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European Organization for
Nuclear Research

View of the LHC machine, cavity RF. Tunnel.
LHC Point 4.



European Organization for Nuclear Research (CERN)

Basic research in the field of experimental and theoretical
particle physics, finding out what the Universe is made of and
how it works.

CERN Missions
e Research: Seeking and finding answers to questions about

the Universe
e Technology: Advancing the frontiers of technology
e Education: Training the scientists and engineers of
tomorrow

SPS

e Collaborating: Bringing nations together through science
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CERN: Science for Peace

23 Member States

Austria — Belgium — Bulgaria — Czech Republic — Denmark — Finland — France — Germany
— Greece — Hungary — Israel — Italy — Netherlands — Norway — Poland — Portugal

— Romania — Serbia — Slovakia — Spain — Sweden — Switzerland — United Kingdom

3 Associate Member States in the pre-stage to Membership
Cyprus — Estonia — Slovenia

r > 7 Associate Member States
Croatia — India — Latvia — Lithuania — Pakistan — Turkey — Ukraine

6 Observers
. . CERN founded in 1954 with
Japan — Russia — USA — European Union —JINR — UNESCO 12 European Member States

|
|
|
|
|
|
|
I More than 50 Cooperation Agreements with non-Member States and Territories
|
|
|
|
|
|
|

Albania — Algeria — Argentina — Armenia — Australia — Azerbaijan — Bangladesh — Belarus — Bolivia — Bosnia and Herzegovina —
Brazil — Canada — Chile — Colombia — Costa Rica — Ecuador — Egypt — Georgia — Iceland Iran — Jordan — Kazakhstan — Lebanon —
Malta — Mexico — Mongolia — Montenegro — Morocco — Nepal — New Zealand — North Macedonia — Palestine — Paraguay —
People's Republic of China — Peru — Philippines — Qatar — Republic of Korea — Saudi Arabia — Sri Lanka — South Africa —

L - Thailand — Tunisia — United Arab Emirates — Vietnam
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CERN Annual Budget

Revised | Total [ Total
(in MCHF, 2021 prices, rounded off to 0.1 MCHF until 2026, 1 MCHF thereafter) 2021 2022 2023 2024 2025 2026 2021-2026 2027 2028 2029 2030 2031 |2021-2031
Budget |
EXPENSES 1349.2 1395.0 13476 13224 |1246.6 11853 [ 7846 1127 1102 1115 1103 1077 13371
Running of scientific programmes and support 1064.4 1054.0 (1017.6 |1004.2 974.0 975.4 6089 992 1035 1049 1037 1010 1212
Scientific programmes 508.0 486.7 | 4745 | 471.2 | 4922 | 48838 2921 478 515 514 515 536 | 5479
Accelerator programme 307.5 290.5 | 294.6 293.1 316.5 308.3 1810 291 311 311 312 333 | 3370
Experii ts and r h prog 200.5 196.1 | 180.0 178.1 175.7 180.5 1111 186 204 203 203 203 2110
Infrastructure and services 5564 | 567.3 543.0 533.0 | 481.8 486.6 3168 515 520 534 521 474 5733
General infrastructure and services (incl. admin, external relations, safety) 291.7 | 289.8 | 2530 236.3 | 2305 | 2347 1536 232 234 230 234 234 2699
Site facilities (incl. infrastructure consolidation, buildings and renovation) 67.9 71.7 | 86.8 99.2 95.8 81.7 503 95 91 106 97 91 | 984
Centralised expenses 196.8 205.9 | 203.3 197.5 155.5 170.2 1129 187 195 199 191 149 2050
Centralised personnel expenses 384 39.7 | 39.0 37.8 37.4 38.3 231 38 38 38 38 38 422
Internal taxation 34.7 344 | 337 33.3 332 33.3 203 33 33 33 33 33 370
Internal mobility, pers. paid special leave or paid from third-party accounts 17.7 13.8 | 104 9.2 7.4 6.3 65 6 6 6 6 6 | 94
Energy and water, insurance and postal charges, miscellaneous 97.4 110.0 | 112.8 110.6 71.6 87.2 590 106 113 118 111 69 1106
Interest, bank and financial expenses, in-kind ' 8.6 8.0 | 7.3 6.6 59 5.1 41 4 4 3 3 2 58
Scientific projects 2848 | 341.0 | 33041 318.2 2726 209.9 1757 135 67 67 67 67 2159
LHC upgrades 2121 2340 | 2287 2184 184.5 137.3 1215 63 2 2 2 2 1287
LHC injectors upgrade (LIU) 7.4 [ 7 7
HL-LHC upgrade 162.9 159.7 | 156.6 150.5 131.7 98.0 860 38 [ 897
LHC detectors upgrades (Phase I) and consolidation 7.9 3.8 | 2.0 2.0 1.0 22 19 2 2 2 2 2 30
LHC detectors upgrades (Phase Il) and R&D 339 70.5 70.1 65.8 51.8 37.1 329 23 352
Future colliders studies 18.6 27.5 | 330 31.3 229 19.8 153 20 20 20 20 20 252
Linear collider 54 5.1 | 4.7 4.2 4.1 23 [ 23
Future Circular Collider 11.7 20.2 | 26.3 25.1 16.8 100 100
Muon colliders 1.5 2.3 | 20 20 19 10 10
High-energy frontier 19.8 20 20 20 20 20 20 119
Accelerator technologies and R&D 26.8 355 | 315 28.6 31.3 28.2 182 27 26 25 25 25 31
R&D for future detectors 7.5 8.0 | 7.7 73 41 41 39 4 4 5 5 5 61 ?
Scientific diversity projects 19.7 361 | 293 326 29.9 20.5 168 20 15 15 15 15 247 CE RN S a nn u a I
Neutrino Platform 8.8 230 | 171 20.0 18.4 9.0 96 9 4 4 4 4 119 -
Physics Beyond Colliders 2.3 42 | 37 35 33 33 20 3 3 3 3 3| 36 b u d get IS
EU supported computing R&D, support to external facilities 8.7 8.9 | 8.5 9.1 8.2 8.2 51 8 8 8 8 8 | 91
BALANCE i i \ 1300 MCHF
Annual balance 50.3 -249 | -195 71 59.8 106.1 160 181 171 182 206 ‘ .
Capnta! relpay.ment dlgca'ed to the budget (FIPOI 1, 2 and 3, debt restructuring) 1.1 1.1 | -1.1 1.1 -11 -229 -45 -45 -45 -45 -1 (eq u |Va I ent to a
Recapitalisation Pension Fund -60.0 -60.0 | -60.0 -60.0 -80.0 -60.0 -60 -60 -60 -60 60 |
Annual balance allocated to budget deficit -10.8 -86.0 | -806 -54.0 -1.3 23.2 55 77 66 77 145 | . .
-Cumulative balance (at 31/12 of the year)-  -250.1 2609 | -346.8 | 4274 | -481.4 | -482.6 | -459.4 404 | 327 | 261 | 184 39 | medium-sized
' Including theoretical interest on the FIPOI loan (compensated by a corresponding heading in the revenues). . .
The cumulative balance of -250.1 MCHF is the accumulated budget deficit at 31/12/2020 as stated in the Financlal Statements for 2020 (CERN/FC/6494, page 17). E uro p ean univers Ity)
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CERN Annual Budget

