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Ölçülebilir tŀǊœŀŎƤƪƭŀǊ

Dedektör ȅŀƭƴƤȊŎŀ άƪŀǊŀǊƭƤέ ǇŀǊœŀŎƤƪƭŀǊƤ görebilir:

Elektron, müon, pion, kaon, foton, proton, nötron

https:// repository.cern/records/7e0p4-dy664

https://cms.cern/book/export/html/1618
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https:// indico.cern.ch/event/43007/cont
ributions/1065007/attachments/927852
/1313685/DetectorHistory.pdf

Dedektörlerin Tarihsel DŜƭƛǒƛƳƛ



4

tŀǊœŀŎƤƪƭŀǊƤƴ Tespiti ve Ölçümü
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tŀǊœŀŎƤƪƭŀǊƤƴ Tespiti ve Ölçümü
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tŀǊœŀŎƤƪ - Madde 9ǘƪƛƭŜǒƛƳƭŜǊƛ

Yüklü ve nötr ǇŀǊœŀŎƤƪƭŀǊ için ŜǘƪƛƭŜǒƛƳƭŜǊ ŦŀǊƪƭƤŘƤǊ. 

Elektromanyetik ve güçlü ŜǘƪƛƭŜǒƛƳƭŜǊ için süreçlerin "ǀƭœŜƐƛ" ŦŀǊƪƭƤŘƤǊ. 

ω Yüklü ǇŀǊœŀŎƤƪƭŀǊƤƴ (e, ‘, “, K, p) tespiti (TȅƻƴƛȊŀǎȅƻƴ, Bremsstrahlung, Çerenkov Χύ
 
ω ɹ-ƤǒƤƴƭŀǊƤƴƤƴ tespiti (Foto/Compton etkisi, çift üretimi) 

ω bǀǘǊƻƴƭŀǊƤƴ tespiti (güçlü ŜǘƪƛƭŜǒƛƳ) 

ω bǀǘǊƛƴƻƭŀǊƤƴ tespiti (ȊŀȅƤŦ ŜǘƪƛƭŜǒƛƳ)
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Ölçüm Teknikleri
tŀǊœŀŎƤƪ 9ǘƪƛƭŜǒƛƳÖlçüm Yöntemi Ölçüm /ƛƘŀȊƭŀǊƤ

Elektron/MIP TȅƻƴƛȊŀǎȅƻƴYük Silikon, ƎŀȊƭƤ dedektörler 
+ yük ölçüm sistemi

Elektron/Hadron/
MIP

TȅƻƴƛȊŀǎȅƻƴ/¦ȅŀǊƤƳOptik Sintilatörler + 
fotodedektörler + yük 
ölçüm sistemi

Elektron/Hadron/
MIP

Foton ȅŀȅƤƭƤƳƤOptik Radyatörler 
(Cerenkov/ƎŜœƛǒ) + 
fotodedektörler + yük 
ölçüm sistemi

Elektron/Pozitron/
Foton

Bremsstrahlung, 
çift ƻƭǳǒǳƳǳ

Yük, optik Elektromanyetik 
Kalorimetre

Hadron (nötron) Elastik ve nükleer 
ŜǘƪƛƭŜǒƛƳƭŜǊ

Yük, optik Hadron Kalorimetresi

Nötrino ½ŀȅƤŦ ŜǘƪƛƭŜǒƛƳYük, optik DŜƴƛǒ hacimli asal ǎƤǾƤ 
dedektörleri



Güncel Büyük 4ŀǇƭƤ Deneyler

LHCb
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CLIC

https:// arxiv.org/pdf/1812.07987.pdf
https:// indico.cern.ch/event/727555/contributions/3461232/attachments/1
869213/3075082/fcc_hh_detector_brussels_june_2019_riegler.pdf

https:// indico.cern.ch/event/438866/contributions/1085066/attachm
ents/1258651/1859171/ehsumRome.pdf

https:// indico.cern.ch/event/766859/contributions/3252652/attachm
ents/1775501/2887061/FCCeeDiscoveryPotential.pdf

Gelecek Büyük 4ŀǇƭƤ Deneyler - I
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ILC

CEPC

MuCol

DUNE

Gelecek Büyük 4ŀǇƭƤ Deneyler - II



Güncel Dedektör Teknolojileri 
ve 

Yeni Trendler



CMS ATLAS ALICE LHCb

TȊŎƛ !ƭƎƤœƭŀǊ Silikon Silikon+Sürüklenme 
Tüpleri (DT)+TRT

Silikon+Zaman 
Projeksiyon hŘŀǎƤ 
(TPC)

Silikon+Sürüklenme 
Tüpleri (DT)

Elektromanyetik 
Kalorimetre

PbWO4 kristal Pb/LAr akordiyon Pb-sintilatör 
shashlik

Pb-sintilatör shashlik

Hadron Kalorimetresi 
- Barrel

Brass-scintillator 
tile

Fe-scintillator tile Fe-scintillator tile

Hadron Kalorimetresi 
- Forward

Brass-scintillator 
tile

Fe-quartz fiber

Cu/LAr

CuW/LAr W-quartz fiber

Muon Sistemi Sürüklenme tüpleri 
(DTs)

