





ERN: the World’s Most Complete
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A1ré Tn Puoikn oTnv latpikn

YTdpxel pia yokpd Tapadoon va XpnoidoTrolouvTtal TExXVoAoyieg atrd tn Puoiki
YwnAwv Evepyelwv o aAAa eTTIOTAPOVIKA TTEQIA Kal €1I0IKA oTNV lATPIKA.

H texvoAoyia PET gekivnoe oto CERN e tov Prof. David Townsend (¢pwT0)
AT16 2D o¢ 3D PET — kAivik emmikUpwon (clinical validation) Tn¢ véag PET texvoAoyiag
yia atTeEIKOVION EYKEPAAOU KaBwWS Kal oAbowun atreikdvion (brain and whole-body).

David Townsend , CERN , February 2005.

EvayyeAia AnupofaciAn, CERN



Eicaywyn otnv Topoypa@ia Molitpoviwv

Daivépevo didupung yéveong: £va TTOJITPOVIO TTOU EKTTEUTTETAI ATTO TO PAdIOPAPUAKO TToU £AABE O
a00gvG, OUYKPOUETAI TUXAIA UE KATTOIO NAEKTPOVIO TWV OTABEPWV ATOHWY TWV TTEPIE I0TWV. ATTO TN
oUyKpouon auTH ap@OTEPa £EAUAWVOVTAI KAl JETATPETTOVTAI O QUO QWTOVIA. T QWTOVIA AUTA
EKTTEUTTOVTAI O€ DIOPOPETIKEG KATEUBUVOEIC pE Yywvia 180° kai €xouv evépyeia 511 KeV. Ao Tnv
avixveuon Toug pe TNV Kauepa PET mTpokUTITEl N B€0N EKTTOUTING TOU APXIKOU TTOITPOVIOU.
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Annihilation
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A.Del Guerra, CERN Academic Training 2009
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[MepIOPIOTIKOI TTOPAYOVTEG

H xwplIk dIakpITIKN IKAvOTNTA VoG ouaThuaTog PET gival n Ikavotnta va dIaKPIVEl
MIKPEC OOMEC META TN MABNUATIKI) AVOKATAOKEUN TNG EIKOVAG. 2€ OCUCTANATA UE
OIOKPITOUG (MEMOVWHEVOUG) QVIXVEUTEG, N XWPIKN dIAKPITIKI IKAvVOTNTA KaBopileTal
aTTO TO MEYEBOG TWV JENOVWHEVWY KPUCTAAAWV.

[MapdyovTeg TTou €TTNPEAZOUV APVNTIKA TNV XWPEIKNA OIOKPITIKA IKAVOTNTA Eival:

O the effective positron range

( the depth of interaction (DOI) effect.

EvayyeAia AnpoBaciin, CERN



Standard PET onpepa

* BpaXelg, AKTLVIKA
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KAINOTOMIEZ THZ ZYNEPTAZIAZ AX-PET

O Emunikeic kpuotaAAol (LYSO) oe agovikny didTagn

O Mepovwpévo ouoTnua avayvwaong orfuaTog atro Kabe ogipa
KpuoTAAAwV pe G-APDs (Geiger-mode Avalanche Photo Diodes).

O Avo AX-PET trpétutra dnuioupyndnkav oto CERN kI £€xouv TTARpwS
XOPAKTNPIOTEI uE padievePYEC TTNYES Na-22

O MNoAU KaA cuuTTEPIPOPA Kal ATTOO0CN OCOV APOPA OTN XWAEIKN Kal
EVEPYEIOKN OIAKPITIKA IKAVOTNTA .

O 2tnv Tapouca ¢Aacn aoxoAouvTtal e AYn €IKOVWY aT1TO OhoIwhaTa
(phantoms filled with F-18) og uddaTivo didAupa.

O 210 TTpooEXEC HEAAOV Ba dleupeuvrioouv TN XPRoN WN@IOKWY
avixveuTtwv (digital Silicon Photomultipliers (dSiPM) tng Philips)

EvayyeAia AnpoBaciin, CERN



PET

y

OMOI OVIXVEUTEC

y
y

AOTATN AVOKATAOKEUN

AX-PET: kaivor
ME TTARPN TPICOI

EvayyeAia AnpoBaciAn, CERN



MEDIPIX (1, 2 ...)