Net National Income Exchange rates Net National Income 2021 2021 ’ -
at factor cost at factor cost I b d
Theoretical oue CERN'’s annual budget is
Contribution Contribution
inmilliens in national currency national currencies in Swiss francs in MCHF | 1300 M c H F
Awerage "
Country Currency 2016 2017 2018 2016 2017 2018 2016 t0 2018 in% in% . . .
Austria EUR 247 352 253 750 267 762 1.0902 11114 1.1547 285 957 2.20488% 220488% | (equlvalent tO a mEdlum-Slzed
Bolgium EUR 311731 324 200 330818 1.0902 11114 1.1547 360 718 2.77183% 2.77163%
Bulgaria BGN 68238 73648 79005 0.5574 0.5682 0.5904 42177 0.32408% 0.32408% B .
Czech Republic CX 2982 304 3194 061 3 437 920 0.0403 0.0422 0.0450 136 662 1.05006% 1.05006% E u ro pea n u n |Ve rs Ity)
Denmark DKK 1508 396 1653 169 1608 550 0.1464 0.1484 0.1519 234 037 1.79826% 1.79626%
Firdand EUR 149 690 155 543 162223 1.0902 11114 1.1547 174 460 1.34049% 1.34049%
France EUR 1560 923 1621177 1652 000 1.0902 11114 1.1547 1810 944 13.91465% 13.91465%
Gemany EUR 2346 118 2430 531 2503079 1.0002 11114 1.1547 2716 430 20.87209% 20.87209%
Greece EUR 118018 122 218 124797 1,0902 11114 1.1547 136 199 1.04850% 1.04650% 3 I I f
Hungary HUF 23223830 | 24693026 | 27078769 0.0035 0.0036 0.0036 89 400 0.68592% 0.68692% Use NNI to Calcu ate percentage o
Member States Israel LS 886 899 927 479 981 353 0.2566 02736 0.2717 249 200 1.91552% 1.91552%
Italy EUR 1186 507 1219942 1248 290 1.0802 11114 1.1547 1363 583 10.47729% 10.47729%
Netherlands EUR 506 217 545 645 573188 1.0902 11114 1.1547 606 720 4.66182% 4.65182% co ntrl butlon
Norway NOK 2350 279 2500 454 2700108 0.1173 0.1191 0.1202 299 428 2.30070% 2.30070%
Poland PLN 1328 80 1415265 1495180 0.2439 02611 0.2710 363 931 2.83474% 2.83474%
Portugal EUR 123 277 129 163 133 683 1.0902 11114 1.1547 144 103 1.10724% 1.10724%
Romanla RON 549 052 617 573 685939 0.2428 0.2433 0.2482 151 269 1.16230% 1.16230%
Serbia RSD 3244 456 3422528 3650517 0.0089 00092 0.0028 31908 0.24517% 0.24517%
Slowakia EUR 56 477 59 163 63 605 1.0902 1.1114 1.1547 66 919 0.51419% 0.51419%
Spain EUR 826 205 859 206 889 083 1.0902 11114 1.1547 961 185 7.38526% 7.38526%
Sweden SEK 2766 851 2 962 308 3 090 782 0.1152 0.1153 0.1126 337 053 2.56980% 2.58%80%
Switzeriand CHF 506 659 499 473 529 450 1.0000 1.0000 1.0000 511 8861 3.93206% 3.93206%
United Kingdom GBP 1420 345 1495 028 1539 642 1.3352 1.2683 1.3052 1934 428 14.86347% 14.85347%
Total Member States 13014 100.0000% ‘ 100.0000%
Adsocials Member Stales Cyprus EUR 13543 14 426 15224 1.0902 11114 1.1547 16 126 0.12320% 0.08487% |
in the pro-stage to Membership | .01 EUR 25 670 28 120 30 281 1.0902 11114 1.1547 31 401 0.24127% 0.12064%
Total Associate Member States 36529 2085
in the pre-stage to Membership M L L
Croatia HRK 251999 263 779 275821 0.1447 0.1489 0.1557 39 563 0.30399% 0.03040%
India INR 110240707 | 123061826 | 136915674 0.0148 0.0147 0.0144 1805 016 13.86911% 1.38691%
Associate Member States Lithussnia EUR 27919 30 588 33247 1.0802 14114 1.1547 34274 0.26335% 0.02634%
Pakistan PKR 20064717 | 22979911 | 24933113 0.0094 00085 00088 211335 1.62382% 0.16238%
Turkey TRY 1893 089 2262 940 2682302 0.3267 0.2700 0.2077 595 516 48T59TY% 0.45760%
Ukraina UAH 1711743 2 148 007 2564 426 0.0385 0.0370 0.0359 79178 0.60837% 0.06084%
Total Associate Member States 2764912 21.2448% ‘ 2.1245% ‘
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Thai-CERN program under
H.R.H. Princess Maha Chakri
Sirindhorn

-~

17 November 2015 - H.R.H. Princess Maha Chakri Sirindhorn visited CMS
Crystal factory at CERN.



First visit of H.R.H.

Natlonal e-Science infrastructure consortium
Summer student & teacher programs ¢

U: SLRI-CERN on Medical
High-School student program Mo on lviedica

Accelerator and Appllcatlons

D20or) 2002 Y2089 2004 . Y 2010) 2011 a0 019 2020) 2021

halland CERN
SLRI-ALICE International
Collaboration Agreement

Third visit of H.R.H.
EOI: SLRI-CMS
Thai-CERN Collaboration Program MoUs: CU-CMS, SUT-ALICE
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Paving the Way for Collaborations between Thai-CERN
T

oALICE eNational eScience eSummer high-school student
oCMS eSoftware engineering eSummer high-school teachers
eParticipations in other (small) eMicroelectronics eSummer students
experiments? eSensor and testing facility elocal schools in High Energy
Physics

2018: Thailand-CERN International
Collaboration Agreement
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ALICE: A Large lon Collider Experiment
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ALICE: A Large lon Collider Experiment

,{é\g}\ %TM EC '5 2 (21-024) ITS 3 (2027-2030)
o S i .

