (Boron)
a4 ] ! Si-crystal
§ 4. [n-lype)
l : T "= Implaniailon (Araenie)

T lwm Alurniniam
“Bond pags”

==

Si-drift

[ 1, 1 R—

ot £ detectors __
%mpn 3 Gatti & Rehak 1983 )J

Electron Poteniial

Drift time o position
Excellent energy resolution at
room temperature

1

Electron
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AYaré iletken mal zemel er d
A n tipi bir g°vde ¢zerini
veya pi ksel ol arak Dbirik
A Govdeden gecen radyasyon, gévdede elektron ve
deki k -1 ftlerinin ol ukma
AOlukan bu y¢kler bir pot

toplanarak sinyal elde edilir.
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Elektrik yiikl

AY¢okl ¢ par-aceéekl ar ge-tikleri ’ adeskli g
eder. \ )

APozitif iyonlar katoda negatif oda
hareket eder.

AAnot ve katotta olukan sinyal al
AGaz ol arak genellikle ye¢ksek k z | a
AGeiger-M¢ | | er sayacé tipik bir gaz

AAnotta olukan sinyal sese de - ebil

APar -acéjén kimlif)j.i belirl enem —— t e
radyasyonun kKiddeti hakkénda i ol un

r;‘:‘l'\ﬁk A TeSNAaAAYRS 3T R2fdz 6!
Wy 628dzy Ol 3IASNARE YAD 6 A NJ
A Ortadaki tel ~ +2 kV, metal kdpa S 0 2 LINI | ]
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SURUKLENME ODACI  FI

AYapeseée djgg=z=lréetckeddaekt°rl ere -ok benzer

Inslator strips

Atal exkma prensi bi par-aceéjén ge-

| -1 n ge-en s¢reyi belirl eyerek

42 mm -

AZamané baklat komutu dijer bir dedektor (sint |

scintillator

TDC

. Start \ revisionworld £

Seintillatien \

counter
m”m”

:\ Cathode — Dfl’..i’i’t/x;e \
 dift  y#® anode %
. Flald fon:mng

: atrips

I Drift field Counter .
b ’ > b ) > ) voltage wltage 7
low field region high field region : :
—> drift — gas amplification + 7

|
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ELEKTROMANYET 'KDU

photon (Pair Production)

AKal en bir so¥urucu czerine n ( o ene.
el ektronlar/totonlar bir EM ol ar
ADuk, frenl domrasstléahdué\qh\aes;i_ﬁ (
ol ukumuyl a ger -ekl exkir. -
ADukun gelikimi esnasénda d )
par-acekl arén sayésé artar e |
AEnerji kritik dejere ul ake i
ve duk geli kimi s°nmeye Dba v
ABu dur umda iyonizyenave Wdenhaaaluyla
enerj i kaybet meye bakl ar
e- 100 GeYianquid Knrpton e- 100 GeV in Liquid Krypton
| d)pHotohis .~/ b.) charged particles
100GeVd | k el ekt

5 NA48s e v € Krip

2 kal ori metresi

dukun GEANT4

6 similasyonu.

8
Kabarcék odasénda °|
e I e k t r 0 ma n y et I k d u K 135 1~ 225 |27 0 4.5 9 13.5 |18 225 277 S O I d a d u K t a k I
Ara b°l meler kurkun “pi —a'rdan otuktyo sajda elektro

UPHDY&XYV, 510 Eyliil 2023, Bodrum Tal 5dzYly2€fdzZ 4dzl dIN2 D «yYADBSNEAGSEA 24



HADRON K DU LAR

EM
BILESEN

HADRONIK
BILESEN

4
Sa -
e Agir Parcalar

Maviler, yiklt hadronlar k ér mez él ar , em bil eke

N¢e kl eer  Et ki I=Enerjitikbir bedranaid bir j u
n¢ekleer etkilekime girmedegn| HadrankidiukelcaT i esleelbotes o maony et i Kk dukun
/ 3 5A1/ 3 _2 gostermezler.
AHadronikduk !l arén °1 -¢:,m¢ EM dut | r