TéAg10 TTApaAdeIypa peTaPOpPAg TeEXvoAoyiag atrdé to CERN

Source: the Web

EvayyeAia AnpoBaciin, CERN

Medipix2 eival Eva TOITT-AVIXVEUTAG
(KaTapeTPNTAC YWTOViwy, dnA. photon counting
X-ray detector 1TOU QTTOTEAEITAI ATTO £Va
oTpwua 300 um silicon detector layer, which is
attached to a pixel read-out chip with 256x256
55 um square pixels.

ApPXIKOG OKOTTOC fTav va dnuioupynbei Eva
oUuCoTNMUA YIA IATPIKN OTTEIKOVION OTTWG
HaoToypa@ia n yia epapuoyr otnv KapdloAoyia.
QoT1600, TO TOITT AUTO BPIOKEI EUPEIa EQapuUoyn
oTn Blognxavia, atrd ToIMEVTO Kal avaAuon
UAIKWV JEXPI pappakoflounxavia.



CRYSTAL

CRYSTAL CLEAR

AleBvnc ouvepyaoia evepyr) oTnV €peuva Kol avamtuén UALKWVY yla VEOUC
QVLXVEUTEC oTivBnplopol mou xpnotpornololvtal otnv duokn vPnAwv
EVEPYELWYV, OTNV LOTPLKNA QTIELKOVLON Kol 0€ BLOUNXAVLIKEC EdAPLOYEC.

«  IMAarpdppa ocvvepyaoiog Kot avtaAAaync yvwong (1990)

*  ZmvOnploti¢ ylo to nAektpopayvntiko Oepuidoperpo (ECAL) tov CMS
* lorpikn ameikovion

*  Topodeiypoara epoppoywv: ClearPEM-Sonic

EvayyeAia AnpoBaciin, CERN
14



»
Positron Emission Mammograph&'e”med

KpuoTtaAAol evavTiov KapKivou

* ASloONMEIWTO TTAPADEIYMA HETAPOPAG TEXVOAOYIOG
a1Té TN CWHATIOIOKA QUOIKHA OoTnV laTpikn.

* PET £&c101IKeUéVOG O€ ATTEIKOVIOT HAOCTOU,

* EMITPETTEI UPNAR evaioOnoia oTnv avixveuon
MIKPWV KOPKIVIKWV OYKWV.

» 2uvepyaoia NMoprtoyaAiag — CERN- Crystal Clear

» AtroTpéTrel Bloyieg
* KAivikég dokipég otnyv MNMopTtoyaAia Kai

MaocoalAia

TEXVIKA XOPOKTNPIOTIKA:

» 6000 crystals 2x2x20 mm
 Avalanche Photodiodes (APD)
» Low noise electronics

 High rate data acquisition

« Spatial resolution 1-2 mm

* Breast region

EvayyeAia AnupofaciAn, CERN



ClearPEM-Sonic : cuvepyacia yLatpwv -puoikwv

ClearPEM METABOLIC information

‘_.

, w0

2TOXO0C: avixveuon OyKwv 1-2mm Kai TTpooSIOPICHOC ETTITTEOOU KAPKIVIKOU OEIKTN

EvayyeAia AnpoBaciAn, CERN Courtesy : Dr Paul Lecoq (CERN)
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Endo TOFPET-US €5 erimed

Endoscopic probes for simultaneous PET/ultrasound imaging
for image-guided interventions

2UVOUAOHOC AEITOUPYIKNG BIOAOYIKAC TTANPOPOPIag

Kal JOP®OAOYIKNG TTANPOPOPIAS aTTO TOV UTTEPNXO.
EvayyeAia AnpoBaaciin, CERN



ISOLDE

» On-Line Isotope Mass Separator ISOLDE civar pia eykaraortaon
QTTOKAEIOTIKA YIA TNV TTAPAywyr MEYAANG TTOKIAIOC padIEVEPYWYV ICOTOTTWY KAl
OEOUWYV VYIa OBIaPOPETIKA Treipdpara ota Tredia TNS Mupnvikic PuUOIKAC,
ATOMIKAC PUCIKNC, ZTEPEAC KaTAoTaong, EmOoTAPNG YAIKWVY Kal BIOAOYIKWY
ETTIOTNMWV.

» Bpioketal oto Proton-Synchrotron Booster (PSB) tou CERN.