2
T sinelibadS”
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Cther

o R Motivation
. Carbon . -
— Tl e Get closer to the interaction
05 = Silurenn pOint )

—— mean = 0.35 %
0.4

¢ Reduce material, as Si makes N
only 1/7th of total material.
Irregularities due to support/ e
cooling
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ALICE: A Large lon Collider Experiment

THAI /I’\\
SYNCHROTRON . .

NATIONAL LAB ﬁ,z’u’?'““és'
eBeam-test is a part of the lifecycle of any detector we build.

eProvide electron test beam with energy between 40 MeV - 1.2 GeV

eBenefit to testing and calibration of high-energy instrumentations
and detector

-
-
electrons

Device Under Test (DUT) - final version of ALPIDE sensor Combination of pALPIDE | & II

Electron
test beam

World-wide professional beam test
facilities
eHadron: FNAL (US) and CERN (EU)

eElectron: SLAC (US), DESY (Germany)

ePhoton: ELPH (Japan)
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CMS: Compact Muon Solenoid

eFocus on computer engineering, increasing person-power.
o Ilmproving Data Quality Monitoring:
Handlmg more than 300,000 hlstograms every day

9 . 707 . 381'692'691 . Tue May 01'18, 02:09

60000 T T T T
i CMS Public PP -
w T P -
£ 50000 "0 imores ol
g{' — fund: 200PU ard 275Tbyr. 2.5 khz, na an-going i flinduded 2
O 40000 ;= fund: 200Py and S00td 1iyr, 10 kHz, no on-going R&encluded ‘/
o === 10 to 20% annual resource increass ,'
2} i
< 30000
= !
& 20000 K
5 M
Elnwo- VA=
oY m—e !
2020 2022 2024 2026 2028 2030

Year

AT W]

o Improving Software performance, focusing on LHC Run-4, Run-5
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CERN Future Project

The Future Circular Collider (FCC) is a proposed post-LHC particle
accelerator with an energy significantly above the LHC.



CERN Future Project

And what beyond?
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Engineering: Future Circular Collider - Global Opportunity

Geology
I Quatemary
B Wildflysch

Stage 1: FCC-ee (Z, W, H, tt)
Stage 2: FCC-hh (~100 TeV) with ion and eh options

Shafts: A, B,C, ...

B Molasse Subalpin B Prealps

Bl Molasse

Limestone

o
=] @ ~ ~ @ @ S
S o = o o o 5

=] =] =] =] =] (=] (=]
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0s
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00z
06z
0'0e
0se
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FCC Engagement Meetings

eFunding agencies
e(ov representations

oPhy_s,|C|sts & FUTURE
Engineers from ggeﬁtlg_ét\RR
University, Research
Institute September 2021

For Non Member State

= 14sep FCC Pakistan Engagement Meeting

Z o03sep FCC Republic of Korea Engagement Meeting
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Physics Cases
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Collider Designs

Experiments

R&D Programs

Cost Estimates
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Engineering: Future Circular Collider - Global Opportunity

7 FUTURE

IS Status of Global FCC Collaboration ;gglf‘fazs(‘)';i:ty study

increasing international ‘collaboration

as a prerequisite for success eFinancial feasibility
eTechnical and

administrative feasibility of
tunnel: no show-stopper
for 100 km tunnel

A e Technologies of machine

rael R e —— > %D and experiments: magnets;
srael contributes to the L (L efore joining as associate membersin . N .

Today as member states: Experiments: ATLAS (LHC), COMPASS (Fixed target), _m'”'m'zec' e”‘”ro”.”fe”ta'
ALPHA (Antimatter); Accelerator: kLHC & CLICE; Computing: Tier-2 impact; energy efficiency &

recovery

L P eGathering scientific,
93 member states - .
EC e e political, societal and other
ﬁZﬁO 21 non-member states with observer status suppo rt
17 other non-member states

Chances for Thai Physicists, Engineers, Geologists.
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Paving the Way for Collaborations between Thai-CERN

e ALICE

oCMS

eParticipations in other (small)
experiments?

Applications

eMedical

eAgriculture

eThai frontier researches
o Space
o Quantum

eNational eScience
eSoftware engineering
eMicroelectronics

eSensor and testing facility

oCERN Procurement
o Civil Engineering
o Electrical Engineering
o Mechanical Engineering
o Electronics & RF
o Information Technology
o .. etc

eSummer high-school student

eSummer high-school teachers

eSummer students

elocal schools in High Energy
Physics

o

7R
1

LL< ey

ow
mcC

STAINABLE ¢ o™,
VELOPMENT ?,.SALS
4 o

]

W
2

DECENT WORK AND
ECONOMIC GROWTH

o

17 Feneaons

&
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Business Opportunities
at CERN

In the search for a more reliable and economical solution,
CERN has procured a machine to manufacture surgical masks.



Annual Financial Contributions from Associate Members

“Associate Members pay an annual financial contribution of at least 10% of their “theoretical”
full Membership contribution, calculated based on economic performance indicators (Net
National Income - NNI). Thailand’s contribution as an Associate Member State would thus be at
the level of about 2.6 million Swiss Francs per year.
1 )
Estimated at 2019 (used 2015-2017 NNI at factor cost)
In 2021, estimation at 2.9 MCHF/year (~106 MTHB/year)

The combined direct return to the country in terms of supply and/or service contracts and
personnel recruitment cannot exceed the annual amount of the AMS contribution.”

CERN Procurement

) e Supply m)p Thailndustry mmp Indirect benefit
Membership ’ e Service to industry?
fee returns to

Thailand \ CERN Personnel

Procurement
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Associate Members: Comparisons

Country Population (2020) GDP (2020) in MUSD NNI at factor cost (Avg 2017-2019) in MCHF Contribution as AMS (MCHF)

Cyprus 1,207,359 23,804 17,225 [CERN] 1.02 @@
Estonia 1,326,535 31,030 20,114 [CERN] 1.30

Slovenia 2,078,938 52,880 34,174 [CERN] 1.48 EXA A PLE
Croatia 4,105,267 55,967 41,345 [CERN] 1.00

Latvia 1,886,198 33,505 No information. Latvia joins as AMS on Aug 2, 2021.