AHadronkkdukl ar EM dukl ardan ol
AOl duk-a dejikik ve kar mackeé

e geni Kk

AEMve hadroniko |l mak ¢zere i ki bil
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4 Ttttk Fizils [0 D@mn@gn

/T sovstast secter DU T N GENEL TANIMLAR
e(Fe) =22 MeV
Kritik Enerji(e)= Radyasyonl a ol an @(@uy—rnge\/kaybenena
Il yoni zasyonla ol an enerji lé(@by.b7e3rM%Ve|R'Ntl | :luylLe\énxrjl
dejeri. eU) = 6.5 MeV M
e(Ar) = 38 MeV e( e\/)
Par - aceé] ekrittkenergd ¢ ji &1 i, ne
dewtelende duk gelikimi fdurwg . o0 ar e Rapkailik enerjideki bir
_61MeV el ektronun bir radyasyon
- etti kten sonraki ortal ame
Z+1.24 Olcusuddar.
Radyasyon uvgz=sBl ektufonun |1/ e Odatarma&serthest yol =Enerjisi bir elektron-pozitron
b¢téen enerjisini éexkéema il e |dftayarbtmaya yetgcek biofatanunicift yatatmmadan
5 °nce gidebilece] L WKiral ame
« —__ 716gcmi®A
0= _ . BT .
Z(Z+1)In(287/\/2) N¢ kl eer Et k! | el B(:Enerjltlkltmr_lmadﬂonum hiir ( | |
negkl eer etkilekime girmeden gidebil e

. dz LI NI YSGNBE SNI LI Nel OPEPY Sijl/f_—sgiﬁﬁlpg@ﬁ‘ﬁ?éym
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KALOR METRELER

AEnerji ©°l-mek i-in kullanéleérlar.

A Kalorimetrelerhem y ¢kl ¢ hem de y¢ksegz par-acéklara duyarl|l é
AY¢iks¢z par-acékl ar madde i1l e etkilekir ve y¢kl ¢
n

AKal ori metrel eri boyutl ar é ener jiyle |l ogaritmik o
moment umun karek®°k¢yle dejikir.

ABu ayné mertebedeki °l-¢mler i-in kalorimetreler
AB°l ¢mlendiril mik kalorimetreler duk hakkénda daha
ve a-€ésé daha hassas °I| -¢lebilir.

A Elektron, muon, hadron, é par -acéklara verdiji tepkinin farklI é

I -1 n kull anélabilir.

AHézl e yanét zamanlaré, y¢ksek par - bEEG&pownlaamt ar énda
25nso6de bir kesikiyor.

AEnerjinin kalorimetredeki dajéléem deseni hézl & onl
AKayéep enerji ©°1 - ¢Herenétiksk)iBu ¢lcurk fioginovee zalk®©fr et ki | eken p
l pucu ol ukturur.
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4“”@_m HOMOJEN KALOR M™ETRELER

| S@mEieay

/

ATumdedektorl & gideeryaldard | LR KIP SNBIA v
BGOCsl e= saf EM tepki

A9y oNeéeN] Fglyualatl NP YN SYhSEhaGghkhBKi| o
4NY1N 3ISEtSYy LI Nel OPEPY ONUNYy SYySNEAAA
RS LJ2 f |'Y'|?|>|3DA A A e/ h =1 Telafi edici
A.28dzyl OGS SYAyS OS1TAfESYRANAE YSE SNRA ez
_dz RIF LI Nret OP1 GFyPYt |l Y a8 hpsS Liekfyetmeyici f
Rdzé dzf RdzE dzy R RSIT I gF y il 2RPNI®

ACSEFTA SRAOA RSEAf RANI SN GS dzé 3dzy YI U S
YN1 € SSNI SU1Af SOAY dzl dzyf dz€Edzyl &t KAL) 2f F
olarakhadron] I t ZNAYSUNBaA 2t NIl 1dzttl yPt PNI
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HOMOJEN KALOR METRELER

AYar éiletken kalorimetreler
AKyonize izler yar éi lvidanskbeam dmantdear yed leikrt rii lke tsiin
yolacanelektron-de ki1 k -1 ftl er | ol ukturur.
A¥rnejin germanyum ve silikon kristaller.