» MéAn: Belgium, CERN, Denmark, Finland, France, Germany, Italy, Spain,

Sweden, and the United Kingdom.

EvayyeAia AnpofaciAn, CERN



PadioicoTotra pe moavr latpikr (BEpaTtreuTikn) EQapuoyn

NUCLIDE | T1/2 |Radiation| Emax |E(mean)| range | volume | Ey (*) production
[MeV] | [MeV] | [um] | factor | [keV] | [% ] route
149-Tb | 41n o 3967.0 | 3.97 28 1 s.Tab.1 see Tab.1
47-Sc 3.3d B,y 0.6 0.161 300 1200 159 70 47-Ca --R--> 47-Sc  generator
90-Y 64.1h B 2.3 0.934 | 4200 |3400000| no 90-Sr --R ---> 90-Y generator
137m-Ce | 34.4h e 0.2 0.203 500 5 700 254 11 136-Ce (n,y) 137m-Ce reactor
141-Ce | 325d By 0.6 0.171 400 2900 145 48.4 235-U (n,f) fis.prod. reactor
141-Pr (p,n) 141-Ce cyclotron
142-Pr 19.1h By 2.2 0.809 | 3500 [2000000| 1576 3.7 | 142-Pr(n,y)143-Ce --R--> 143-Pr reactor
143-Pr 13.6d B 0.9 0.315 | 900 33 000 no 142-Ce(n,y)143-Ce --R-->143-Pr reactor
147-Nd 1d By 0.9 0.27 700 16 000 )| 28 235-U (n,f) fis.prod. reactor
531 13 146-Nd (n,y) 147-Nd  reactor
149-Pm 53.1h B 1.1 0.366 1100 61 000 weak 148-Nd(n,y)149-Nd--3-->149-Pm reactor
153-Sm 46.7 h B,y 0.8 0.269 | 1000 57 000 103 28.3 152-Sm (n,y) 153-Sm reactor
159-Gd 18.6 h B,y 1.0 0.312 800 23 000 364 10.8 158-Gd (n,y) 159-Gd reactor
161-Thb 6.9d B,y 0.6 0.195 800 26 000 75 9.8 160-Gd(n,y)161-Gd--R-->161-Tb reactor
166-Ho 26.8 h B,y 1.9 0.694 | 3400 |2200000| 80.6 6.2 | 164-Dy(2n,y)166-Dy--R-->166-Ho reactor
169-Er 9.4d B 0.3 0.103 200 360 no 168-Er (n,y) 169-Er reactor
175-Yb 4.2d B,y 0.5 0.13 250 700 396 6.5 174-Yb (n,y) 175-Yb reactor
177-Lu 6.7d B,y 0.5 0.147 300 1 200 208 11 176-Yb(n,y)177-Yb--B3-->177-Lu reactor




| Padloicotona napayovral oto neipapa ISOLDE

tou CERN- to péAAov otnv NMupnvikni latpkn

>toxotL touv CERN:

Mo vea Eupwmaikn cuvepyooio ylao LEAETEC OTOUC TOUELC TNC Blo-
LOTPLKAC Kot Mupnvikng latpkng e ‘carrier-free’ padloiotomna amno
10 ISOLDE kot dAAEC TINYEC (padioicotono otoweiov ot kabapr] popdr).

» Adiabatic Resonance Crossing Technique (C. Rubbia) yia
Bropnyovikn mapaywyn ’Mo and 12°Xe . Ta Buyoatpikd LooTomna,
PMTc and 12°1, ypnipomoloUvtal EUPEWC O€ lOTPLKEC EPapPLLOYEC.

* Padlo-xnuiko epyaotnplo oto ISOLDE yia xnuiko kaBaplopo twv
padlolocotonwy ‘on-site’ (chemical purification of radioisotopes).

e TexvoAoyLlKeC AUOELC yLa TTapaywyn LOOTOTIWY O€ HeEYAAUTEPN
KALpoka pe tn BonBeta vewv kal avaBoBuULoUEVWY ETILTAXUVTWV
(LINAC4, SPL).

