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HEP-EX IN TURKEY - BRIGHT SIDE

"Experimental” particle physics community is quite diverse.

Experimental HEP in Turkey dates back to 1960s. Now includes
over 100 users of CERN from Turkish institutions.

Perhaps a comparable number of nuclear physicists and users
of nuclear physics detectors.

Spread over a large geography, from Istanbul to Kars.

Most groups maintain international networks: their old
research groups, their graduate advisors, old group members
currently living abroad, efc.

Their research interests are diverse: experiments @ CERN,
FNAL, IHEP, KEK, Turkish Accelerator Center, ...

V. E. Ozcan, S. Ozkorucuklu E



EUROPE - WHERE DO WE CONTRIBUTE?

A short non-exhaustive list of what parts of which “"European” detectors
Turkish teams contribute to.

KTO Karatay Uni, Konya & Yildiz Technical Uni, Istanbul: ALICE SPD & TPC

Adiyaman Uni, Adiyaman; Cukurova Uni, Adana; METU, Ankara; Bogazigi Uni
and Istanbul Technical Uni, Istanbul; Cag Uni, Mersin; Gaziosmanpasa Uni,
Tokat: CMS HCAL & HF

Bahcesehir, Bilgi and Bogazici Universities, Istanbul; Gaziantep Uni,
Gaziantep: ATLAS TRT, RPC & TDAQ

METU, Ankara: OPERA emulsion image microscopy
Bilgi, Bogazici Universities, Istanbul: CAST KWISP
Experience with Si and gas tracking detectors, calorimeters, TDAQ, emulsion.

International collaborations have significantly effected local choices.
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DARK SIDE

While the overall experimental HEP community is not small,
most of the research expertise in Turkey has been:

Close to phenomenology, or
Some form of design, simulation or data analysis study, or

Involves detectors that are located at centres abroad (like
CERN, FNAL, etc).

The reason for this choice of research topics is historical and
is related not only to the interests of the scientists, but also
to the funding structure in Turkey.

Unfortunately, this situation had previously limited our
expertise mostly to calibration and software kind of work.
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DISCLAIMER

There is a small but growing community of people dirtying their hands in
building their own detectors.

These groups are not in regular contact with each other; and they have
their own small laboratories.

It is not our intention to cover the work of all the small groups: not
practical.

Instead we try to cover the larger groups, or umbrella teams. This is

more meaningful as it also reflects how small groups congregate to
work together.

This does NOT mean that the small groups are necessarily on the same
financial support. They quite often have their own independent project
finances, in addition to common funds.

This talk tries to give emphasis on work performed at local laboratories;
and we cover not just detector physics, but also some work that relates
to accelerators, if they are being carried by a detector group.
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EGE UNIVERSITY

-

An example of a typical small group; 2 faculty members and 2 PhD R
students at the nuclear physics lab. IR A A

Activities include:
Mounting Detector Crystals to Photomultiplier Tubes and their Performance Tests
Energy Resolution Enhancement
Time Resolution Enhancement
Time/Energy Coincidence Measurements
FLUKA Monte Carlo Calculations

Radiation Detection by MPPC (Multi-Pixel Photon Counter, SiPM- Si
photomultiplier)

LabVIEW Studies (Radiation Detection and Measurement Investigations via
LabVIEW)

Studies on Nuclear Electronics to improve Medical Imaging Performance
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METU EMULSION MICROSCOPE

Middle East Technical University is the oldest hep-ex group in Turkey % Q i
5 hep-ex faculty members on various experiments, including AMS, o - T
Belle2, CMS, OPERA. - :
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European-style automated scanning system for studying
OPERA emulsion targets.

nano-step motors (VEXTRA 5-phase) and optical encoders;
provide 205 mm travel range in X-Y and 50 mm in Z with a
resolution of 0.1 um
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OPERA NEUTRINO EVENTS @ METU

Neutrino interactions detected by our scanning system at METU.

Supported by TUBITAK (grant 108T324).

M. Guler, O. Altinok, Performance of automatic scanning
microscope for nuclear emulsion experiments. I[CCMSE2015,
AIP Conf.Proc. 1702, 190015(2015).
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Radaticn shielding wall

Ongoing work for an irradiation facility to be built on a beamline at the TAEK 30MeV proton
cyclotron in Ankara.

