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Higgs bozonunun keşfiyle Standart Modelin (SM) parçacık içeriğinin tamamlanması ve kozmolojideki 
ilerlemeler, Standart Modelin (BSM) Ötesinde yeni bir fizik anlayışının gerekliliğini vurgulamaktadır.

SHIP PROJESİ

SM parçacıklarıyla çok zayıf etkileşime giren gizli parçacıklar, SM'nin eksikliklerini açıklayabilecek 
birçok teorik modelde öngörülmektedir. Erişilebilir parametre alanlarının büyük bir kısmı 
keşfedilmemiş durumdadır.

Proje, modern fizikteki birçok yaygın gizemin yanıtlanmasına yardımcı olabilir ve insanlığın temel 
bilim anlayışını, mevcut yol gösterici parçacık fiziği teorisi olan Standart Model'in ötesine taşıyabilir.

Gizli Parçacıkları Arama (SHiP) projesi, CERN'ün Süper Proton Senkroton (SPS) hızlandırıcısında önerilen 
yeni bir sabit hedef tesisinin bir parçasıdır. Proje çok zayıf etkileşime giren uzun ömürlü ve nispeten 
düşük kütleli parçacıkları araştırmayı amaçlamaktadır. 

Bu nedenle herhangi bir gizli sektör parçacığının keşfinin parçacık fiziği, astrofizik ve kozmoloji 
açısından sonuçları olacak ve böyle bir keşfin etkisi çok büyük olacaktır.

ANKARA ÜNİVERSİTESİ- SHIP
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SHIP PROJESİ

Chapter 3

The SHiP Facility at the SPS

3.1 Introduction and operational scenario

The proposed implementation of the SHiP operational requirements is based on minimal mod-
ification to the SPS complex and maximum use of the existing transfer lines. Figure 3.1 shows
schematically the proposed location of the SHiP facility at the CERN Prevessin site. Figure 3.2
shows the geographical location of the facility. The location is ideally suited since it allows a
full integration on CERN land with almost no impact on the existing facilities. The SHiP
facility shares the TT20 transfer line with the other North Area facilities, allowing both use of
slow extraction for SHiP and switching on a cycle-by-cycle basis with other North Area beam
destinations.

Figure 3.1: Overview of the SPS accelerator complex. The SHiP facility is located on the North
Area and shares the TT20 transfer line with the fixed target programmes.
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SHiP deney tesisi, SPS kompleksinde ve 
mevcut hızlandırıcı ve ışın hatlarının 
maksimum kullanımına dayanmaktadır. 
CERN Kuzey Bölgesi sahasında deney 
tesisinin önerilen konumunu şematik 
olarak göstermektedir. Tesis, mevcut 
TT20 transfer hattının yaklaşık 600 m'lik 
kısmını diğer Kuzey Bölgesi tesisleriyle 
paylaşmaktadır.

ANKARA ÜNİVERSİTESİ- SHIP
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Figure 5: Overview of the CERN injector complex indicating the location of the new SPS Beam Dump Facility
designed to house the SHiP experiment.

otherwise hit the septum wire, crystal channeling, and modified optics to reduce the beam density in the
region of the septum wires. Recent tests have demonstrated that, together with improved orbit stability
and alignment of the septa, it is possible to combine crystal shadowing with the modified optics to achieve
a net reduction of more than a factor three. This shows that the SHiP baseline proton yield is realistically
within reach.

Figure 6: Overview of new surface and underground structures for the Beam Dump Facility. The beam-axis is at
a depth of about 10m which allows trenching the entire complex from the surface.

Currently, CERN has no high-intensity experimental facility which is compatible with the full
beam power of the SPS. The proposed implementation of the beam dump experimental facility is based
on minimal modification to the SPS complex and maximal use of the existing beam lines (Figure 5).
CERN’s North Area has a large space next to the SPS beam transfer lines which is for the most part free
of structures and underground galleries, and which could accommodate the proposed facility (Figure 6).