EuayyeAia AnpoBaciAn, CERN



Balloon

‘Oykoc SeSopévwv ard tov LHC | < <7

CD stack with
1 year LHC data!
(— 20 Km)

ETRO10 aTTAITOUMEVN XWPENTIKOTNTA:

12-14 PetaBytes/year

Concorde
(15 Km)

50 CD-ROM -
— 35 GB Mt. Blanc g

EvayyeAia AnpoBaciAn, CERN



140 vToloy1oTIKA KEVIPA GE 35 YDPES) EVOUEVA Y1 VA, AVOADGOLYV OEDOUEVA, TOV
CERN
To Grid gtval Tpdtlext ‘amokévipmonc’ amd To EPYACTIPLO TOV ONUIOVPYNGE TO
Aladiktvo- topa Non WAGue yio avafaduion o€ cloud computing!




TaTtpikéc epappoyéc ato GRID (I)

Mammogrid, Mammogrid + (2002-2007)

H ocuveicpopda Tou CERN:

il Cambridge

v Middleware (AoyIiOuIKO TTOU
ETTITPETTEI TN OUVOEON METALU
TTOAAWV UTTOAOYIOTWV KOl

OIOPOPETIKWYV XPNOTWV/KEVTPWV)

v Ac@dAcia woTe TO oUCTNUA VA
MTTOpPEI va evtaxBei otnv
UTTOAOYIOTIKI) UTTOOOWI) TOU

VOOOKOWMEIOU



MEBoDOOI akTIVOBEPATTEIQC

* BpayuBeparTreia

— Eloaywyn padievepywyv TTNyWV OTO CWHA

* TnAeBepartreia

— BouBapdiouocg Tou KAPKIVIKOU OYKOU JE aKTIVORBOAIa
TTOU TTPOEPXETAI ATTO TINYECG ECWTEPIKA TOU CWHATOS TOU a0BeVOoUC

EvayyeAia AnpoBaciin, CERN



Mpyalcia IaTpikAg PUOIKAG: YPAUMIKOC ENITAXUVTAC NAEKTPOVIWV

Sigmur Varian William W. Hansen

Russell Varian

1939

Epeupeon Tou klystron

1947
first linac for electrons
4.5 MeV and 3 GHz

EvayyeAia AnpoBaciAn, CERN



@ ‘ IaTPIKOC YPAUMIKOG EMITAXUVTNC

Klystron

Mﬂlllﬂ!

Power supply

760S PSA

Varian Clinac 1800

Control consocle Secondary cooling system

EvayyeAia AnpoBaciAn, CERN



TnAgBepartreia

1. 2uvedpia Npooouoiwong (UTTOAOYIOTIKI) TOPOYPAYIQ)

2. O oykoAdyoc kaBopilel Tov TPIoBIACTATO OYKO KAl TOUG UYIEIC
TTAPAKEIPUEVOUC I0TOUG

3. O Quoikég oxediadlel TIG OEOMES YIa TV OKTIVOBOANON
Kal utroAoyilel Tn dooIpETpia

4. +++

EvayyeAia Anpopaciin, CERN



YTToAOYIOHOG OO60NG aocBevoug

60Gy in 30 Fracti_Fns
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Mapadeiypa GAANG pEBOSOU akTIVOBEpaTTEIQG
(IMRT -Intensity Modulated Radiation Therapy)

EvayyeAia AnupofaciAn, CERN



Napadeiypa IMPT
HE pwTOVIA.

Me Tnv npocBnkn 9
nediwv €ival duvaTto
va KATAaOKEUAOTEI HIa
UWnAQ ouppopP®N
kKaTavoun doong Je
£nNiong KaAo
nePIOPIOUO TNG d0oNG
oTNV MEPIOXN TOU
eykepalou (courtesy
of T. Lomax, PSI).

E. Pedroni, Europhysics News (2000) Vol. 31 No. 6

EvayyeAia Anpopaciin, CERN



I Adpovikn Bepamneia: Evapén to 1946

Robert Wilson:
— Ta TpwWTOVIA HTTOPOUV VA XPNnoiJotToinfouyv
KAIVIKA
— EmTaxuvTtég diaBéoipol
— Méyiotn d60n akTivoBoAiag ptropei va
EVATTOTEDEI OTOV KAPKIVIKO OYKO
— lMpooTacia TWV UYIWV ICTWV ME BepaTreia

dpUTAC Kal TTPWTOG
TTPWTOVIiWV

O1euBuVvTAG Tou Fermilab

Carbon (270 MeV) |

1 Electrons @1 MeV)|
‘/

Photons |

b

Protons I

Relative dose [%] .
3 ] 3 3 8
- : - | : i |
»
il

y'S
100 Depth [mm] 200 300

o
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Oepartreia pe adpovia n 16vTa
[TAcoveKTAMATO