Beam diameter at R&D room: lcm; current range O.1yA - 1.2mA

Enlarge beam, reduce flux, beam diagnostics, irradiation tests for space & nuclear applications
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RD51 Collaboratlon

- )
AKDENI

A team of ~10 faculty members,
including two visiting faculty (S. Biagi
& R. Veenhof) from CERN.

The team from Uludag University is a
member of CERNs RD51 collaboration.

Development of Micro-Pattern Gas
Detectors technologies

ERN MPGD V
Q I l‘rl

Total of 450 people from 80
institutes

Uludag team on WGs 2 and 4.
Extensive experience with FLUKA.

Also contributing to the systematic
studies on the ageing of MPGDs, and
the development of a standard for
MPGDs.

=~/ ' < A ] & . HIGH ENERG Y D—TECTOR
. ; L it |
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GEM CHARACTERIZATION
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Characterization & gain calibration of triple GEM detectors

Work on identifying the reasons for 2-fold discrepancy in
gain between simulations and experimental results

Work on reducing readout noise
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PENNING EFFECT

Townsend coefficient
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There may be many non-ionising interactions in avalanche formations. In such
interactions some fraction of the energy is spent on the creation of short or long lived
(metastable) excited states. Excited gas atoms or molecules can transfer their excess o
energy to 1onise the other ones in the mixture by making collisions with them. Such an ‘ i s

energy transfer is known as Penning effect and often occurs in the gas mixtures when the
metastable excitation energy level of one gas component i1s energetically higher
compared to the ionisation energy of the other gas component. These kinds of mixtures
are also known as Penning gas mixtures which consist of a noble gas and an admixture at

lower concentrations.
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CUKUROVA TEAM

Another of the oldest hep-ex
teams in Turkey

Member of CMS since 1996

Contributes heavily to CMS
HF calorimeter

Active research team Cukurova
team which includes ~10

faculty members from 4

AT, g O institutions, and a number of
( | ey ¥ RS S, .. graduate students.

) 2 e B e v f A good network with a

( healthy ratio of junior and

senior people
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KARADENIZ

T AKDENIZ

Two CMS centers, allowing
contribution to DQ analysis

Adana lab: Setup to test
quality of photomultipliers
that have been used in
CMS calorimeters.



CMS PMT TESTS
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KARADEN i_&

ADIYAMAN UNIVERSITY
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Design, simulation and
construction of a solenoid
magnet and its field mapper, to
be used at beamline projects.
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MSGSU - YTU TEAM

KARADENIZ

7 faculty members from 6 institutions. O Q

Bilgi Uni, Mimar Sinan GSU, Yildiz Technical Uni, =~
Sebahattin Zaim Uni @ Istanbul + Ege Uni, Izmir + ngde Un|

Contributing fo a number of experiments abroad:

NEDA (Neutron Detector Array): for experiments at
SPIRAL2/GANIL, SPES/LNL, NUSTAR/FAIR

EXOGAM2: Digital instrumentation of the EXOGAM detector

DEGAS: Involvement in the Active Gamma Shield, a.k.a. the
back catcher, for the DEGAS (DESPEC Germanium Array
Spectrometer) detector prototyping, building, and its tests.
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MSGSU - YTU FACILITIES ©

T AK

Two labs, one at each
institute

GSI-DAQ setup (VME
Based Multi Branch
System).

Using Euroball BGO (Bi
Ge oxide) for Degas

Backcatcher prototype
test

Testing BGOs with
SIPM for Degas Back-|
catcher detector, |
Petiroc2A for Degas,
Numexo2 for NEDA

......
& \
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SEE CALORIMETER

Calorimeter Based on Secondary Electron Emission

Developed with funding from TUBITAK (grant
113F337) - March 2014 - March 2017.

radiation hard, fast and compact to be used in
nuclear and high energy physics experiments

implemented semi-empirical model of SEE process in
to the Geant4
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AND PRODUCTION

29
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SEE READOUT ELECTRONICS

Voltage Divider used in the prototype

cables connectig
SEE layers to HV divider
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OTHER ELECTRONICS DESIGNS

Bias Filter & Signal Preamplifier

drawing O anufactured

jg@E

24.5-29.5 Bias Voltage Generator
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KARADENIZ

BoGAziCcl TEAM .

T AKDENIZ

Composed of ~8 faculty members from 4
institutions.

