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CERN'de Yenileme ve Gelistirme

Calismalar
Kerem Cankocak




CERN’de ne ariyoruz?



CERN’de ne ariyoruz?

Nerden geldik?
Nereye gidiyoruz?
“"Her sey” neyden meydana gelmistir?

“Uzlasima gore renk vardir,

Thales Tathlik derler,
Aci derler,
Anaksagoras ... ama gercekte atomlar ve uzay vardir.”

-Demokritos (585 MO)

Aristoteles:

—Toprak
—Hava

—Ates
-Su

€) Andy Brice 1998



Temel Parcaciklarin Kisa Tarihi

Antik Cag : Dort element. MO 5. yiizyilda atom kuramina yonelik
basarisiz girisim (Demokritos).

18. yizylil : Lavoisier ve Dalton atomik yapinin gecerliligini deneysel
olarak dogrular.

1868 : Mendeleev o sirada bilinen 63 atomu iceren element cizelgesini
dnerir. Biraktigi “bos vakalar” kisa stirede dosyalandi. 1896'ya
gelindiginde 77 atom kesfedilmis ve element olarak kabul edilmisti.

1897 : J.J Thompson tarafindan ilk atomalti parcacigin kesfi: elektron.
Pozitif karsiligi aranmaya baslandi, ta Kki...

1911 : Rutherford cekirdegi kesfetti. Transmutasyon reaksiyonlari
hidrojen c¢ekirdeginin 6zel bir rol oynadigini gosterdi.

(%, He + *,N --> 18.F --> 17.0 + 1, p) . Rutherford buna proton adini
verdi.



18. ve 19. yuzyilda elementler
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PERIODIC SYSTEM OF THE ELEMENTS IN GROUPS AND SERIES.

GROUPS OF ELEMENTS
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Proton, elektron ve notron evrendeki tim elementlerin

atomlarini olusturur.



Modern cagda parcacik fizigi

1932 : izole edildiginde kararli olmayan ve su sekilde bozunan nétronu
kesfeder: n > p + e (+ V,). Proton, elektron ve notron evrendeki tim

elementlerin atomlarini olusturur.

Positiwel ycharged nucleus (+z)
" (~ 10" 14 meter dism eter)

The Atom
Surrounding orbiting
electrons (-2)
Path of the electron \
-\
Y
& Electron
. Neutron 3 4 \
: — 10" meters —

BARYON (baryos = agir) : p, n

{5 Proton ‘ ‘ R ,':{ .
-t AT
LEPTON (leptos = hafif) : e /—u P Yf @)
WA, /
A 7‘\ \




Tum Parcaciklar

Fermiyoniar Bozonlar
! 3 m
, . N . \ / = 'S \
*2 7 WAy w! IR Gaio « 172 GeNDe? a =124 97 Gt
n m n 0 C 2
. o " e "“ o | Q o —:
- Higgs
o yukan tilssmiy tepe gluon 99
x J VAN - J bozonu
) - N A \
: &7 Mec -5 Me'vic* 48 CGav ' Q
x 13 w3 3 Q
.‘: 0 .‘: e YlI @ ' 0
agag acaylp alt foton ot
\ J 7\ J ®
e . Nl caas azinae Y (e (. S N £
«0 511 VeV, 0% 45 W) «1LT758 G 0119 G o]
1 1 1 9 N
e W 2 1 =3
- (+4]
w [
C elektron mion tau Z bozonu ';
2 \ J g N . J (
Q '/ \ ”~ " ”~ r*—\
o i «1.0 MV’ Q.17 M) =10 2 Mt =0 30 CGavic
" |; @ : @ ‘ 0 .‘ @
elektron mion tau W bozonu
\_nhotrinosu_J |_notrinosu )\ _notrinosu ) \ )
S

Atomu olusturanlar

Interaction of an antiproton in a bubble.
chamber: 8 pions are produced. One

of them (positive) decays into amuon . % %
and a muon-neutrino Ty

Kuarklarin 2’11 ve 3’1
kombinasyonlarindan yuzlerce
baska “kisadmirli” parcacik
ortaya ¢ikar ve yok olur



Kompozit parcaciklar

e Mezonlar kuark-anti-kuark durumlari: nt = u d.
e Baryonlar 3 kuark bagli durumlari = p: uud.