Lithuania | 2,722,289 55,887 37,479 [CERN] 1.00 @@
Turkey 84,339,067 720,101 570,959 [CERN] 4.94 @@
Ukraine 43,733,762 155,582 93,771 [CERN] 1.00

India 1,380,004,385 2,622,984 1,937,730 [CERN] 16.76

Pakistan 220,892,340 263,687 212,209 [CERN] 1.84 @@
Thailand 69,799,978 501,795 363,555 [NESDC, not at factor cost] 2.90 (Estimated by CERN)
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CERN Procurement and Chances for Thai Industries

Supplies (235MCHF spent in 2020 — CERN budget only)

Gases, chemicals, radiation and Particle and photon detectors,

_ Opticsand
Office supply, furniture, waste equipment, 3.2% photonics 0.3%
communication and training, Transport, handling and A
3.5% vehicles, 3.3%._

Civil engineering, building and
technical services, 26.9% >1 <0.4

Health, safety and
environment, 3.5%

Vacuum and low _
temperature, 5.6%

Mechanical
engineering
and raw
materials, 8.4%

Return coefficient = ratio between that

Member State's percentage share of the value

e OFf all Supply contracts and that Member
State's percentage contribution to the CERN

Electronics and radio
frequency, 9.3%

Electrical engineering and

magnets, 12.8% Budget over the same period
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CERN Procurement and Chances for Thai Industries

CERN buys everything that is needed to run the organization and its accelerators!
https://found-java-ext.cern.ch/java-ext/found/CFTSearch.do

, Whatdo we buy? e "S5 e Y/ e " What do we buy?

i + Information Technology = 4 - Civil engineering: - g Ny 3 = Electrical engineering and

magnets
« Computing ayatems — g + Construction 9

— ——— = H - - . + Transformers

. Spnaes 3 -~ # 9 : « Renovation of buildings

> . ¢ Swilchboards and
+ Software i A w3+ Molakc strucures - 1 svitehgears

9 \ {
* Network equipment > h + Earlhworks + Cables
L\« ! .

+ Personal computer equipment + Roads o A ' Automation

in % e - o and s-— b andd L + Power supplies
=4 ~.:—g:;"r"ﬁ'. S \,.' f o S &
. 1 4 A { . 'n
Civil Engineering _ s E\ecﬂica\ Engineering

nology

What do we buy?

> G St R ; N
+ Mechanical engineering 4 A o . e « Electronics and N = | ot + As well as;
and raw materials: ok Ay S0 o radiofrequency: 3 + Cryogenic and vacuum

v = 3 ! g £ 5 v : ;
. ; N ; ik A + Elactronic components 2
e ' L & " & ‘é 2 (actie, passive) v ) o
> w w + Shest matalwork and arc e 2 P\_ru_ 2 X0 €' . PCBs and assemaiad boorde = n 1L il Al Opsica gl prokace
/ & i ! o el 5%‘ DS :

M { welding 3 ol X . - LV'and KV powes supplios ‘ o o | + Pantida and pnoton detactars
~ a W A + Spacial fabricaticn techniques -ﬁ% e, . ; 34 « Radiofraquency plants > . 4 / g + Health and safety equipment
= S - . Fsv. materials, finshad ~~~ . g B ) « Amplifiers R~ 3 .25 v Transport and ke
. { 5= = t - G = y . '
| e . - = . Y, —

neering & RF

Mechanical ENg! Electronics

s
s Soand -
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CERN Procurement and Chances for Thai Industries: Examples
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CERN Procurement and Chances for Thai Industries: Examples
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CERN Procurement and Chances for Thai Industries

Empirical studies (by the analysis of financial data from 1995 to 2008 from 365 CERN suppliers for the
LHC) show that after working with CERN on high-tech contracts, CERN suppliers outperform their
peers by:

e Investing more in R&D and filing more patents

e Higher productivity, revenue and profitability

Doing business with CERN: the facts

supplier survey (669 suppliers in 33 countries, 2017):

Order/contract
received from
CERN

0
48% 42% : SS.A)
: . Hevelonen et improved technical knowledge
improved products and services eveloped new products in their field

Increase in R&D
Productivity :
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Most firms experienced

found or opened a new market to
address

used CERN as a marketing reference no financial loss




Examples: Lithuania (Personnel + Procurement)

Lithuania (Apr 2021, Industry; Procurement status) 1 MCHF/year (~0.08% of total CERN budget)

A : Mechanical & Materials
Lasers, optics, optomechanics : g
engineering

\J A
S2EKSPLA g < SARGASAS
& LIGHT by
: PRECIZIKA
@/ CONVERSION bt VA,IVOERA
wmEeksmA  Altechna T
/\
oPTICS - JPhoton
OPTOGAMA Theart of ROKVELAS
printing . KOoPA & Rox.
[kCHF] The art of
printing /KOPA
Year Personnel  Procurement Total Contribution  Remaining |
[Al [B] [c]=[A]+[Bl [D] [D]-[c] e Vacuum, Beam Inﬁ:e::z:m;mari(al Methods,
cAs Wakefield Acceleration
2018 171 61 232 1000 768 : .
2019 540 120 660 1000 340
2020 772 409 1181 1000 -181
2021* 997 64 1061 1000 -61
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https://indico.cern.ch/event/1028790/sessions/395034/attachments/2233137/3784381/LT-CERN-Committee-2021-EIM-LIC-Status-2021-04-27.pdf
https://indico.cern.ch/event/1028790/sessions/395039/attachments/2232741/3786107/2021-04-27-3rd-CERN-Lithuania%20Committee%20Meeting-Procurement-overview.pdf

Examples: Lithuania (Business Incubation Center)

z : LT BIC Startups 2020
Business Incubation Center

{ LITHUANIAN
Lithuanian BIC of CERN Technologies: QQQN [ I t %  INNOVATION
Second call, 2021 Ny CENTRE

Phase |, call for applications.
Pitch to Selection Committee, winners.

y:¥; Kaunas Science and

technology % Technology Park :
s LT BIC Startups 2020
* SUNRISE VALLEY
S

SCIENCE AND TECHNOLOGY PARK

OUTREACH: LT BIC webinar.

2021 April 22, with: W/
Giovanni Anelli, Head of CERN's Knowledge Transfer Group; Vi )
Ash Ravikumar, Business Development Officer at CERN's Knowledge mimistay or  http://www.cern.It/en/incubator
Transfer Group; AND INMOVATION
Laima Kauspadiene, Director of SSMTP;
Paulius Nezabitauskas, Director of KMTP;
Adomas Jelinskas, Project Coordinator at LT BIC.