Katot ǒŜǊƛǘ ƻŘŀƭŀǊƤ 
(CSCs)

Dirençli levha 
ƻŘŀƭŀǊƤ (RPCs)

Sürüklenme tüpleri (DTs)

Katot ǒŜǊƛǘ ƻŘŀƭŀǊƤ (CSCs)

Dirençli levha ƻŘŀƭŀǊƤ (RPCs)

Thin Gap Chambers (TGCs)

Katot ǒŜǊƛǘ ƻŘŀƭŀǊƤ 
(CSCs)

Dirençli levha 
ƻŘŀƭŀǊƤ (RPCs)

Çok telli ƻǊŀƴǘƤƭƤ sayaçlar 
(MWPCs)

Gaz elektron œƻƪƭŀȅƤŎƤƭŀǊ 
(GEMs)

Güncel Büyük 4ŀǇƭƤ Deneylerin Dedektör Sistemleri
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Silikon Sensörler
Geçen yüklü ǇŀǊœŀŎƤƪƭŀǊ, ōƻǒŀƭƳŀ bölgesinde (depletion 
region) (standart dedektör ƪŀƭƤƴƭƤƐƤƴŘŀ ȅŀƪƭŀǒƤƪ 30.000 çift) e-
h+ çiftleri ƻƭǳǒǘǳǊǳǊ. Bu yükler elektrotlara ŘƻƐǊǳ sürüklenir. 
Sürüklenme (ŀƪƤƳ), her ǒŜǊƛŘŜ ōŀƐƭƤ bir amplifikatör 
ǘŀǊŀŦƤƴŘŀƴ ƎǸœƭŜƴŘƛǊƛƭƳƛǒ sinyali ƻƭǳǒǘǳǊǳǊ. Bireysel ǒŜǊƛǘƭŜǊŘŜƪƛ 
sinyallerden, geçen ǇŀǊœŀŎƤƐƤƴ konumu belirlenir.

Standart n-Si ǒŜǊƛǘ sensöründe:
Åp+n ōŀƐƭŀƴǘƤǎƤ: Na Ғ млцъ ŎƳѐшΣ bd Ғ мςрϊмлцч ŎƳѐш όŀΥ 

acceptor; d: donor)
Ån-Si: ́  Ҕ н kʍcmỄ ƪŀƭƤƴƭƤƪ 300 ˃ m
Å4ŀƭƤǒƳŀ ǾƻƭǘŀƧƤ < 200 V.
ÅOhmik ǘŜƳŀǎƤ ƛȅƛƭŜǒǘƛǊƳŜƪ için arka planda n+ ƪŀǘƳŀƴƤ
ÅAlüminyum metalizasyon

M. Krammer, F. Hartman

https:// indico.cern.ch/event/124392/contributions/13
39904/attachments/74582/106976/IntroSilicon.pdf
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Silikon  ŜǊƛǘ Dedektör Modülü ̧ ŀǇƤǎƤ

M. Krammer, F. Hartman

https:// indico.cern.ch/event/124392/contributions/13
39904/attachments/74582/106976/IntroSilicon.pdf



ÅHibrit Silikon Dedektörler

Silikon Sensörlerde Yeni Teknolojiler  - I

https:// indico.cern.ch/event/1232761/contribution
s/5338927/attachments/2629874/4548397/silicon-
sensor-technologies-future-ee-
colliders_BTTB11_17Apr2023.pdf

LGAD ς Low Gain Avalanche Diodes
 <50 ps zaman œǀȊǸƴǸǊƭǸƐǸ

15



ÅSOI ςSiliconon Insulator

Silikon Sensörlerde Yeni Teknolojiler  - II

https:// indico.cern.ch/event/1232761/contribution
s/5338927/attachments/2629874/4548397/silicon-
sensor-technologies-future-ee-
colliders_BTTB11_17Apr2023.pdf
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ÅMAPS ςMonolithic Active Pixel Sensors

 

Silikon Sensörlerde Yeni Teknolojiler  - III

Significantly lower material budget: sensors and readout electronics are
integrated on the same chip

 ֙9ƭƛƳƛƴŀǘŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ōǳƳǇ ōƻƴŘƛƴƎ Υ ǘƘƛƴƴŜŘ ǘƻ ƭŜǎǎ ǘƘŀƴ млл˃Ƴ
 ֙Smaller pixel size, not limited by bump bonding
 ֙Lower costs : implemented in standard commercial CMOS processes

https:// indico.fnal.gov/event/22303/contributions/245974/atta
chments/157387/205863/MAPS.pdf 17
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MAPS Uygulamasē

ALICE ITS
The Inner Tracking System (ITS) is the innermost detector of the ALICE central barrel. It consists of seven 
cylindrical layers all equipped with Monolithic Active Pixel Sensors (MAPS) named ALPIDE (ALice PIxel DEtector). 