Mesons qq Baryons gqq and Antibaryons qqq
Mesons are bosonic hadrons. Baryons are fermionic hadrens.
There are about 140 types of mesons, There are about 120 types of baryons,

Quark | Electric | Mass Quark Electric  Mass :
YmECL |larse content | charge  GeVic? Syubotd Ems content charge | GeVic? S
proton uud 1 0.938 | 1/2

R
an‘i' -_— '- Wl d s enm e by st £ .\u“‘“'A

poton | WU | -1 | 0938 | 112
neutron| Udd 0 0.940 | 172

lambda | UdS 0 11416 | 12

omega | SSS -1 1672 | 312

Agir pargaciklar daha
hafif olanlara
“bozunur’ ta ki en
sonunda kararl
parcaciklar kalana
kadar:

Proton ve elektron




Dort Evrensel Kuvvet

Kiitlecekim

Zayif niikleer kuvvet: Z, W= bozon
(ex. Beta bozunumu)

Elektromanyetik kuvvet: foton
(ex. 151k, TV, radyo.,...)

Yegin niikleer kuvvet: ¢ Gluon
(ex. Giines)
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1045

1036 s

1030 s

1024 s

108 g

1012 g

Evrenin tarihi I

1018 GeV
1018

1015

1012

10°

106

103 GeV

Planck zamani

Enflasyon?

GUT donemi? Baryogenesis?
Topolojik bozukluklar?
(monopoles, cosmic strings,
domain walls)

Sipersymmetry kiriliyor?

SU(3) x SU(2) x U(1)



1012g _

106s —

ls -

1h _

Evrenin tarihi II

TeV

GeV

MeV

Electroweak (EW) transition
Fermions, W*, W",Z° kiitle kazaniyor

QCD faz gegisi: kuarklar, g p, n

Big bang nucleosynthesis (BBN)
°H, °He, “He, 7Li

Baryogenesis?

v dekuplaj!
e*e” yokolus
n/p 21/6



lyr —

106yr _|

100 yr |

Now

Evrenin tarihi IIT

keV

eV

meV

Isik ve baryonlarin dekupjl => atomlar
Evren seffaflasiyor
Cosmic Microwave background (CMB) gikiyor

Karanlik Caglar

Galaksilerin olugumu, ilk yildizlar



Kara Madde

galaksiler1 birlikte tutmak e

150

i¢cin karanlik madde gerekli NGC 6503 gorlenen

4 beklenen

i o
0 | [N TR TR AN TN TR TR N N T SR S
0 10 20 30

* Y,Olj aré Hece Radius (kpc)

Begeman, Broeils, Sanders (1991)

Mv? _ GMMor _
T ’)"2

~1/2

Vv~ Tr



Hizlanan Evren (1998) - Kara Enerji

Evidence for Acceleration

Faint | ‘
I Accelerating $ 1 bl —
25 8 Universe ’ <A;‘ ;A' f ..... -
| \ o g T T
:"‘_f’. -----
ot _
g 3 : ,'t.‘.""'-. = . s i
eedr ¢ S UL SR
0 £ i .j" Decelerating Adam G. Riess Brian P. Schmidt = Saul Perlmutter
g- g’ .- f Universe
A (aa] : ’
17 | 1998: Accelerating expansion
Bright '“
[ 1.6 2.0
Redshift Stretch Factor: rsf




Giincel Kozmolojik bulgular

Evrenin tiim enerjisi

yildizlar  Paryon neutrino

Kara Enerji Kara madde

® Yildizlar ve galaksiler ~0.5% f
® Notrinolar ~0.3-10%

® Geri kalan bildik madde (elektron ve protonlar) ~4%

® Kara Madde ~23% ->adaylar hizlandirici fizigi ile incelenmekte

® Kara Enerji ~73%

® Anti-Madde 0%

® Higgs yogunlasmasi ~1062%?? ‘

17
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Standart
model
(bilinen fizik)

Standart
model otesi
(yeni fizik)
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Aynadan bakmak: Madde ve karsi-madde ?