9

SHiP has received a large amount of attention from the particle physics community. The SHiP
physics paper [2] is a highly cited document (see Figure 1), and many groups continue to explore the sci-
entific potential of the experiment, making detailed predictions for models of feebly interacting particles.
In the wake of the SHiP experiment, several dedicated intensity frontier experiments have been pro-
posed in the recent years: CODEX-b [46], MATHUSLA [47–49], FASER [50–52]. Recognising the
importance of diversifying the search efforts, the CERN Management created in 2016 a dedicated study
group “Physics Beyond Colliders” (PBC) [5]. Searches for heavy neutral leptons, dark photons, dark
scalars, light dark matter, and other super-weakly interacting light particles has also been included in the
scientific goals of many presently running experiments [39, 40, 42–44, 44, 53–67].

1.3 Overview of the SHiP developments and advances since the TP
Despite an active program of searches for HS particles in many experiments, SHiP remains a unique
dedicated experiment capable of reconstructing the decay vertex of an HS particle, measuring its invariant
mass and providing particle identification of the decay products in an environment of extremely low
background. Moreover, SHiP is also optimised to search for LDM through scattering signatures and for
tau neutrino physics.

Since the Technical Proposal the SHiP design went through a significant re-optimisation phase.
Figure 2 shows the layout of the re-optimised SHiP detector. While the overall set-up of the detector
remains unchanged, the geometry and the detector composition has been significantly modified, and
technological studies and test beams have brought maturity to the design. SHiP consists of the proton

Figure 2: Overview of the SHiP experiment as implemented in FairShip.

target, followed by a hadron stopper and an active muon shield that sweeps muons produced in the beam
dump out of acceptance. Since the TP, the target has been extended from ten to twelve interaction lengths
in order to reduce the hadronic shower leakage. Studies were made to minimise the distance between
the target and the SHiP spectrometers to improve the acceptance of the spectrometers, and to reduce the
weight and cost of the muon shield. A significant improvement was achieved by starting the first section
of the muon shield within the hadron stopper by integrating a coil which magnetises the iron shielding
blocks.

The SHiP detector itself incorporates two complementary apparatuses, the Scattering and Neutrino
Detector (SND), and the Hidden Sector (HS) spectrometer. The SND will search for LDM scattering and
perform neutrino physics. It is made of an emulsion spectrometer located inside a single long magnet
with a field above 1.2 T in the entire volume, and a muon identification system. The emulsion spectro-
meter is a hybrid detector consisting of alternating layers of an absorber, nuclear emulsion films and fast
electronic trackers. The absorber mass totals ⇠ 10 tonnes.

The HS decay spectrometer aims at measuring the visible decays of HS particles by reconstructing
their decay vertices in a 50 m long decay volume. In order to eliminate the background from neutrinos

5

https://cds.cern.ch/record/2650966/files/2019_01_25_SHIP_ProgressReport_SPSC-SR-248.pdf
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140 fizikçi, 11 ülke, 26 enstitü

Belçika 
IIHE-ULB Brussels 

Hırvatistan 
IRB Zagreb 

Fransa 
 LAPP Annecy 

IPHC Strasbourg 

Almanya 
Hamburg 

Israil 
Technion Haifa 

İtalya  
Bari 

Bologna 
Frascati, 

LNGS 
Naples 
Padova 

Rome 
Salerno 

Japonya 
Aichi 
Toho 
Kobe 

Nagoya 
Nihon 

Kore 
Jinju 

Rusya 
INR RAS Moscow 
LPI RAS Moscow 

SINP MSU Moscow 
JINR Dubna 

İsviçre 
Bern 

Türkiye 
 Ankara 

Haziran 2000  -> Deney Proposal
Mayis 2003     -> Deney yapımına başlandı
2006-2007       -> Test Denemeler
Haziran 2008  -> Veri alımına başlandı
Aralik 2012     -> Veri alımı tamamlandı
Ekim 2023.      -> Tamamlandı

OPERA PROJESİ
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732 km

CERN Neutrino to Gran Sasso beam 

CERN’den  Gran Sasso’ya yüksek enerjili νµ demeti
Çizelge 4.1 Nötrino demetinin özellikleri 

5.2  OPERA Algılayıcısı 

OPERA Algılayıcısı Gran Sasso yeraltı laboratuvarındaki C koridorunda kurulmuştur. 