*  HakpiBela tng pebodou aktvoBoAnong otnv katavoun tg 06ong

*  MeyaAUtepn Bloloyikn Spaotikotnta

*  YUPnAotepeg SOOELC OTOV KAPKLVIKO OYKO Onpaivel peyaAUTtepes mBavOTNTEC Laong

. Avvatotnta Beparmeiag Oykwv ou Bpiokovtal og peyaia Badn (mx ~ 34 cm yla S€opun MPwToViwy
235 MeV)

2 UMBaTIKA akTivoBepartreia kal Bepartreia pe 1dvra

EvayyeAia AnpoBaciin, CERN



Xpoviki] AvocKornon

1946 — proton therapy proposed Robert Wilson

1954 — first patient treated in Berkeley

1957 — first patients treated with protons in Europe at Uppsala

1993 — patients treated at the first hospital-based facility at Loma Linda
1994 — first patient studies with carbon ions at HIMAC, Japan

1996 — patient treated at GSI, Darmstadt, Germany

2009 — first European proton-carbon ion facility starts treatment in Heidelberg

EvayyeAia Anpofaciin, CERN



H ouvepyacia PIMMS

e H ocuvepyaoia Eekivnoe T0 1996 HeTd TNV vTOYpad)
ovpdwviag peta tov Med-AUSTRON (A) ko TERA (1)

e CERN oupdwvnoe va draoéevnoel to mpotlekt oto PS-
Division

o Apymzspa) otn ovumpoén eloywpnoe kot f ONKOLOGY
2000

e Ytevi) ovvepyaoia pe to GSI (D)
e H douvAeid Eskivnoe lavoudplo 1996 yia 4 xpOvia.

o TeAkd tEf?’lKO oxedlo dlafeotpo og popdr CD ROM ko
CERN Yellow Report.

EvayyeAia AnpoBaciin, CERN



Heidelberg ion gantry: 600 tons and 400 kW
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KENTPA AAPONIKHZ OEPATEIAZ

O Carbon lon centres

—&— Proton therapy centres

—B&—Proton therapy patients

2010

sjuaned jo JaquinN




Euayyehia AnpoBaciAn, CERN IBA CYCLOTRON




SYNCHROTRON

EvayyeAia AnpoBaciin, CERN



Energy selection and beam transport systems

EvayyeAia AnpoBaaciin, CERN



...[TOAAQL EPWTNHATIKAL. ..

 How to calculate RBE?

 What is the required physical dose?

 What is the best fractionation scheme?

e What is the optimum treatment plan?

 What is the optimum Z?

* How to measure the dose in real time?

* How to ensure dose is delivered to the target?

 How to model the body’s inhomogeneities?

 What mechanisms at cell, tissue, organ level?

 What are the late effects compared with conventional RT?

EuayyeAia AnpoBaciAn, CERN



OAAEC TBavec BeATIwOoELC

TEXVOAOYLKN TIPOKANON
— accelerator
— beam delivery (moving target)
— Imaging
— dosimetry
— Monte Carlo modelling

EuayyeAia AnpoBaciAn, CERN



CERN-HERMES network

(HEllenic Research network on Medical and novEl technologieS)

EvayyeAia AnuopaciAn, CERN



European Laboratory for Particle Physics CERN-HERMES
Laboratoire européen pour la physique des particules
' Scientific Director

l I

' Steering Committee | ' Advisory Board

1

U Technical Coordinator

-

Network 1 Network 2 Network 3 Network 4 Network 5

7

CERN (PH-CMX) CERN (ISOLDE) CERN (DGS-RP) CERN (PH-CMS) CERN (EN-MME)

IASA N CEMOERIIOS DUTH UNIVERSITY NTUA

1. Institute of Nuclear &

2. Inscitute of Radiokotopes &
TEIATHENS Radiodiagnostic products uoc
3. Institute of Nuclear
uoA technology & radiation
protection)

- /

Dr Evangelia Dimovasili, CERN-HERMES kick-off meeting

46



(ﬁgw European Laboratory for Particle Physics CERN-HERMES
A\ Laboratoire européen pour la physique des particules