Evrende niye karsi-atom yok?

Iste tiim bu sorularin
cevaplarindan bir
kismini CERN'de

bulacagimizi umuyoruz

0,000,000,00 1 0,000,000,00¢

+1

Madde-antimadde simetrisinin yoklugu

18




Kicuk nesneleri “gormek™

Dalga boyu ~ 1/enerji
Kuark ~1 GeV enerji (yogun enerji)

Proton kitlesi ~ 1 GeV/c?=1.783 X 107% kg
1 TeV = sivri sinegin kanat ¢irpisi

PP —> Zozo + assorted hadrons

~—— —
e e st | —————

——
rpm—

e
v -

o

s ——
———

Atom 10™m 0.00001 GeV (electrons)

Nucleus 10" m 0.01 GeV (alphas)
Nucleon 10"™m 0.1 GeV (electrons)

Quarks ? > 1 GeV (electrons?)



Neden parcaciklari hizlandiriyoruz?

Elektronlar: Bir metalin 1sitilmasi elektronlarin
firlatilmasina neden olur. Katot 1sin tip{ gibi bir
televizyon bu mekanizmay: kullanir.

Protonlar: Hidrojeni iyonize ederek kolayca

Y78 elde edilebilirler

Karsi-parcaciklar: karsi-parcaciklari elde 3
etmek icin once enerjik parcaciklarin bir hedefe
carpmasini saglayin. Daha sonra sanal S

fotonlar veya gluonlar araciligiyla parcacik ve
karsi-parcacik ciftleri yaratilacaktir. Manyetik
alanlar bunlari ayirmak i¢in kullanilabilir.



VACUUM

LHC buyuk bir TV tupu
gibidir

ELECTRON
SEAM

CATHODE FOCUSING
£ Qe EUhON

7 TeV =7x1012 eV Demet enerjisi
1034 cm-2 s-Luminozite
281315 paket/demet
10 Proton/paket

=== Proton
N 7Tev  Proton
(’ @ “Colliding bunches 4x107Hz P

¢y \\Proton collisions  10° Hz
\%arton collisions
)
New particles 105Hz

(Higgs, SUSY, ....)

Protonlar her 25 ns’de bir ¢arpisiyorlar..



Tesir Kesiti ve Luminozite (Parlaklik)

» "fundamental equation of high energy physics"

N = LO'E efficiency
3 / / \ (accep’rance)
number

of events iy oguofog  productin
luminosity Cross Szec ion
(m-2) (m?)

* luminosity: number per unit scattering area per
unit time



Pile-up (y181lma) Sorunu

integrated 3000 fb!
luminosity REOHIIE R

Her 25 ns’de bir...! = saniyede 40 milyon (1 milyar?) ¢carpisma



Parcacik tespitinin temel prensipleri

Yiikli parcaciklarin madde icinden gecisi

Atomik elektronlar ile etkilesim =) iyonizasyon
(ndtr atom — ion" + serbest elektron)

mmm) Atom seviyelerinin uyarilmasi
(de-excitation — photon emission)

Ionization + excitation of atomic energy levels smmp energy loss
Mean energy loss rate — dE /dx

x.

= proportional to (electric charge)?
of incident particle

= O &

e bl

= for a given material, function only
of incident particle velocity

= typical value at minimum:
—dE ldx=1-2 MeV /(g cm™?)

— dE/dx (MeV g~'em?)

NOTE: traversed thickness (dx) is given o I 1 I LTI T T
in g /cm2 to be independent of material 0.1 1.0 10 i .\11(}0 1000 10000
density (for variable density materials, pr

such as gases) — multiply dE /dx by density (g/cm?) to obtain dE /dx in MeV/cm




Hadronik dus

Simulation in copper

Shower development by
strong interaction

An energetic hadron
interacting with matter leads
to multi-particle production,
these in turn interact with
further nuclei or decay (pion)

Multiplication continues until

the pion production threshold.