1.5 km’ lik bir kayanın altında bulunan laboratuvar  kozmik vb. parçacıklar açısından da 

korunduğu için nadir gerçekleşen  etkileşimleri gözlemlemek için oldukça uygun bir 

yerdir. 1987’den beri varolan laboratuvar nötrino deneylerini de kapsayacak şekilde 

genişletilmiştir. Bu sayede OPERA, LVD (Large Volume Detector) ,Borexino (BORon  

     Şekil 5.2  Gran Sasso 
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with a design intensity of 2.4⇥1013 p.o.t per pulse. The target consists of a series of
thin graphite rods which in total have 2 m of length. When the proton beam hit to
the target, pions and kaons are produced as secondary particles. Positively charged
pions and kaons are focused into decay pipe by two magnetic lenses, called horn
and reflector. The 1000 m long decay pipe allows pions and kaons decay into µ+

and ⌫µ in forward direction with an opening angle of about 2 mrad. The remaining
non-decayed hadrons are stopped by the iron beam dump at the end of the decay
pipe. Two muon detector stations allow the measurement of the beam profile and
the beam intensity to monitor and tune the neutrino beam. At the end of the beam
line, muons are absorbed within a short distance in the rock of the earth while ⌫µ
continue to travel to the LNGS (Laboratori Nazionale del Gran Sasso) underground
laboratory. Expected fluxes of the ⌫µ and Posc ⇥ �⌧cc at the LNGS site is shown in
Figure 2.2. Properties of the CNGS neutrino beam at the LNGS site are summarized

Figure 2.2: ⌫⌧ CC cross section times the oscillation probability for small �m2 and
sin2 2✓=1, compared to ⌫µ flux [56].

in the Table 2.1. More detailed information about the CNGS beam can be found
in [55], [57].

⌫µ (m�2/pot) 7.45⇥10�9

⌫⌧ CC events/pot/kton 5.44⇥10�17

hEi⌫µ 17 GeV
⌫e/⌫µ 0.8%
⌫µ/⌫µ 2.0%
⌫e/⌫µ 0.05%

Table 2.1: CNGS neutrino beam properties at LNGS [56].

22

Şekil 5.1  Nötrino Demeti  

uzaklıktan 17GeV’lik bir enerji ile gönderilmektedir. Demetin üretildiği sistemin 

şematik gösterimi figure de görülmektedir. 

Demet üretilirken önce 400 GeV enerjideki protonlar SPS hizlandiricisindan çıkmakta 

ve karbon hedefe çarptırılmaktadır. Bu aşamada yüklı  kaonlar ve pionlar oluşmaktadır. 

“Horn” ve “Reflector” oluşan yüklü pion ve kaonlari yönlendirmek ve odaklamakla 

görevlidir. Ardından 1000 m uzunluğunda vakum boru içinde  yoluna devam eden 

parçacıklar  burada 𝑣µ and µ+  ‘a  bozunmaktadır. Bozunum tünelinin sonunda ”hadron 

durdurucu”  ile hadron parçacıkları durdurulmaktadır. Geriye kalan muonlar ise iki adet 

muon istasyonu tarafından görüntülenmekte ve bu bilgiler nötrino demetinin yoğunluğu 

ve profil ölçumleri hakkında bilgi vermektedir. En son aşamada ise muonlar kayalar  

tarafından soğrulmakta ve nötrino demeti yoluna devam etmektedir. Aşağıdaki tabloda 

demet özellikleri verilmiştir. 
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2.2. THE CNGS FACILITIES 39

Figure 2.3: Underground structures at CERN of the CNGS project. Picture from [202].