A Cerenkov Kalorimetreleri
A Ortam saydam bir materyaldir.

Acéej i - e relatwistik elektdon ve pozitronlar Cerenkové K @né ména y o | a-
ASi nyal éekék formunda toplanabil ir.
AYaygén kul | an é-ktamikalotimepelegli. | Kur Kun
A Sintilasyon kalorimetreleri
A Ortam iyonize yiklerin floresansy ol uyl a ékék ¢retti kIl er | bir

A¥r nej i nCsl Bo®0O4 gibi.

A Soy-gaz kalorimetreleri
A Ortam krojeniks € c a k | & k | &srod a a-z dAakr,Xe).m
A Hem iyonizyon hem de sintilasyons onucu ol ukan sinyaller topl
AGeni Kk skal adaki yéeksek ener i uygul amal ar é

UPHDY&XV, 510 Eyliil 2023, Bodrum Tal 5dzYlFy2¢€fdzZ 4dzl dIN2 DI «yYADSNBAGSEA 29



HOMOJEN KALOR ™ETRELER

Nal(T1) CsliT) (sl RN W0, AT Kr Xe
yogunluk (g/cm3) 167 4.53 4.53 713 %28 7 18 36 58
{cm) Y &) "3 83 } 549
X (cm) & ]‘. |5 1.12 o A 40 ]4 131
bozunum zamani(ns) 250 1040000 10 i) 3 Xy (cm) . )
yavas h”Eﬁ-EH 3 15 RM’ (Cm) ‘ 7.2 4.7 4.2
yayinim tepesi(nm) 410 565 05 410 440 Yogunluk (g/cm”) 1.4 2.5 3.0
yavas bilesen 480 Iyonizasyon Enerjisi (el7¢ift) 23.3 20.5 15.6
stk giktist ¥ MoV 4x 1 sxi dx 1 8 10 1.5 107 Kritik Enerji (MeV) 417 215 145
Fotoelektron giktisi I 0.4 0.1 0.15 (.01 Doyumda siiriiklenme Iuzi (mm/us) 10 5 3
(Nal gore)
Radyasyon dayaniklihgi|Gy) | 1) Tix | 10F

Ortalama serbest yol = Enerjisi bir elektron-pozitron
Kritik Enerji= Radyasyonl a ol an| en eGfi yaratmagayy@t%:qk Birfotonun cift yaratmadan

iyonizasyonlaol an enerji kaybéeha ekN€eogbdehl baee] k@K jtral amse
dej er| Molierey a r &= Kxripikéenerjideki bir elektronun
Par-acéj élitkemeid ¢ sii i ne bir radyasyon uzunluju yol
_ o ) : : ortalama sapmasénén °1| - ¢s
d¢kt ¢] ¢nde duk gel i Ki mi durlur.

Radyasyon gEUektyYonun 1/ e N
be¢eten enerjisini kaybettij‘n

C\-ﬂl*

§§L5 Et ki | eknerik by hadronurubjr u
SEfrugi )l exime girmederq
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HOMOJEN KALOR METRELER

3662 kristal iceren Kapak

D kalorimetresi

CMSO6in El ekromanyet.i
Kalorimetresinin (EKAL) kristalleri
Y¢éksek yoj unl u8k8g/cm3
Késa radyasyon0.88amunl
Klcuk Molierey ar & - a p2d9cm
Késa bozunum zlansam é

Lead Tungstate crystal SIC-78
Sfrom China

\

| kKék -ékexke (BGOO6 n u+n5%
Radyasyon dayanékl ée.
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HOMOJEN KALOR ™METRELER