Space
L e_
Time
SOOOEI I 1 I ] I ] I ] I 1 I ] I ] I ] I ] I ] I 1 I |E
[ oo - 136Gev |
~ Qo m 135 GeV -
10,00/ Ao =
. = = Q A e =
~ £ 0.00Eee %0 o " u v20GeV
g Z ovvy Yo, H 49 g o 10GeV ]
) vooo Yy ®o L R
Y 100 mg% Yy ¢ “m° =
3= 0.508 .o "y ? m © =
o v 2 =
o > B . Y * . m 2 5 z
L 8 E m ., Y L 4 B o
= 0.10L e Y. C "m
0.05F . v . =
o - . . v . 2
C o . v " ]
OO Ll e b g gl el g & |
o 1 2 3 4 5 6 7 8 9 10 11 121

Calorimeter depth (A1)

227

w



EM & Hadronic Interactions

ABSORBER _ ~ 15 f\
& f..._”}. E w et I|
componenl 2 ~ \
&
=10 /
A . - E
""""""""""" . — } Yon-£nt 1 New- ™ cennipomen || \
--“-.'.I 1 . ; : i |.||;I.'|ll' el ‘-: "h
¥ i i e THOU L[PG ETEET v 5 /
= S “p @
§] _.--f"/ ) i B 1 I\\ ]
0 0.2 0.4 0.6 0.8 1.0

Signal /(e farh, umnits)

Hadrons create showers via strong interactions just like electrons and
photons create them via EM.

Mean energy of pion with initial energy Ey after traversing material
depth A (interaction length): _)y
<E > =FE.e '/

Mean energy of electron with initial energy Eq, after traversing material

depth X, (radiation length): e
_Fe X
<E > = L€



Scintilators (SCihTi”GTiOH

Excitation and ionization creates scintillation light which are sent then to
the Photomultipliers (PMT)

Scintillatiors: crystalline ( thallium-sodium iodide [NaI(TI)] ) or organic
(plastics)

Photocathode Dvnodes Anode
— A S |
| ~ J A AN T T T ’g
&-M — 3 S A S A d
N
/ 4 Signal
Scintillator Light Guide Photomultipler Tube (PMT)
5 T
Conduction Band - — Na(Tl)
2 N — Csl(Na)
@ £ 4 — CslI(M)
k >
I
Q o " a5 3
Y l l 158 ¥ Traps % /
o O |8 2 \
Q o 3 e
o o | D
e I 2| 8 Q Aﬂ \\
= 1 71 £ V4 S
O

200 400 600 800
Valence Band Wavelength (nm)



Photomultiplier tube (PMT)

Photo-cathod

photon

electron

I

Dynodes v
it | =  Analog signal
ADC
v
D.€. C .
Digital signal

Typical gain 109 . In 200 ps



Sampling calorimeters:
Absorber+sampler

detector , Calorimeter



CMS Dedektoru

A Compact Solenoidal Detector for LHC [LHC icin Tikiz Bir Solenid Dedektor]

|_Mion odalan__ Iz saptayici! | Kristal ECAL HCAL.

- " .

Ileri Calorimetre

Toplam agirhik: 12,500 t.
Toplam ¢ap: 12,00 m
Toplam uzunluk: 21,60 m
Manyetik alan: 4 Tesla

fSﬁperiIetken bobiri Dol ,a;,umu

Cl FARA G 11 g Al
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Calarimeter Solenoxd 1§
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Iz Takp Ekktromanyetk  Hadron Muon neutrino
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e.m. calorimeter

pion -
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Dedektorde ne gozluyoruz?

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

photons ‘44

'

et
—»

muons
—>

+

=P

—

. <<

Innermost Layer... P» ...Outermost Layer

Particles are detected via their interaction with matter.

Many types of interactions are involved, mainly electromagnetic.
In the end, always rely on ionization and excitation of matter.