The second largest accelerator at CERN, the super proton synchrotron (SPS) started
to work in 1976 and has a radius of 3.5 km. It is used to accelerate the 26GeV proton
beam coming from the PS to 400 GeV and provides it to the CNGS project. Situated
underground it is spanning over both French and Swiss territory. As the SPS is also
used to provide protons to other experiments like LHC, a multiturn extraction of protons
was designed to handle the intensities needed for CNGS [205, 206]. The primary proton
beamline is tilted downwards with a slope of 58.5mrad to direct the beam to Gran Sasso,
as shown in Figure 2.2. The CNGS project is completely underground, the structures are
shown in Figure 2.3.

The CNGS beamline started operation in August 2007 when a first beam test was per-
formed. As the OPERA target was not filled at that time, the only observed interactions
took place in the surrounding rock and the iron yokes of OPERA’s muon detectors. A
physics run started in autumn 2007, but was stopped shortly afterwards due to a failure
of the CNGS ventilation system. The CNGS run 2008 and 2009 will be summarized in
section 2.2.2.

2.2.1 The proton beam

The primary proton beam for CNGS is delivered by CERN’s super proton synchrotron, the
SPS, as already mentioned. The protons provided for CNGS have an energy of 400GeV.

3.3 The new NGS reference beam
Compared to the 1998 report [2], the civil engineering design of the NGS facility remains
unchanged. Optimizing the probability for ντ appearance at Gran Sasso implies maximizing
the νµ fluence in the range of 10 to 30GeV. The horn and the reflector are therefore designed to
focus 35GeV and 50GeV secondary particles. In order to achieve a much higher acceptance at
these energies, the two lenses are much closer to the target than in the 1998 beam. A schematic
overview of the new NGS reference beam for appearance experiments is shown in Fig. 5. Note
that the target cavern is longer than required for the new beam, in view of a possible future
installation of a higher energy or narrow-band neutrino beam.

Proton
beam

Decay pipe
Hadron stop

µ - detectors

He tube IIHe tube I

ReflectorHorn
Target

C Fe
0.5 m

43.4 m
100 m

1092 m 18 m 67 m

1.5 m

8.3 m

Figure 5: Schematic overview showing the components of the new NGS reference beam. The
coordinate origin is the focus of the proton beam.

In the compact new design the target box position and dimensions remain unchanged. Ad-
ditional graphite rods are added, while keeping the overall target length at 2m. The target rod
diameter has been increased from 3mm to 4mm so that the proton beam is better contained
within the target: this reduces spurious background from residual protons interacting later in
the beam line, without significant change to the νµ flux and energy spectrum. The thermo-
mechanical properties of the target rods under shock from the proton beam impact is slightly
improved by the increased rod diameter.

The first coaxial lens, the horn, now starts at 1.7m from the focal point of the system, just
after the end of the target, and the reflector is also moved upstream, to 43.4m. With these
changes, and using a higher current in the horn and the reflector (150 kA instead of 120 kA), the
nominal acceptance for pions and kaons between 20-50GeV has been increased by 50%.

Prototype tests have demonstrated the feasibility of using electron beamwelding to assemble
the inner conductor elements, rather than the bolted flanges previously used. Many details of
the horn and reflector construction have been re-examined. Apart from a small, local increase
in the horn inner conductor thickness because of the higher current, the net result is a significant
reduction of the total amount of material within the beam aperture.