The new detector consists of 7 layers, making it possible 

to reconstruct tracks based on ITS information alone. With 

an active area of 10 m2, segmented in 12.5 billion pixels, it  

represents  the largest  scale  application  of MAPS in a 

high -energy  physics  experiment . Each ALPIDE chip 
covers an area of 15x30 mm2 and contains more than half 

a million pixels. The performances achieved for power 

consumption (<40 mW/cm2) and spatial resolution (~5 
micrometer).

https:// arxiv.org/pdf/2111.08301
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Gelecek Büyük ¢aplē Deneyler Ķ­in 

Planlanan Ķzci Dedektör Sistemleri

https:// indico.cern.ch/event/1232761/contributions/5338927/
attachments/2629874/4548397/silicon-sensor-technologies-
future-ee-colliders_BTTB11_17Apr2023.pdf



Gazlē Dedektörler
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Gazlē Dedektör Örnekleri

V ~ 300-500 V

E ~ 60-100 KV/cm

DT
TPC
TRT
RPC
CSC
GEM



Gazlē Dedektörlerde Yeni Teknolojiler  - I
ÅHibrit DŀȊƭƤ Dedektörler

Secondary 
electron 
emission layer

Schematic of a hybrid RPC

9ƪƛōƛƳƛȊ ǘŀǊŀŦƤƴŘŀƴ ƎŜƭƛǒǘƛǊƛƭƳŜƪǘŜŘƛǊΦ 9ƭŜƪǘǊƻƴ œƻƐŀƭǘƤƳ ƳŜƪŀƴƛȊƳŀǎƤƴƤƴ ōƛǊ ƪƤǎƳƤΣ 
ƎŀȊ ƪŀǘƳŀƴƤƴŘŀƴΣ ŀƴƻǘ ǸȊŜǊƛƴŜ ƪŀǇƭŀƴŀƴ ƛƪƛƴŎƛƭ ŜƭŜƪǘǊƻƴ œƻƐŀƭǘƤƳ ȅŜǘŜƴŜƐƛ ȅǸƪǎŜƪ 
ƳŀƭȊŜƳŜƭŜǊŜ ƪŀȅŘƤǊƤƭƤǊΦ Ą fonksiyonel anotlar



Gazlē Dedektörlerde Yeni Teknolojiler  - II
Å(PICOSEC) Micromegas 

Florian M. Brunbauer, IEEE 2024



Gazlē Dedektörlerde Yeni Teknolojiler  - III
ÅRPWELL, THGEM, R˃WELL 

RPWELL

THGEM

R˃WELL 

DLC : Diamond-Like Carbon



Gazlē Dedektörlerde Yeni Teknolojiler  - IV
ÅhǇǘƛƪ {ƛƴȅŀƭ hƪǳƳŀƭƤ DŀȊƭƤ 5ŜŘŜƪǘǀǊƭŜǊ

9ƪƛōƛƳƛȊ ǘŀǊŀŦƤƴŘŀƴ ƎŜƭƛǒǘƛǊƛƭƳŜƪǘŜŘƛǊΦ DŀȊ ƪŀǘƳŀƴƤƴƤ ŘƻƐǊǳŘŀƴ ȅŀ Řŀ ŘŀƭƎŀ ōƻȅǳ 
ƪŀȅŘƤǊƤŎƤƭŀǊ ǎƻƴǊŀǎƤƴŘŀ ƎǀǊŜƴ ŦƻǘƻŘŜŘŜƪǘǀǊƭŜǊ ό{ƛtaΩƭŜǊύ ŜǒƭŜǒǘƛǊƛƭƳƛǒ όƘƛōǊƛǘύ wt/ΩƭŜǊ. 

S1 S2



Ķnorganik Sintilatörlerde Trendler
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Muon Collider 
Barrel ECAL
Cantone C. et. Al, 
Front. Phys. 
11:1223183. doi: 
10.3389/fphy.2023.
1223183
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Asal {ƤǾƤ Sintilatörler

127 nm
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Organik Sintilatörlerde Trendler

https:// indico.cern.ch/event/1339557/contributions/5898478/attac
hments/2860074/5003725/24_05_21_calor_nanocal_soldani.pdf

Nanocrystal-based 
scintillators

https:// indico.global/event
/1464/contributions/28326
/attachments/14427/2245
3/DetectorArge_Sertac_20
24.pdf

DVB: Divinylbenzene
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Cerenkov LǒƤƳŀǎƤ Radyatörleri

Super-Kamiokande

The system consists of an upstream detector (RICH-1) with silica 
aerogel and C4F10 gas radiators, positioned directly behind the 
VELO, and a downstream detector (RICH-2) with a CF4 gas 
radiator, located behind the magnet and the tracking system.
C4F10 : perfluorobutane
CF4 : carbon tetrafluoride

The RICH system has the task of 
identifying charged particles 
over the momentum range 1-
150 GeV/c, within an angular 
acceptance of 10-300 
milliradians (mrad). 

Super-Kamiokande ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǿŀǘŜǊ /ƘŜǊŜƴƪƻǾ 
detector. It consists of a stainless-steel tank, 39.3m diameter 
and 41.4m tall, filled with 50,000 tons of water. About 13,000 
photo-multipliers are installed on the tank wall. The detector is 
located at 1,000 meter underground in the Kamioka-mine, 
Hida-city, Gifu, Japan.