The Business incubation center, Lithuanian BIC of CERN
Technologies, aims to assist start-ups, small and medium
enterprises (SMEs) to implement innovative technologies

and expertise developed at CERN into disruptive 5 g
products or services g . =
winnerof20208iCL 1
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https://www.cern.lt/en/announcing-the-2020-winners-of-lithuanian-bic-of-cern-technologies/
https://www.cern.lt/en/announcing-the-2020-winners-of-lithuanian-bic-of-cern-technologies/
https://www.cern.lt/en/announcing-the-2020-winners-of-lithuanian-bic-of-cern-technologies/
https://www.cern.lt/en/announcing-the-2020-winners-of-lithuanian-bic-of-cern-technologies/

Examples: Pakistan

Pakistan (May 2021, Industry; Procurement status) 1.9 MCHF/year (0.16% of total CERN budget)

PROCUREMENT STATUS (2015-2020) || ©cemesendsenits

* Normal Conducting Magnets Manufacturing

e Pakistan Industr}’/ R&D institutes low response for Market * Superconducting Magnet and Equipment Assembly.
surveys /tenders sent by CERN due to teChnOlOgical gaps. * Experienced !'Vlanpowcr in Different Areas of Normal and
Superconducting Magnets

e Services contracts not possible due to EU labor laws and local presence
of firms. Seem to focus on magnet technology

® Most of the Industrial Return are based on collaboration agreements
includes manpower and equipment.

SUGGESTIONS/PROBLEMS: Expenditures (Pakistan, kCHF)
® CERN may consider/ amend rules fOI' the ehglblhty Of firms fOI' Year Remaining Procurement** Personnel
participating in CERN services contracts for associate members. 2016 968 328 54
2017 746 278 454

® The price is high for the tenders due to import of special material/
components from International market and than again exporting to
CERN.

2020 412 214 1254
MR EEE R LISl \ill we expect the same situation of Thailand? 2021* 1212 79 608
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https://indico.cern.ch/event/1029596/contributions/4328280/attachments/2246723/3810497/13th_JCPC%20_ILO_Report.pdf
https://indico.cern.ch/event/1029596/contributions/4328280/attachments/2246723/3811439/CERN-PK%20WG%20May%202021.pdf

Examples: Pakistan

; N Normal Conducting Magnet Production
SUpp“eS to CERN Facilities Developed in Pakistan

PANISTAN FRST MAGAT TFST FACUITY 14 WY

* Tooling and Lamination Stacking

* Supply of 62 units (2 Pre-series & 60 series production) Support

* Lamination Curing

Plates for Energy upgrade of the PS Booster, from 1.4 GeV to 2.0 ¥ :‘1"‘“"“"“"4" , o P ki
* Magnet Assembly 7| e —— s s =
GeV, within the LIU project, LS2. * Coil Winding = ﬁ_, ‘ ‘;‘ i
* Vacuum Impregnation -, - '.."
* Semi-automated tester to test power supplies (TE-EPC) feeding * Magnet Testing

. . * Magnet Measurement
electronic equipment.

® 02 No. JTT Plug (11 tonn Each) for ATLAS Experiment
[ T ——

Beam Line Expertise Gained

* Experienced Manpower
® Fabrication of Beam line Equipment

® Small and Large Magnet Assembly

. - ¢ Cabling and electrical infrastructure installation
su p p | i es to CE R N ¢ Magnet Testing and Mcasurement
Infrastructure in Pakistan
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Examples: Pakistan

Technical Services at CERN

Pakistan Serving in Different Departments at CERN (2015-2020)
* No. of Addendums/agreements Signed:20

* Total Engineers and Technicians: 127

® 15 Engineers , 112 Technicians

Technology Department: SCD, MNC, LMF, CMI

* Engineering Department: CV, EL,BE, MME

® Experiments: ALICE, ATLAS, CMS

Diodes Insulation and Superconducting
Magnets Consolidation (DISMAC)

3 Engineers and 8 Technicians worked on consolidation of diodes of LHC Superconducting
magnets

Cutting and welding of interconnections (CWIC; for installation of insulating half maon
splices

Installation/ Consolidation of insulating hall moon splices.

Participation in the Quality assurance activities
01 Engineer Selected for Technical Auditor for the Project

Services to CERN CMS CE-H Hadronic Structure Design

* 01 Engineer Working for CMS CE-H Assembly Design
* Structure Weight: 500 tonn Approx,

Design Carried out by PAEC Expert (M, Zahir Shab) under supervision
of Steluno Moceia,

Consolidation of ALICE Cabling
Infrastructure

® Group of 1 Engincer and 4 Technicians
* Removal of old cables and detectors
¢ Installation of new copper and optical fiber cables

* Installation of new chilled water tubing
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Examples: Turkey

Turkish Atomic Energy Authority represents Turkey in CERN:
e Supreme Council for Science and Technology,
e Turkish Atomic Energy Authority,
e Scientific and Technological Research Council of Turkey,

e Turkish Academy of Sciences, SRR
e Universities, Goals \z NS E’
e Turkish President’s Office of Budget and Strategy &
Our mains goals related to Associate Membership of Turkey;
Industrial Return Rati
ok e ® to increase the number of qualified researchers working in the field of
Supplies Industrial Services high energy physics,
VIIE= (VI/IV) / 1l IX=(Vii/v) /1 = to have laboratories, equipment and facilities capable of contributing
. to research conducted in CERN,
VI = supplies by CHF CHF
Tu rkey m to increase the return rate of country contribution by providing
-22(0.9) 0(0.4) participation of Turkish industrialists to the CERN tenders,
= i .23 (0.9 0(0.4
IV = total SUppl I€S (05) (04) m toincrease the number of Turkish citizens employed at CERN.
.87 (1) 0(0.4)
lIl = contributions by
.04 A
Turkey ¥ e
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E les: Turk
xamples: Turkey C*

END CAPS FOR SPS COAX LINE COLD MASS SUPPORT PSB FINEMET

SPS COAX LINE MQXFB MAGNET: TOOLING FINEMET COOLING DISK PSB
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Examples: Slovenia

Slovenia (May 2021,Procurement status) 1.4 MCHF/year (0.12% of total CERN budget)
Pre-stage to Membership

Expenditures (Slovenia, kCHF)

Year Remaining Procurement**® Personnel

2017 438 10 52
2018 826 90 84
2019 753 122 125
2020 697 187 181
2021* 1179 96 135