F e:-

3& Supermodul (h er

18 tane)
61200 Kristal, 67.4ton

Kapaklar:

14648 Krital, 22.9 ton

30 x 30 x 220 mm3 (24.7 X0)
Vakum foto-triyot

X 24 x 230 mm3 (25.8 XO0)

- éfpto-diyot

-y ar

D+
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o s s ORNEKLEME KALOR  METRELER T

/ Twekish Physical Society

A Cozunurluklerinin homojen kalorimetrelerden daha kotu i
ol maséna raj men, °rnekl eme | OO S B oer i
ve enine bl ¢imlendiri | mel er _"_| T | ar ak
) ) . [

ADaha iyi konum -°z¢nerl ¢ ¢ DL < tan
sunarlar. [ T VAATR

— — - — . . . 8 FTTIAT g
AHé zl andeér ecél ar kadronkalorimeteles a | —

ol arak kullaneéel érl ar. (TR ]
AKabul edilebilir dedektérk a | & n | &<Rrh) getedin d a

etkilekim uzunlujJu sajlarl e
ATel efi edici yapeéelabilirler
AKul | anél an aktif el emana g¢ 1dér é
ASékl ékl a kullanélan sojuruc er :
bakér ve uranyum.
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/ Twikis Seeihy

AKul |l anél an
AKul | anél an

ORNEKLEME KALOR

°rnekl eme
akti f materyal

METRELER T
kK al QPSS ECPNr

ASintilasyon kalorimetreleri  [Ar gonu s &

A Gaz kalorimetreleri
AKat ehal ka
Aseve kal or

UPHDY&XYV, 510 Eylul 2023, Bodrum

Ve

\Y

S @ dur ui
Kalorimetre -184AC6 de t ut

Amlivionmie ter e |
K i I K¢ U o ! a l
Cllj.h/kea:;ttorﬁel%k!rot?alf
Bokl ukl| arAdan.

er i
ar

Seve

ag set = SO S S S S

r (HV ve sinyal icin)

ATESNMZ
kalorimetrelerdir.

ATt SNR
module sahiptir.
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ORNEKLEME KALOR METRELER

Wavelength-shifting fibre

Steel

Scintillator

A Karo(Tile) Kalorimetre y a k|l akék 2.6m uzunl
420,000 plasti k sintilat 6rden(40ton) karodan

ol usur

AUzateél méek iki feée-ée kalorimetr
kamadan ol ukur

ASintilatorde ¢retilen éexkeéek| fo
kaydéréecée fiberlerle takeén|ér
A9500 tane foto-ojaltéceée t¢lp v
A2900 ton ile ATLASO6én en af ér
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Cms hadronik kalorimetre

AYiksek yojunlujundan SRkarofardan yayeml a
R i olarak prin¢ (%70 Cu ve %30 Zn) 425nm (mavi-mor)
w=cnl kul T Taneler. | A Dal gaboyu kaydeérec
A Fé-é& hadroni k kalorim 8 {@90nm) cevirir
uzunlujunda 1 ki par - a KA Ve kil ekéek saydam
AFe-e y¢ksek manyetik Jearafendan megakart
bulunur. | o bulunan bajlayeéecel
A Méknatés i-erisindeki fe-e kalegkéhéryeterl |
ol madéjé i-in méknat e d é K : a——s+nt—+—+at°
tabakal aré yerl exktiri
ABirlexkik fé-é& deddlt©
A Megakarol ar be¢yek sinft rede
A BunlarDhl Df=0.871087boyut | ar g
karolara bolundar.
A Megakarol ardan gel en |é
dal gaboyu kaydeéer éceée f]i | ané
A Fiber -apée 1mm dir
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ORNEKLEME KALOR ™ETRELER