Bahcesehir, Bilgi, Bogazici @ Istanbul +
Gaziantep

Two labs housed at two campuses of
Bogazici University, Istanbul.

Also collaborating with partners from
other universities in Ankara, Istanbul,
Izmir, Kutahya, Tokat + UCI/CERN.

On ATLAS since the time of the original
technical proposal.

Contributing to TDAQ (mainly software) m" 3
and Transition Radiation Tracker (TRT).

Bogazi¢i also has a CMS team, with ~3

faculty members from 3 institutions. o

3

4
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LB
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Computer, detector and
DAQ lab

Currently shelters
ATLAS & CMS data
analysis teams and
the cosmic ray
prototype detector

Active since 1990s

Turkey's first PET
detector prototype

Home of ATLAS
DAQ-1

Based @ Bogazi¢i main site



KAHVE LAB

New lab at the Kandilli campus
2
Over 150m area for

detector and accelerator
research, in addition to office

spaces.
2
Another 150m area to

become available in Q1 2019.

skahve

2 Lalboratory

TECEEEE
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BOGAZICI PROJECTS

Delay wire chamber (DWC).
Design, production, calibration all from scratch.

Gold coated tungsten wires; electronics for signal
readout and amplification (4-layer PCB, analog
delay, fast opamps); DAQ electronics; better than
200 position resolution in x & V.

Project supported by TUBITAK (grant 114F467);
May 2015-2017.

ATLAS TRT monitoring, DQ and calibration.
Work on a small TRT prototype for local tests.

Prototype cosmic ray detector that can become part
of an array to measure UHE cosmic rays.

Reconstruction code able to independently repeat
Auger analysis with couple degree zenith angle
resolution.

Beam diagnostics for RFQ proton beam in Ankara.

RF Circulator + transmission line @ 800 MHz.
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DELAY WIRE CHAMBER

=
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223,

Example stages from our test
production.

Successful tests of chamber
at CERN.

To be used for emittance
measurements at the TAEK

30MeV proton beamline.



ho)
RF CIRCULATOR

RF transmission line and circulator.
50-100 kW, UHF band.

Applications both in accelerator
physics and in defense industry.

Required technologies; know-
how: metal processing, ferrite 24
materials, electromagnets, high- o, |

—_—

power RF sources, cooling. F L

L S T

Ongoing TUBITAK project (grant S sssee s
116E221), in collaboration with
IYTE, Izmir and TOBB ETU Uni,
Ankara.

representative photo
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PROJECTS IN THE PIPELINE

Monitoring Akkuyu Nuclear Reactor Using Expressed intent to contribute to the Phase2 upgrade of
Anti-Neutrnno Flux Measurement ATLAS muon sys’rem.

Sertzc Oztark™~*. V. Erkcan Ozcan®, Gekhan Unel” and Aytul Adiguzel®

ATLAS intends tfo increase the coverage of the muon
'Departmznt of Physics, Gaziesmanpasa University, Tokat, Turkey o o o
'Departmeny 'o: l‘h'v‘.\ilcn m'rd.A steonomy, The IUniwrsu)- of ll:»vv.\. l‘:wa City, IA, USA frl gger (From 7 5 % 1-0 Over 90 %) wrl.h new fh l n RPC

Deparment of Physcs, Bogazici University, Istinbul, Turkey
‘Depatment of Phyiscs and Astrcnomy, The Umversity of Calitomua, Irviae, CA, USA mOdules'
Email: sertac.oztuck @gop edu.t We plan to form a larger gaseous detector program,

February 15, 201€

which will include building RPCs locally.

We present a simulation based study for monitoring Akkuyu Nuclear Pover Gof Pos“-ive response From TAEK -I-O our le-l--l-er OF
Plant’s activity esing anti-nestrino Aux originating from the reactor core. A #
funding request, but...

water Cherenkov detector has been designed and optimization studies have

been perfcrmed using Geantd simulation wolkit A first study for the design

TUBITAK project proposal to collaborate with
Gaziosmanpaga University, Tokat.

of a moniloring detector facility for Akkuyu Nuclear Power Plant has been
discussed In this paper.

We propose to build a ~1ton Gd-doped water
Cherenkov detector to monitor the nuclear power
plants that are to come online by 2018-19.

TUBITAK project proposal to collaborate with Dumlupinar
University, Tokat.

We propose to build a ~1ton Gd-doped water
Cherenkov detector to monitor the nuclear power
plants that are to come online by 2018-19.