Similarly to the 1998 design, helium tubes are foreseen in the free spaces of the target
chamber in order to reduce the interaction probability for the secondary hadrons. In the new
layout, a first He tube is located between the horn and reflector, while a second one fills the gap
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proton  
demeti

HEDEF

manyetik  
lens 1

manyetik  
lens 2 bozunum borusu

hadron  
durdurucu 𝝁-algılayıcı

Çizelge 6.1 Etkileşim istatistiği 

6.3  Analiz 

Bu çalışmada 818 adet yüklü akım etkileşimine  ait sonuçlar verilmiştir. Bu veriler 

Eylül 2015 - Eylül 2016 süresince Japonya’da bulunan Nagoya Üniversitesi Tarama 

Laboratuvar’nda  yapılan çalışmalar sonucu elde edilen verilerden seçilmiştir. Bu 

laboratuvarın veritabanında 2008 yılından bu yana yapılan taramalara ait veriler 

bulunmaktadır. OPERA grubunun  ECC birim tarama kapasitesi ve hızı en yüksek olan 

bu laboratuvardır. Bu nedenle veritabanında diğer ECC birim tarama 

laboratuvarlarlarına göre oldukça fazla veri bulunmaktadır.  Ancak zaman zaman tarama 

verimlerini daha da artırmak için uygulanan prosedürde değişiklikler yapmışlardır.  Bu 

uygulamalar sonucu kaydedilen tarama sonuçları birbiri ile ufak farklılıklar 

içermektedir. Bu nedenle  kullanılacak veri grubunu belirlemek  ve kendi içindeki 

uyumu sağlamak için bazı ayıklamalar yapılmıştır. Bu ayıklamalar aşağıdaki tabloda 

belirtilmiştir. 

Yıl Işınlama günü
Hedef üzerine düşen 
proton sayısı(1019) Etkileşim sayısı

2008 123 1.74 1931

2009 155 3.53 4005

2010 187 4.09 4515

2011 243 4.75 5131

2012 257 3.86 3923

Toplam 965 17.97 19505

  37
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Study of negative binomial distribution in charged-current neutrino–lead 
interactions. European Physical Journal Plus 136, 944 (2021). Doi:https://
doi.org/10.1140/epjp/s13360-021-01938-3.
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 Hedef bölümü Müon  
spektrometre

 Hedef bölümü Müon  
spektrometre

57 emülsiyon 
film 
56 Pb plaka

2 SM, 
31 duvar, 
150,000 birim 

Hedef kütle: 
 1.2 kton

OPERA PROJESİ
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23#

νe  search in 2008 and 2009 runs 

•  Event sample :  
     �505  events without muon in the final state in 2008 and 2009 runs 
•  For each located event 

–  Extrapolate 1ry tracks to CS.  
–  Search for e.m. shower on CS 
–  e.m. shower signal found on CS ! extend the volume. 

 
–  96 are selected 
–  Total 19 νe confirmed 
 
 
 
 
 
 
 
 
 
 
Total 19 nue candidates are found. 

23#

Giovanni#De#Lellis,#Commissione#II#01/02/2013#

OPERA PROJESİ Charged particle
AgBr crystal

Kimyasal  
süreç

Ag

Kamışcıoğlu, Ç. (2017). OPERA Dedektöründeki Nötrino-Kurşun Yüklü Akım Etkileşmelerinde Hadron Çokluk Dağılımlarının İncelenmesi, (Doktora Tezi),Ankara Üniversitesi Fen Bilimleri Enstitüsü, 
Ankara.
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SND@LHC: Scattering and Neutrino Detector at the LHC
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S N D @ L H C , L H C ' d e ş i m d i y e k a d a r 
keşfedilmemiş 7,2<η<8,6’lık bir bölgede 
üretilen nötrinolarla ölçümler gerçekleştirmek 
için önerilen, kompakt ve bağımsız bir projedir. 
Bu özelliği sebebiyle LHC'deki tüm diğer 
deneyleri tamamlayıcı niteliktedir.