4hY T[OWT| Y![hwTa9¢wo

|||||||||||||||

Yandan goriintis /) /ekiane fototiip
o

e s A Demir i -erisine yerlexktirilmik op
ASinyal creti mi -erenkov mekani z ma
AFiber i-erisinde ¢retilen éexkék vyi

fotote¢plere takeéneéer.
A Radyasyon dayaneékl|l edeéer .
ATé¢e¢rkiyednin CMS deneyinde en|-ok
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METRELER

ORNEKLEME KALOR

k1 N DEMET

16 ik T al f——  ———
15 111 il it I I i i
11 il 1] i i i /T T
3 [1] M il i i i I T / s
I 11 N it} i il [/ T

i I 1l I i i I/ T T

10 i Il [l 1 i /T T Y / P

9 1 11 {11 I i T Sy Y
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7 [ 1] ] 1] i [/ T I / / / L7
L6 I 1 1 [ fl [T T i
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@y T O T N 1 B 1 R B T B S ¥
o1 1 o Y O SN 7 S /Y I/ B T A I T A T T I ¥ L0
I O O Y £ Ty N ¥ A ¥ ¥ A
0| i e
5. Piperor

A5SGS10al
A Cok hassa¥ ce2 |
A Cok ucu' yetersiz hassasiyet
Attryitlylry RSRS{TUOI NI SNAY &
Amy OS LINRPUOGALX SNJ & LJIPft PNE P
AcSad azydzef NPyl 31 NB N
02&dzif dz RSRS{1 Ul NJ Ayol |

LJ- K P

Ksa Dumanojlu, ¢ukurova | niversiteggi
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LHC DEDEKTORLER T

Al a{ @S lt¢e[!'{ 3T

AHiggs SM, SM Otesi

All/ o @S ' [L/9

Al 1/ .2 . CAIAEA
[ T/ 9 ! EPNJ Té?2
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HIZLANDIRICI DEDEKTORLER

Tracking Electromagnetic Hadron Muon

X - Heavy materials
chamber ralarimeter  rcalorimeter chamber

eg. Iron or Copper +

ASojansée yape

active media
photons
AKzl eyici, EM , HA me t
J
et
A -
- En déexta muon de
muom == L ; - d 6.920 m
— Pixel detector — Z 5k W’\\
n¥ p Si Tracker 74 > SN osom
. 2R om tracker
—_— EM calorimeter . \ \\ = ,? - e.m. calo
n Hadron calorimeter ) ) \I\V yv Bl hadron calo
] Solenoid coil (4T) _ /// u detectors
Innermost Layer... P .. Outermost Layer e Y / v High Z materials
— E‘P x eg. lead tungstate
Muon chambers =X Towards Lightweight Zone in which only crystals
. a T Al il materials v and | remain
" Muon
Elﬁggser& Hadron (e.g. Pion) } N o
T st AY¢kl ¢ par-acéklar izleyicide

A Elektron ve fotonlar EM kalorimetrede

A Hadronlar (proton, nétron, pion, vs) hadronik kalorimetrede
AMuonl!l ar en deektorirde olcifim. o n

AManyeti k alan par-acék izlerin
o S aj | ar |l ar .
UPHDY&XV, 510 Eyliil 2023, Bodrum Tal 5dzYlFy2¢€fdzZ 4dzl dIN2 DI «yYADSNBAGSEA 40




oFY T e Dy ATLAS VE TURKUN TWERS TELER T

ATLAS: A Toroidal LHC Apparatus

ATLAS detector ==

: ” t t 3000 181
Solenoid Hadronic Tile calorimeter UG SpECUDMESIST Scientific authors Institutions
"
<> iy
42 1200
Countries Doctoral students

et e i

P Turkey

7 TeV 2 ATLAS institutions (6 institutes)

37 (16) ATLAS members (authors) of which 7 students

Funding agency (contact physicist): Turkey (Metin Arik, Serkant Cetin)