KARADENIZ

......

e )
AKDENIZ.

oy

- Small spark chamber with self-developed
7 N custom trigger and readout electronics
= \ built with COTS; self-built HV supply.
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~10 exp. nuclear & HEP faculty. R
Various projects.

Gas System for He tests

Flaw meters

LFD  Signal HY
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DOSE PROFILE SIMULATION FOR MEDICAL LINACS
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DOSE PROFILES

Medical linac:
Phantom

' size: 500 cm
cm

Suat Ozkorucuklu, Mahmutjian
Lipit, Gokce Aydogdu



MUON TOMOGRAPHY

- IRADETS

Elsmznt Location
B "‘__ L
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- . _Reconstruction
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Gy (7%
3D position |
Reconstruction3-D e
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ScintillatorSizeX = 6 m
ScintillatorSizeY =3 m
ScintillatorPlaneThickness = 10 mm
Detector Planes Separation =10 cm
Top and Bouttom Detectors Separation = 3.5 m

Detector Covarage

IRADETS: Industry - academia collaboration

Suat Ozkorucuklu, Mahmutjian Lipit,
Behcet Alpat
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OVERALL

A national workshop held w 0
in June 2016 with SPGCiGI focus KARADENIZ

only on detectors & accelerators e :
being developed locally.

Some of the discussion topics included:
Cosmic muon tomography

Medical imaging for proton therapy

.

RF supply, circulator & transmission | AKDENIZ
line for Turkey's first RFQ + its measurement box

Design and production of radiation-hard CPUs

Gaseous detectors, including RPCs and wire chambers

Cherenkov detectors for monitoring nuclear reactor activity

Plastic scintillator production; testing scintillating fibers and PMTs
Applications of ultrafast burst lasers (including their use for photoinjectors)

Home-grown simulation and DAQ software
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CONCLUSION

Large hep-ex community in Turkey

Internationally well connected, many having spent significant amount of time
at CERN or other labs.

Modest local detector effort in proportion to our population/size of economy.
However, a growing level of interest and improving (but “instable”) funding.

Highly motivated fresh people, willing to dirty their hands even when in
situations with limited resources.

People from various institutions on a diverse geography are able to form teams.
The fracturing of the groups due to historical reasons.

Each team was mostly isolated from the others, but improving level of
collaboration.

Young talented people but issue with absence of proper postdoc support.

V. E. Ozcan, S. Ozkorucuklu 37






Motivation

® The secondary electron emission (SEE) process 1s used in many
applications: e.g. vacuum electronic devices, particle detectors, and
scanning electron microscopy.

® In 1990 Derevshchikov et al. [1] proposed to use SEE process 1n
suitably instrumented chambers with radiation hard emitters as
active layers 1n calorimeter.

® Since then, several other studies were performed to built such a
calorimeter [2-6]

® Qur design: If the outcome from the real beam provides
successtul results, our design will be the first SEE calorimeter
which 1s designed by using emissive layers, instead of cathode
blind PMT or multichannel PMT as used 1n the literature.

39



TUBITAK 1001

® Partl: Implementing a semi-empirical model of SEE process in to the Geant4

® To compare the performance of our design with traditional scintillation sampling
calorimeter.

® Published in JINST (JINST 12 P07014 (2017))
® Part2: Building and testing the SEE calorimeter module

® Module was successfully built

® Electonics of the setup were also designed, and produced by us.
® Next Items:
® Testing the electronics in vacuum environment
® Pedestal measurements with a radioactive source
® Testing the prototype with beam and compare the performance with Geant4 simulations

__________________________________________________________________________________________________________________________________________________________
40



SEE Calorimeter: Prototype Design




Designed SEE Readout Electronics

Voltage Divider used in the prototype

cables conhecting
SEE layers to HV divider
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Other Electronics Designs by Our Group

Bias Filter & Signal Preamplifier

drawing O

anufactured

Signal splitter

24.5-29.5 Bias Voltage Generator




Nuclear & Particle Physics Labs




Nuclear & Particle Physics Labs

® We have two labs located at YTU and MGSU
Physics departments

® What we do:

® Photodetector tests (linearity, dark current, gain, etc.)
® Energy spectrum & detector timing measurements

® Readout electronic design & PCB production
(manufacturing domestically or internationally)