SND@LHC ilk olarak hızlandırıcıların erişemeyeceği bir enerji aralığında çarpıştırıcı tarafından 
üretilen nötrinoları gözlemlemeyi amaçlamaktadır.

Dedektör, ATLAS deneyinin etkileşim noktasının (IP) yaklaşık 500 m ekseninden TI18 tüneline 
kurulacaktır.

SND@LHC PROJESİ

https://home.cern/science/experiments/sndlhc
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Figure 4: Side and top views of the SND@LHC detector in the TI18 tunnel [2].

maintaining controlled temperature and humidity levels in order to guarantee optimal conditions
for emulsion films.

The hadronic calorimeter and muon identification system are located downstream of the target
and consist of eight 20 cm-thick thick iron slabs (green) making up 9.5 interaction lengths _int in
total, each followed by one or two planes of 1 cm-thick scintillating bars.

The hadronic shower starts developing already in the target region, which adds on average 1.5
_int, for an average total length of 11 _int, thus providing a good coverage of the hadronic showers.
The muon identification is mainly based on the last three planes of scintillator bars. These planes
have double layers with narrower bars located both vertically and horizontally for higher granularity.

The detector, including the neutron shield described in Section 4.4, exploits all the available
space in the TI18 tunnel to cover the desired range in pseudo-rapidity. Figure 4 shows the side and
top views of the detector positioned inside the tunnel. The size of the tunnel, the tilted slope of
the floor, as well as the distance of tunnel walls and floor from the nominal collision axis, imposed
several constraints to the detector design since no civil engineering work could have been done
in time for the operation in Run 3. The detector layout was therefore optimised in order to find
the best compromise between geometrical constraints and the following physics requirements: a
good calorimetric measurement of the energy requiring about 10 _int, a good muon identification
e�ciency requiring enough material to absorb hadrons, a transverse size of the target region having
the desired azimuthal angular acceptance. The energy measurement and the muon identification
set a constraint on the minimum length of the detector. With the constraints from the tunnel,
this requirement competes with the azimuthal angular acceptance that determines the overall flux
intercepted and therefore the total number of observed interactions. The geometrical constraints
also restrict the detector to the first quadrant only around the nominal collision axis.

The identification of the neutrino flavour is done in charged current interactions by identifying
the charged lepton produced at the primary vertex (see Section 7). Electrons will be clearly separated
from neutral pions thanks to the micrometric accuracy and fine sampling of the Emulsion Cloud
Chambers, which will enable photon conversions downstream of the neutrino interaction vertex to
be identified. Muons will be identified by the electronic detectors as the most penetrating particles.
Tau leptons will be identified topologically in the ECCs, through the observation of the tau decay

– 7 –

TI18 tünelindeki SND@LHC dedektörünün yandan ve üstten görünümleri

FIPs may be produced in the ?? scattering at the LHC interaction point, propagate to the
detector and decay or scatter inside it. A recent work [33] summarises SND@LHC sensitivity
to physics beyond the Standard Model considering the scatterings of light dark matter particles
j via leptophobic * (1)⌫ mediator, as well as decays of Heavy Neutral Leptons, dark scalars and
dark photons. The elastic scattering was considered, showing an excess of neutrino-like elastic
scatterings over the SM yield due to the j + ? process. The excellent spatial resolution of nuclear
emulsions and the muon identification system makes SND@LHC also suited to search for the decay
of neutral mediators decaying in two charged particles.

1.3 Detector layout

The detector layout was developed to allow for the identification of the three neutrino flavours and
the direct search for FIPs.