Member institutions:
22 m « Bogazici cluster: Department of Physics, Bogazici University, Istanbul &,
- Department of Physics Engineering, Gaziantep University, Gaziantep @,
Inner Detector ; ; Istinye University, Sariyer, Istanbul @, Department of Physics, Istanbul
inner peteCloi ;

Electromagnet|c calorimeter Toroid University, Istanbul 2
« Ankara cluster: Division of Physics, TOBB University of Economics and
. 7 - - 7

CALOR2006, Chicago 44 m TOtal Welght . 7000 t Technology, Ankara (4, Department of Physics, Ankara University, Ankara (4
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/ Torhisk

1
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SILICON TRACKER 3/| 03 1 031 269 24/' 54

Microstrips (80-180um)

Pixels ~200m? ~9.6M channels
4 CRYSTAL ELECTROMAGNETIC
Tracker /’_‘"’: = o CALORIMETER (ECAL)
ECAL )ﬁ; \ 4 ~76k scintillating PbWO, crystals
4 . = ‘

A=2X

. l v W
zolenoid S\ PRESHOWER
Stee' Yo ke / _— Silicon strips
Muons / ~16m> ~137k channels

//A )
STEEL RETURN YOKE

~13000 tonnes

/

SUPERCONDUCTING |

SOLENOID ’ S 4 QY Py - \
Niobium-titanium coil / il \ 14 b ;
carrying ~18000 A e = | / Y FORWARD
7 . A K ' CALORIMETER
Ve ’ - Steel + quartz fibres
. HADRON CALORIMETER (HCAL, ) Tt
Total weight : 14000 tonnes Brass + plastic scintillator g

Overall diameter :15.0 m ~7k channels 2 053 ,I OSO 1 031 9 .a_" 8
Overall length :28.7 m ) ) _ L i A
Magnetic field :38T PHYSICS DOCTORAL ENGINEERS UNDERGRADUATES

A typical CMS physics paper will be signed by the PhD physicists and a significant fraction of the doctoral students
meaning it will typically have about 2100 signatures.
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ADANA -CUKUROVA - CukurovauUniv.,Adana

35CMS Members including27 scientists 13 Physicis{s) 0
engineefs) 14graduatés)

8 Undergraduatg), OAdministrativegs), OTechniciai(s)

ANKARA -METU - Middle East Technicdlniv.,Ankara

26 CMS Members including 20 scientists: 13 Physicist(s) 3
engineer(s) 4 graduate(s)

6 Undergraduate(s), 0 Administrative(s), O Technician(s)

BOGAZICI - BogaziciUniv.,Istanbul

21 CMS Members including 13 scientists: 6 Physicist(s) 5
engineer(s) 2 graduate(s)

8 Undergraduate(s), 0 Administrative(s), O Technician(s)

ISTANBUL -UNIV - IstanbulUniversity,Istanbul ISTANBUL -TECH - ITU,_IstanbuI. | N
18 CMS Members including 17 scientists: 9 Physicist(s) 110 CMS Members including 6 scientists: 5 Physicist(s) 0
engineer(s) 7 graduate(s) engineer(s) 1 graduate(s)

1 Undergraduate(s), 0 Administrative(s), 0 Technician(s) 4 Undergraduate(s), 0 Administrative(s), O Technician(s)
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https://cms.cern.ch/iCMS/jsp/secr/stats/cmsMembers.jsp?LAB=ANKARA-METU&display=list
https://cms.cern.ch/iCMS/jsp/secr/stats/cmsMembers.jsp?LAB=ADANA-CUKUROVA&display=list
https://cms.cern.ch/iCMS/jsp/secr/stats/cmsMembers.jsp?LAB=ISTANBUL-UNIV&display=list
https://cms.cern.ch/iCMS/jsp/secr/stats/cmsMembers.jsp?LAB=BOGAZICI&display=list
https://cms.cern.ch/iCMS/jsp/secr/stats/cmsMembers.jsp?LAB=ISTANBUL-TECH&display=list

[ a{QbLb Y!t!Y YL{aLb5!b . Tw
GORUNTU
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