CERN partners

NAME DEPARTMENT/Group FUNCTION

Etiennette Auffray Hillemanns | PH/CMX Sentor Physicist, Spokesperson of the Crystal Clear
Collaboration and CMS member

Magdalena Kowalska PH/SME Physics Coordmator at the ISOLDE experiment

Paul Lecog e Sentor Physicist. Technical Coordinator of the European
Centre of Research on Medical Imaging (CERIMED)

Federico Ravott PH/DT-DI Nuclear Engineer, Irradiation facility responsible

Stefano Sgobba EN/MME-MM Senior Material Engmeer. Leader of the materials

Marco Silan DGS/-RP Sentor radhiation and medical physicist

Thierry Stora EN-STI-RBS Senior radiation technician

47
Dr Evangelia Dimovasili, CERN-HERMES kick-off meeting



John Damilakis University of Crete

CELEWITEE I STITE  University of Athens & Greek Atomic

Energy Commission (GAEC)

Evangelos Georgiou University of Athens
Spiretta Golemati University of Athens
Sotirios Harissopulos N.C.S.R. DEMOKRITOS, Athens

Vassiliki Greek Atomic Energy Commission
Kamenopoulou

Stavros Kourkoulis National Tech.Univ.Athens (NTUA)

George Loudos Technological Educational Institute of
Athens

George Nikiforidis University of Patras

National Technical University of Athens
N.C.S.R. DEMOKRITOS, Athens

Greek Atomic Energy Commission
University of Cyprus, Nicosia, Cyprus
University of Cyprus, Nicosia, Cyprus
University of Patras

Sakellaropoulos

loannis Seimenis Democritus University of Thrace

Spiros Spirou Technological Educational Institute of
Athens

lon Stamatelatos N.C.S.R. DEMOKRITOS, Athens

Efstathios Stiliaris University of Athens

CA\SENLIENEELCITES N.C.S.R. DEMOKRITOS, Athens

= TQ T T Tt T s ey ——mses s s s e

INAME | INSTITUTION DEPARTMENT FUNCTION

Faculty of Medicine & University Hospital of Iraklion

and Development

Faculty of Medicine

Faculty of Medicine

Institute of Nuclear Physics

Division of Licensing and Inspections

School of Applied Mathematical and Physical Sciences of
Testing & Materials

Department of Medical Instruments Technology

Faculty of Medicine
School of Electrical and Computer Engineering

Institute of Radioisotopes & Radio -diagnostic Products
Department of Environmental Radioactivity
Department of Physics

Department of Physics

Faculty of Medicine

Faculty of Medicine & University Hospital of
Alexandroupolis

Department of Medical Instruments Technology

Institute of Nuclear Technology-
Radiation Protection

Faculty of Physics & Inst. of Acceler. systems and
applications
Institute of Radioisotopes & Radio -diagnostic Products

Medical Physics Lab & Department of Education, Research

Associate professor, Chairman, Project coordinator
of the MEDRAPET Project

Associate professor, Head of Department

Professor, Chairman of Dept. of Medical Physics
Lecturer

Head of TANDEM Accelerator Laboratory

Head of Division

Associate professor, Head of Laboratory

Assistant professor, Head of Medical Instruments
Laboratory

Professor, Chairman of Dept. of Medical Physics
Professor, Head of Biomedical Simulations and
Imaging (BIOSIM) Laboratory

Senior Physicist, Director of Institute

Nuclear physicist, Head of Department

Professor at the Faculty of Pure and Applied
Sciences

Professor at the Faculty of Pure and Applied
Sciences

Assistant Professor, Chairman of Dept. of Medical
Physics

Associate professor, Head of Laboratory of Medical
Physics

Research Associate

Research director and Deputy Head at the Research
Reactor Laboratory

Assistant Professor

Senior Radiopharmacist
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Extra slides



The elementary particles today:

3 x6 =18 quarks
+ 6 leptons
= 24 fermions (constituents of matter)
+ 24 antiparticles
48 elementary particles

consistent with point-like dimensions within the
resolving power of present instrumentation
(~ 10 cm)

12 force carriers (y, W*, Z, 8 gluons)

+ the Higgs spin 0 particle (DISCOVERED (?)- responsible for generating the masses
of all particles