The layout of the detector, with the exclusion of the neutron shield, is shown in Figure 3. The
apparatus is composed of a target region followed downstream by a hadronic calorimeter and a
muon identification system. Upstream of the target region, two planes of scintillator bars act as a
veto for charged particles, mostly muons coming from IP1. The target region, with a mass of about
830 kg, is instrumented with five walls of Emulsion Cloud Chambers (ECC) [34], each followed by
a Scintillating Fibre (SciFi) plane The ECC technology alternates emulsion films, acting as tracking
devices with micrometric accuracy, with passive material acting as the neutrino target. Tungsten
is used as a passive material to maximize the mass within the available volume. The SciFi planes
provide the timestamp for the reconstructed events and have an appropriate time resolution for the
time-of-flight measurements of particles from IP1. The combination of the emulsion target and the
target tracker also acts as an electromagnetic calorimeter, with a total of 85 -0.

Veto, emulsion target and target tracker are contained in a 30% borated polyethylene and
acrylic box which has the dual function of acting as a neutron shield from low energy neutrons and

Figure 3: Layout of the SND@LHC experiment.
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(a) Overview of the SND detector integration in TI18 (b) Detector services upstream in TI18

(c) Front view of the detector (d) Rear view of the detector

Figure 52: Views of the SND@LHC experimental area in TI18, before the installation of the
neutron-shielded box.

by the end of December 2021. The neutron shield surrounding the target region was constructed
in January and February 2022 and completed underground by March 15C⌘. A picture of the full
detector installed in TI18 is shown in Figure 53.

On April 7th, one-fifth of the target region was partially instrumented with emulsion films,
together with a few independent small emulsion bricks to check machine-induced background
during the LHC commissioning, as the very final step of the detector installation. On May 24th,
SND@LHC registered the first muons from pp collisions and at the beginning of July the first ever
events at a centre-of-mass record energy of 13.6 TeV were recorded. The first target fully equipped
with emulsions was installed on July 26th and emulsion were replaced three times during the 2022
run, integrating a total of ⇠40 fb�1.

10 Ideas for an HL-LHC upgrade

An advanced version of the SND@LHC detector is envisaged for the HL-LHC. It will consist of
two detectors: one placed in the same [ region as SND@LHC, 8.4. 7.2 < [ < 8.4 and the other
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https://cds.cern.ch/record/2838901/files/2210.02784.pdf

- Nötrino etkileşimi tespiti için emülsiyon bulut odaları (Emülsiyon+Tungsten)
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SONUÇ

CERN Genel Direktörü Fabiola Gianotti, "CERN'ün 70 yıllık tarihi boyunca 
elde ettiği başarılar, farklılıklarımızı bir kenara bırakıp ortak yarara 
odaklandığımızda insanlığın neler yapabileceğini gösteriyor" diyor.

Fabiola Gianotti

CERN, son 70 yılda bilimsel bilgi ve teknolojik yeniliklerin ön saflarında yer 
almıştır. Eğitim ve öğretim için bir model, işbirliği ve açık bilim için bir model 
ve dünyanın her yerindeki insanlar için bir ilham kaynağı olmuştur.

“CERN'ün doğanın temel yasalarına ve maddenin bileşenlerine yönelik bu 
keşif yolculuğu, yeni, daha güçlü araçlar ve teknolojilerle gelecekte de devam 
edecek."

Biz de Ankara Üniversitesi olarak CERN’deki rölümüzü geçmişte olduğu gibi, 
devam eden bu keşif yolculuğuna tanıklık etmeye aynı zamanda bir parçası 
olmaya devam edeceğiz. 
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https://home.cern/news/press-release/cern/cern-celebrates-70-years-scientific-discovery-and-innovation
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Ref-1-https://www.symmetrymagazine.org/article/november-2012/how-to-make-a-neutrino-beam?language_content_entity=und

Ref-2-https://www.smithsonianmag.com/science-nature/looking-for-neutrinos-natures-ghost-particles-64200742/#:~:text=About 100 trillion neutrinos pass,see and difficult to detect.

Ref-3-https://icecube.wisc.edu/news/press-releases/2017/11/first-look-at-how-earth-stops-high-energy-neutrinos-in-their-tracks/#:~:text=Neutrinos are abundant subatomic 
particles,through your body every second.