® Mechanical design & prototyping ( in collaboration width
industrial partners)

45



U.U. Ekibinin cahsmalari
N

DALXOWN FUIYSIUS LL LI

SRupsernr e v Pross 2 Feluusey 2012
]inst PUDLISICD DY JOP DUDLISIENG To2 SISSA BEL, 3% 201068, Pp Lo 394

RECEIVED. Mowomuer 18, 2000
REVISEDY Afarvsi 72 2070
ACCLPTICD dduna f4, 2000
Pub_isreu: Moy 4, 2010

LPDAIL O LONISALLON CROSS SLCTLIONS LOK XLENOMN

0 SAIIN
Thyer« Thopommnt Tl Thaviasis
Durzs, JULULLY.
YRARKAN
Fevsice Dspartneere Loudaf Univeass e
Burss, CULWKLY .
:Nl:,an:). Pzt Mo Alpse <t Thiaese s
Mug | URKEY
H H H 1 TATAN
Penning transfer in argon-based gas mixtures _ Pt Kienorkrans Bkal Ll
Purss, JULLKLY .
=N O2nrn
Fluysaes Deparmenr. Ulocag Laiverane.
R« TOIRREY

ol

BVEENZOF
O. Sahin,”' |. Tapan.’ E.N. Ozmutiu” and R. Vaanhof"”
0wyt o Bloses, Tinidug Toeveesly,
100035 Buese, Pariiy Nochear lustounents and Metods ) Rysics Reseach A 713 (20131 432-433
bpPivsics Deparnuant, Reom 2320 Chamberim ITall, Unnoarsity of Wisconan-M
Ja50 Liniversily A, Mogiven, W1 23706 1350, US_L Contents lists available at Sciverse ScienceDirsct 3 [r—
SCIRN, PIT departnant, . Tummeas
P A Nuclear Instruments and Methods in -
y : Physics Research A -
Imail* apahin@nlndag.edu.nr
jeurnal hamepage: wwys elssvier.com/locate/nima —_—
Secondary avalanches in gas mixrures @:....v..u
. - g L - . =1y
Drift Velocity Effect on Argon Based Gas Detector Ozkan $ahin“*, llhan Tapan“, Rob Veenhot
- . Aipsarrmy=r nf Thyare ude | aves 2y 100 ey 1wy
Perﬁ’ rmances *RDSI Celfnbaratfor, CERN. Qb Swazeriond
()zkan Sahin, Emin N. Qzrhutlo and 1lhan Tapan ARTICLE 3RPD ABETRECT
[adoy Universitesi, Fen Edebivat Fotuliesi, Fizik Bolarm, 165639, Burrs, Tuvkey dualkable anline 30 Auget 2012 Avalanche developmert in g25-based detactors ralies mot only cr dirsct icrisatoa but also cr excration of
E [T roble gas atcms. o me quancher moleaales can be nised when they ccl ide with exated atoms a proces:
Bxcited states cn whick we rportad exrier 71 Altemanvaly. exatsd itoms can decay by phcton emissoa. If these
Abstract.  Drft velocites of eleclrons in gaseces is enport! for the gis-Elled deleckrs pecfonuances Iy Tis Gas gin photers zre e aficently skscrbed by the quencher yet capadle of icrisirg, ther they may scaps from the
wok, deift veloeiniss of edatirons have bees livestigne! for argon based gas mixres are widely uzed in paseous Fhotoo feecsack aalarche reoa and start seccrdary avalanches. (his procsss called pheton feedback, leads o ir cver-
dewctors Mapholtz program had blen wted 1 calsilwe drift velesires i vietnnz pas wixtures wita cafferent exponential narsase of the ms g2 whick Imits the working rargs In this paper. we denve photon
micing ratios. The results are anslvaed for the deteclor peformumee. fezdbach pac etz frons puolisheal wounmasuer el B sevad pas pwsiue wd G Urse pasan eters

in a model whick descnbes thewr dependence on the quencher corcertrizon and the pressure,
© 2012 Llssvier BV, All nghts resarved.

IIhan Tapan CERN-RDS51 Isbirligi Kapsaminda Gazli Detektdr Gelistirme Calismalari 18 Aralik 2015, istanbul

46



“ Rolling grant?

“ R&D percentage?

© Beraber basvuruluyor mu?

V. E. Ozcan, S. Ozkorucuklu 47