High Luminosity LHC

i
3
%
i
£l
!
!
'

HL-LHC presents increased challenges for Triggering, Tracking
and Calorimetry, in particular for low to medium P; objects




CMS Yenileme Calismalari

HGCAL The high-granularity calorimeter

e J—

MS L1-Trigger CMS DAQ & High-Level Trigge
et https://cd:.cern.ch/record/2714892 https://cds.cern.ch/record/2

R

r Barrel Calorimeters
759072 https://cds.cern.ch/record/2283187

* Tracks ’a L1-Trigger at 40 MHz :
o Partidt Flow seglgection Full optical readout =« ECALsingle crystal granularity at L1 trigger
« 750z L1 output Heterogenous architecture P with precise timing for e/y at 30 GeV
o 40 fiiz data scoutin 60 TB/s event network 7 * ECAL and HCAL new Back-End boards
g 7.5 kHz HLT output /,/

https://cds.cern.ch/record/2283189
* DT & CSC new FE/BE readout

* RPC back-end electronics

* New GEM/RPC1.6<n<2.4

* Extended coverage ton ~3

Calorimeter Endcap
https://cds.cern.ch/record /2293646
* 3D showers and precise timing

* Si, Scint+SiPM in Pb/W-SS e

S
- 1 Beam Radiation Instr. and Luminosity =
Iracker | y
, _ =i , http://cds.cern. 1/2759074 \Y |

https://cds.cern.ch/record/2272264 MIP Timing Detector ltt:;eé/:;b;:;i::ﬁir:m” 1275 C/ S\-..“
* Si-Strip and Pixels increased granularity https://cds.cern.ch/record/2667167 ., Beam-induced backgmund P S
* Design for tracking in L1-Trigger Precision timing with: o Bundibeba ik alccaty: (a\ W)

* Extended coverage ton ~3.8 * Barrel layer: Crystals + SiPMs 1% offline. 2% online N N\

* Endcap layer:
Low Gain Avalanche Diodes

* Neutron and mixed-field radiation
monitors




High Luminosity LHC as a Higgs factory

N = Loe

Measure as many Higgs couplings to fermions and bosons as precisely as possible

Measure Higgs self-couplings (give access to A)

Verify that the Higgs boson fixes the SM problems with W and Z scattering at
high E

Check if Higgs cancel divergences in Vector boson fusion ...etc




HCAL Endcap (HE)

Sampling Calorimeter: Layers of passive brass absorber alternate with active
scintillator layers

Scintillation
-2 WLS/SiPM
readout

ECAL Endcap (EE) A Homogeneous Crystal Calorimeter:
Single dense medium(PbWO4) serves as both absorber and
signal producer (scintillation)

Light detector
Vacuum
PhotoTriodes

(VPTs)




Yenilenme Projesi: HGCAL
(The high-granularity calorimeter)

-




HGCAL 1¢cin motivasyonlar

* YUuksek Radyasyon Ortami sunlari gerektirir:
Mevcut CMS Endcap Kalorimetrelerinin daha radyasyona dayanikli bir 6rnekleme
kalorimetresi ile degistirilmesi:
Elektromanyetik Bolum (CE-E)
Hadronik Bolum (CE-H)
* Yuksek Yigilma sunlari gerektirir:
Eneriji birikimlerinin izlere dogru bir sekilde atanmasi ic¢in yuksek granulerlik
Hassas zamanlama dedektorleri (30 ps)
* Yuksek Parlaklik sunlari gerektirir:
Yuksek PU'ya ragmen daha iyi segicilik i¢in gelistiriimis L1 Tetikleyici primitifleri
Tetikleyici ve DAQ sistemlerinin tamamen yenilenmesi

VBF H (w)[
g
vy |
v
4 o)

B 86 & 8

200}
30
P It
500
800

EEEE

8
g
8
g
8
g

600 -500 400 -300 -200 -100 0 ! 600 -500 -400 -300 -200 -100 O -600 -500 -400 -300 -200 -100 O
S ximm) x{mm) x{mm) x{mm)



HGCAL Layout

High Granularity Calorimeter (HGCAL) covers 1.5 n < 3

Active elements: Si sensors & SiPM on Scinfillating tiles

Silicon sensors will be used for the electromagnetic section and high
radiation regions of the hadronic section