*Provisional figure
**Including supplies, services, utilities and small orders

Zustel as a major

Speciaticed servicas supplier of Slovenia

Institut “Jozef Stefan”

INSTRUMENTATION

2
<

Milling Weiding Wire EDM

TECHNOLOGIES
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https://indico.cern.ch/event/1034985/contributions/4350418/attachments/2242917/3803256/IPT-Slovenia@CERN.pdf

Examples: Cyprus

Cyprus (June 2021, CERN Program; Procurement status) 1 MCHF/year (0.08% of total CERN budget)
Pre-stage to Membership

1 supplier in Cyprus in mechanical / electrical

engineerings and materials.
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https://indico.cern.ch/event/1040243/contributions/4369382/attachments/2257243/3830409/CY-CERN%20June%202021%20P.%20Razis.pdf
https://indico.cern.ch/event/1040243/contributions/4369384/attachments/2257159/3830249/Doing%20Business%20with%20CERN.pdf

Examples: Cyprus

Perspectives for the Future (2021-)

(1.) Upgrade of CMS for the HL-LHC phase

» High Granularity Calorimeter upgrade: PENDING
Develop stations for testing readout electronics & power supplies
Work on flexible electronics, integrated circuits, rad hard materials

Trigger upgrade:
Work on Level 1 trigger algorithms and simulation RUNNING
» Data testing:
Stations for remote monitoring of data quality UNDER DEVELOPMENT

(2.) LHC phenomenology and CMS Analysis
» Searches for Dark Matter and additional Higgs bosons
Expand on running experimental projects UNDER DEVELOPMENT
(3.) Education Program
» Virtual visits at CERN

Develop t of Dist Learning prog PENDING
» Host CERN Schools, Conferences and Workshops

Accel School, Analysis Workshop PENDING
» IPPOG (signature pending ~1000 euro/year)

Masterclass program for high-school students RUNNING

Perspectives for the Future (2021-

(4.) Medical Physics Collaboration with CERN
» HERMES Network (Greece, Cyprus, CERN):

Universities, medical centers, companies, fellowships DEVELOPED
» Develop t of better d S:

Crystals, SiPMs and detectors with better resolution NEW PHASE
» Cyclotron Center for radioph iticals & diagnosi:

Promotion of Business Plan, PET scanning DEVELOPED

Implementation of construction, funding PENDING

» Cyclotron Center for Proton Therapy
Hadron therapy, radiation oncology, FLASH therapy =~ UNDER DEVELOPMENT
Implementation of construction, funding PENDING

» KT Forum at CERN on Medical Applications RUNNING

» Collaboration with Bank of Cyprus Oncology Center RUNNING

(5.) Collaboration on Data Science

» Develop program on Al & Deep Learning: UNDER DEVELOPMENT
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CERN
Knowledge Transfer

/
/i

, CERN’s Timepix particle detectors, developed by the Medipix2 Collaboration,
help unravel the secret of a long-lost painting by the great Renaissance
master, Raphael



CERN Knowledge Transfer: Chances for Thai inventors & Tech Startup

Medical
& Biomedical
Technologies
5 Aerospace
» - <. T
The World Wide Web 1 3 ) Applications
born at CERN, later L (|
used by everyone... my \ [f:/ J
o S=f] Cultural
: Heritage
kY e
Cc Accelerators &
C Detectors ( N Better Planet
b N Computing . ad
Trackball with optical Lo mt 4 >
encoders, used later in the A~ ad
mouse ofa PC... = =

~ ' The first touchscreen to i
_exist was at CERN, later " £
used everywhere... b N ) &

@ Emerging
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CERN Knowledge Transfer: Chances for Thai inventors & Tech Startup

Examples of today team-up

ZENSEACT (Volvo Cars
4 Company) teams up with
CERN on fast machine

learning using FPGAs.

Bundesdruckerei (Berlin) works
with CERN on next generation
ideas for identity management

and cryptography and data handling

Next generation X ray
finally in color (MARS
Bio Imaging).

WUR to support national banks and T & 4 2
regulators to detect trading ‘ /& \

Exploring with QuTech (TNO and TU Delft)
how CERN knowhow can be used to help

: realize ambitions in quantum computing,
;E ;igr??:n::f; ?Ktéﬁ?l sensing and communication.
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CERN Knowledge Transfer: Matching with Thai (frontier) researches

CERN aerospace-related
competences & expertise
e Radiation monitoring and
dosimetry
e Radiation-hardened components
e Radiation-tolerant systems
e Superconducting and cryogenics
e Thermal management, advanced
materials and processes
e Big data handling and analysis
tools
e Irradiation and cryogenic testing
facilities

Medical & Biomedical

e Radiation and hadron therapy
e Radioisotopes

e Imaging

e Dosimetry

e Simulation and computing

 —— |

Quantum@CERN for Thai research
program
e quantum computing and
algorithms
e quantum theory and simulation
e quantum sensing, metrology and
materials
e quantum communication and
networks
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CERN Knowledge Transfer: BIC for SMEs

. Digital Sciences:
Data Intelligence

Colnec Health

Robotics , Fossil lon Technology - )
: Rhizom Digital Sciences:
g Ross Robotics Safetyn » Digital Lib 2
Industrial Controls. igital Libraries
TIND

Securaxis

. Digital Sciences:

" Simulation Software
FEAC Engineering

Radio Frequency Technology.

ADAM Innocryst
Neuschnee
High & Ultra-High Start-ups & SMEs . Sensors
Vacuum SyStemS Using CERN Advacam OY

2D Heat Technology Advacam SRO
Amsterdam Scientific Instruments

Quantum Detectors

Cooling & Ventilation MARS Bioimaging
Terabee
Oxford Nanosystems Y-Ray Iimaging Eiirope
X-Spectrum

* Power Electronics,

Artemis Analytical Optoelectronics

D-Beam Y
Manufacturing & Microelectronics
& Mechanical Processes A20 Innovation Solutions
Camstech

Croft Additive Manufacturing
ljspeert Innovative Technologies

Picotech
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12 years with Thai-CERN programs (22 years after the first visit of H.R.H.), Thai has a great chance to participate
in a global effort of scientific research and to increase our person-power in Science and Technology. It is a time to
look forward to the next step. In this talk, we focus on Thai industry and engineering.

Industrial Procurement
CERN assists Associate Member in organising industrial events in the AMS to raise awareness
of CERN within industry, and explore potential avenues of collaboration.