~620 m? silicon sensors produced on 8" wafers /
Three different thicknesses: 120 um, 200 um and 300 um

Fluences of up to 1e!® neq/cm? n~15

6 M Si channels, 0.5 or 1.2 cm? cell size
26.000 Si modules

e R Xk X

n ~3 v
/ & o
\ 2m P
electromagnetic section hadrolmtt:)c set;:‘rlon
" (Cu/CuW/Pb absorber) (Zsl*fe abser! :")
Silicon module 26 layers, 27.7 Xo ayers,

le+04

, SiPM-on-Ti

disaan S

Plastic scintillator tiles with direct (on-tile) SiPM readout are used for 1et0d

those sections of the hadronic calorimeter that will be exposed to less _ |
than ~5x1013n/cm? after 3000fb-! ||||| I
~370 m? of scintillators, 4-30 cm? I||||r||" 11
3700 Scintillator modules |

220 tonnes per endcap, maintained at -30° C

Dose [Gy]

le+02

le+01




Silicon Module of HGCAL

PCB (‘Hexaboards’):

* PCB with electronics and connectors - Connects to motherboard for data
transfer

Silicon sensor

Kapton sheet: for insulation/grounding

Baseplate: Rigidity, contributes to absorber material

T ——
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The S1PM on tile Modules of HGCAL

Tileboard
Tile board PCB: - -
. . ope Vi ropped
* is connecting Silicon photo to HGROC'’s tiles
* and to motherboard for control and data ‘
, Bare tile |

transfer

Scintillating tiles
Reflective foil wrapping
Light collection by SiPM’s
LED light injection

~ Reflective Foil
-~ Wrapping

Singen Mot s-PM
Soatanche Diode (SFAU) l

ol

S T U R Module Counts
\ e \ """"""" Module Type | CE-H 18C CE-H 18D
.y /[ LD Full 6 7
,\--" ' LD Half Top 1 2
LD Half Bottom 1 0
| LDSemiRight | - 1
AS 2 2
A6 1 1
B12 3 3
D8 3 3
E8 3 3
G8 3 3
CE-H 18D CE-H 18C G8L | 2 | 1
Mazal Ahari 4 GsR 1 1 &




Electronics/Boards

LN
IR
1 )4

busbar

DCDC converters

Under construction



A
FE
PPO PP1
(MTP12) (MTP24)

DAQ
BE

. TRIG
BE

PP2
(MTP24)

BE
MTP24)

Shuffle rac)

Vertical Test System Electronics

“mini” front-end
Si Train v3

DAQ Data (fine) @ f;,,

Slow and Fast Control
IpGBT F/O link pair

1 x 10 Gb/s per up-link s

TPG Data (coarse) @ 40 MHz

1 x IpGBT F/O link
10 Gb/s per up-link

1 x 2.5 Gb/s per down-link

Readout chip: HGCROC

* HGCROC measures up to 72 readout channels on a module
* As well as 4 common mode channels to mi7gate noise and 2

calibraZon channels

“mini” back-end
SERENITY vl.1

« Trigger path
* Sum of 4 (9) channels,
linearization, 7-bit floating point
output
« 4 Trigger 1.28 Gbps output links

* DAQ path

TOA) for 12.5pus

* 512 depth DRAM, circular buffer,
storing full event info (ADC, TOT and

* 2 DAQ 1.28 Gbps output links

=] ~400Gbps throughput

lOff detector

Optical Uplinks: 10.24 Gbps

-|lll

[l

lOn detector

* Data is sent off

IpGBT VTRX+

Front-End electronics
on the cassettes

Optical Downlink: 2.56 Gbps

getector on optical
fibers at 10 Gbps 1.28 Gbps (e-l.nV N.uﬁbpslulnk)
ECON-T  ECON-D ECON-T ECON-D
/ 1.28 Ghps {e-links) Lddd \ 1.28 Gbps (e-links)

=== HGCROC ®®® LGCROC

hip

HGCROC ®e®® HGCROC

Sensor

Sensor

A

CERN
LAN

Ext. Clock
160 MHz