Knowledge and Technology Transfer
CERN endeavours to maximise this knowledge transfer to MS and AMS. Applications
relevant, for example, to the fields of medicine (accelerator-based cancer therapy,
imaging, etc.), information technology (data science, cloud computing, etc.), energy
and the environment are excellent candidates for the transfer of knowledge
and technology between CERN and an AMS. CERN also supports
entrepreneurship and start-up activities focused on CERN technologies

in the MS and AMS.
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Industrial Procurement
e If interest, organizing events between CERN and Thai industry
e Match Thai product catalog, and CERN shopping list
e Any supports from Thai-CERN program to industries?
e If we see potential, we need to discuss on how to move

Knowledge and Technology Transfer

e (Question to answer: Can CERN technology help us?
e Frontier: Space
e Frontier: Quantum
e Medical
e ... Startup or SMEs

e How to kick start?
e Workshop with CERN KTs and what CERN has in hand

OME ' ORK
— — DA T = - NS ,., AV
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References

1.Thailand-CERN-Associate Membership [Link]

2.Rights and benefits related to CERN associate membership general [Link]

3.Geographical Enlargement of CERN [Link]

4.CERN: Bridging the gap between science and business [Link]

5.Doing Business with CERN [Link]

6.Following the positive report of the CERN expert group, the CERN Council votes on the opening of accession negotiations with
Latvia [Link] .

7.5789UANNANININ2DY Associate members Tuduang o) (Wand ananunssy uSinmeanuna Tuladinlads: Taaniann
\5u) [Link]

8.Engagement to FCC [Link: Indico] [Link to slides: Link, Link, Link]

9.CERN Quantum Technology Initiative [Link: Web; Roadmap]
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https://www.dropbox.com/s/o3406btp9hh3q1i/Thailand-CERN-Associate%20Membership.pdf?dl=0
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Associate Member States (AMS); Rights, Benefits and Opportunities

1.Participation in CERN’s Experimental Particle Physics Programme /)

o CERN providing assistance to set up laboratory and workshop infrastructure in the AMS that could
subsequently provide a contribution to the LHC experiments through the design, R&D, construction and
testing of new particle detectors in the AMS for the LHC experiment upgrades. This model can also be
considered for any other aspect of CERN'’s particle physics programme of interest to the AMS.

1.Participation in CERN'’s Accelerator Projects@
o Contribution of an AMS to the high-luminosity upgrade of the LHC (HL-LHC), as well as to a future Higgs
factory and a 100 km energy-frontier Future Circular Collider (FCC).

@ 2 w1 leFunadsslamitiaguad

1.Attendance at the Council and its Committees @ nasylaanilminaglady
o Help to shape the international scientific agenda at the highest level. 151 1e5unalsyTaanidaguas
E ueitsaglanalselaminndy

1.Industrial Procurement@
o Usually, at an early stage of Associate Membership CERN proposes and assists in organising industrial
events in the AMS to raise awareness of CERN within industry, and explore potential avenues of
collaboration.
o For non-European industries, working with CERN can be a means of gaining a strong foothold in the
European marketplace — often through shared contracts.
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Associate Member States (AMS); Rights, Benefits and Opportunities

5.Knowledge and Technology Transferm

o CERN endeavours to maximise this knowledge transfer to MS and AMS. Applications relevant, for
example, to the fields of medicine (accelerator-based cancer therapy, imaging, etc.), information
technology (data science, cloud computing, etc.), energy and the environment are excellent
candidates for the transfer of knowledge and technology between CERN and an AMS. CERN also supports
entrepreneurship and start-up activities focused on CERN technologies in the MS and AMS.

5.Capacity-building through training and temporary employment@
o Staff positions (fixed term, usually five years)
o One- to three-year studentships
o Two- or three-years contracts for entry-level professionals
o Summer students Y

5.CERN Schools of Excellence ::I;_'

d

1 IsFunalsylamitdaciuan
nalssTamiluniiag ey

1 le3unalsy Taanifiaguay
weitsNAg laNaUse L auiunTu

o Advanced schools in high-energy physics, accelerator science and high-performance computing

5.High School Teacher Programmes 7,

Financial contribution of an AMS will return to the AMS in the form of direct benefits,
covering scientific, technical and administrative aspects.
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nsatananmaTuladanniadsu 7l Direct connection

with CERN activities

Cryogenics @ ; Medical &
N Biomedical
Technologies

Cooling @
& Ventilation ™\

High & Ultra @,
High Vacuums

Magnets .

Superconductivity @ MEDICAL
Metrology e-. o & BIOMEDICAL TECHNOLOGIES
Manufacturing AEROSPACE Aerospace
& Mechanical ARt
p?ici';'scei APPLICATIONS Applications

Particle Tracking @
& Radiation
Monitoring

ACCELERATORS
DETECTORS
COMPUTING

NARIT

Thai Space Consortium

Electronics @

Microelectronics
ICTe®

s - 2 (/ 04
Industrial Controls e [0 v s [ ictos 2 i
& Simulations »

Us:=tnaln.
["7) INDUSTRY 4.0 ) BC &.’l
>

L

it ;

f EMERGING ey R

Materials @~ £ TECHNOLOGIES

Beam Component e
& Systems

Radio Frequency e~ Boosting EEC industry
Technology

Radiation Protection @ ’//

And somethings fit
to Thai needs, e.g.

Testing Facilities @
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drasvnIsaanantnAaIuladannttdsuy

Paving ways for electron-based cancer
therapy; fruits from CLIC

e\ery high-energy electron beams to focus on
a small, dense spot [Link]
oFLASH therapy [Link] [Link]

m Sparking breakthroughs in radiation protection
for spacecraft, aviation and accelerators [Link]

eto carry out a thorough review and characterisation
of the particle beams used to qualify commercially
available electronic components,
eto develop guidelines for radiation testing and
verification of radiation-tolerant space equipment
and small satellites based on commercial electronics.
= a basis for a new European radiation testing

standard
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https://kt.cern/news/news/knowledge-sharing/sparking-breakthroughs-radiation-protection-spacecraft-aviation-and
https://kt.cern/news/news/knowledge-sharing/clear-study-paves-way-novel-electron-based-cancer-therapy-0
https://home.cern/news/news/knowledge-sharing/cern-and-lausanne-university-hospital-collaborate-pioneering-new-cancer
https://kt.cern/news/news/knowledge-sharing/future-innovative-flash-facility-based-cern-breakthrough-accelerator

aNunanaulun1saanan1IstadnaTuladaastdsuAusIuaIuaY 9

In 2020, the CERN Knowledge Transfer group
began exploring possible knowledge-transfer

opportunities with companies and institutes
within the European quantum community.
[Link]

To look for potential collaborative R&D projects to
develop new quantum solutions. m
CERN key competences:

eMeasurement & control of quantum-scale systems
ePicosecond Synchronisation

oFPGAs for quantum simulators

eDigital Low-Level Radio Frequency (LLRF) control How to use the detector technology for
systems secondary education [Link]

eCryogenic system design, measurement & control

eVacuum system design & control (HV, UHV, XHV)

eThin film coatings for high-performance
applications

elaser devices

The range of experiments can be done including

the analysis of background radiation, the identification
of specific particles, the study of cosmic rays or the
demonstration of the attenuation of particles passing
through different materials.
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https://kt.cern/news/news/knowledge-sharing/scaling-quantum-ambitions-cern
https://kt.cern/news/news/knowledge-sharing/timepix-based-detectors-bring-particle-physics-classroom

AavnuianisavtasunstinimaTuladiulaflsslaani

CERN launches Technology Impact Fund to
address global challenges [LINK, March 2021]

To bridge the gap between the technology developed for
research at CERN and its potential applications to address
societal challenges. The Fund was launched with support
from CERN’s Knowledge Transfer group and the CERN &
Society Foundation.

Financial support provided via the CERN Technology
Impact Fund will enable CERN technologies to be adapted
for use in wider society, with a particular focus on
potential contributions to the UN 17 SDGs.

First selected technology: Compact Precision Laser
Inclinometer used to to measure the ground movements
around CERN'’s ATLAS detector = lower-cost and more

precise alternative to existing earthquake detection
devices.
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https://kt.cern/news/news/knowledge-sharing/cern-launches-technology-impact-fund-address-global-challenges

a1n Thai-CERN ICA §9 AMS
International Cooperation Agreement (ICA) Associate Member States @

1.dnananilulille warnailsriamiiilsanalnaaziasuainnisaanaainusiusiassiine nadudsu
1.1auduns LT AN ARG AINSENTRFIS512LR7 ASUAUGANSLINNSAUSIA{ANY FLUUSUSIAANS
Liduanan1sAnENGa suA.272. LaraazdFuUaZIiafNaIsan
1.55unadvtanasusaavalnudulacnanisiznsiruiilu Associate member states 69 CERN Council
a.the status and organization of research and particle physics in the State concerned, including the current
level of expenditure in research; 4
b.the current level of expenditure in research and the anticipated impact of CERN Membership or
Associate Membership, as the case may be, on domestic particle physics \“earch;
c.a projection of the evolution of the economy & the research funding over a 5-year timescale;
d.official data on the State's economic situation and forecasts;
1.CERN Council usvév CERN Task Force iaiszisiuilseieine
a.whether Thailand has the political will and appropriate financial instruments to ensure meaningful
participation in CERN's scientific programs in the long term;
b.how strong the country is in the high-energy physics community, whether it is sufficiently funded to
participate fully in CERN science projects;
c.whether Thai industry has the sufficient capacity to successfully participate in CERN procurement
processes.
1.Task Force iintduananisdscdulszinealnaun CERN Council
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a.e.A2usudaTuadale = vunivaay Southeast Asia Tun1ssIUWNUIALILASU

Capacity Building through Advanced
techniques for experiments at the Frontier of

Particle Physics and Technology 30 mo My personal thOUghtS

Project Management
WP1

60 mo 60 mo 80 mo 230 mo 20 mo 60 mo

Novel field Developing Simulations for Novel Concept for A EDEtEC :‘STOJFO RES VLS Tomography Large systems
magnets/cryo Engineering Tools Complex Data i Construction FLUKAZ GEANT
for very Large Analytics and Repositories of - ibilif
New cannsy __Algorithm Dev | physics related Large Area Antimatter Feasibility Study - -
techniques for T digital objects, Detectors Pr I'Jevdopmg Materials
acceleration z o pubs and s/w or
l i for SERIOITK I"—yl AD/ w:za ?:Cv'gs Schools on
Feasibility WP2,4,57 - T Cloud Computing COMPASS FDLBU":':::‘EANT and
study of for analysis Readout & Trigger
tunable lon L] reconstruction Electronics NAG2/SHIP 2 Master theses Radiation Safety
s and simulation 10 Projects Training
2 Master theses > phos Software and 5 Deliverables/year
2 PhDs Firmware — = 5
2 Master theses Training schools (Engineering, Detectors,
3 - lop! g
2 Master theses 4-6 Projects 0 Developments 5 PhDs Software, Instrumentation, Hadron
14-6 Projects Astenthesss 5 Master theses therapy etc.)
4Projects 5 2 Projects 10 EnDs 8 Projects
5 Deliverables/ year | Oelverablesiyear |, o\ iocneqy || 7 Deliverables/year io Mast]e;' t:em nterdisciplinary
ﬁ pro 8 Deliverables/year Dulieact Events
e i Video Tutorials,
Media Events
5 Deliverables per year
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Participations in other (small) experiments: for the next 10 years

*LHC is the only machine to produce top, eUse infrastructures of big experiments
until the new FCC-hh comes (2050++, after FCC-ee) eStudy exotic signals with dedicated
eHigh-luminosity LHC may reveal unexpected results, trigger, reconstruction
lead to BSM eUncovered models to try

eNeed precision measurement to test SM predictions

Long-Live Particle searches

< Top / Flavour Physics with existing detectors > New

Physics

Precision
measurement

Higgs Dark matter, Exotic signals with

eTo answer if we have only a SM Higgs, SUSY at collider dedicated detector

or more
eBecome precision measurement

eCheap(er) than big experiments to

t be fully-
eCannot be fully participate

eNeed statistical tools, machine learning :iipsl,:i):;d by eParticipate in a full cycle of
techniques experiments at experiment: Detector construction -
eMove quick, need strong collaboration the LHC Commissioning - Experiment
e(Good for a small group with a Ph.D. or
Postdoc
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Quantum-HEP at CERN

14 OCTOBER, 2021 [Link]

CERN Quantum Technology Initiative
unveils its strategic roadmap shaping CERN'’s
role in the next quantum revolution. The
roadmap builds on high-quality research
projects already ongoing at CERN, with top-
level collaborations, to advance a vision and
concrete steps to explore the potential of
quantum information science and technologies
for high-energy physics.

4 main quantum research areas including:

e quantum computing and algorithms,

e quantum theory and simulation,

e quantum sensing, metrology and materials,
e quantum communication and networks

Benefits to Thai Quantum?
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https://quantum.cern/news/press-release/cern-quantum-technology-initiative-unveils-its-strategic-roadmap-shaping-cerns



