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Previous strategy Scenarios
EUROPEAN PARTICLE PHYSICS STRATEGY 2013

HTTPS.//CDS.CERN.CH/RECORD/ 1567258/FILES/ESC-E-1 06.PDF

NARROW FIELD

1) EUROPE’S TOP PRIORITY SHOULD BE THE EXPLOITATION OF THE FULL POTENTIAL OF THE
[LHC, INCLUDING THE HIGH LUMINOSITY UPGRADE OF THE MACHINE AND DETECTORS WITH
A VIEW TO COLLECTING TEN TIMES MORE DATA THAN IN THE INITIAL DESIGN, BY AROUND
2030.

2) CERN SHOULD UNDERTAKE DESIGN STUDIES FOR ACCELERATOR PROJECTS IN A GLOBAL
CONTEXT, WITH EMPHASIS ON PROTON-PROTON AND ELECTRON-POSITRON HIGH-ENERGY
FRONTIER MACHINES.

3) EUROPE LOOKS FORWARD TO A [ILC] PROPOSAL FROM JAPAN TO DISCUSS A POSSIBLE
PARTICIPATION.

4) CERN SHOULD DEVELOP A NEUTRINO PROGRAMME TO PAVE THE WAY FOR A
SUBSTANTIAL EUROPEAN ROLE INFUTURE LONG-BASELINE EXPERIMENTS.

1JS, JAN 2020 B. GoLoB, ESPP 6/23
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: _ PREVIOUS STRATEGY
Acc.projects Other strategies

Previous strategy Scenarios
EUROPEAN PARTICLE PHYSICS STRATEGY 2013

HTTPS.//CDS.CERN.CH/RECORD/ 1567258 /FILES/ESC-E-1 06.PDF

DIVERSITY

A) EUROPE SHOULD SUPPORT A DIVERSE, VIBRANT THEORETICAL PHYSICS PROGRAMME,
RANGING FROM ABSTRACT TO APPLIED TOPICS, IN CLOSE COLLABORATION WITH
EXPERIMENTS AND EXTENDING TO NEIGHBORING FIELDS SUCH AS ASTROPARTICLE PHYSICS
AND COSMOLOGY.

B) EXPERIMENTS IN EUROPE WITH UNIQUE REACH SHOULD BE SUPPORTED, AS WELL AS
PARTICIPATION IN EXPERIMENTS IN OTHER REGIONS OF THE WORLD.

C) DETECTOR R&D PROGRAMMES SHOULD BE SUPPORTED STRONGLY AT CERN, NATIONAL
INSTITUTES, LABORATORIES AND UNIVERSITIES.

D) IN THE COMING YEARS, CERN SHOULD SEEK A CLOSER COLLABORATION WITH APPEC*
ON DETECTOR R&D WITH A VIEW TO MAINTAINING THE COMMUNITY’S CAPABILITY FOR

UNIQUE PROJECTS IN THIS FIELD.
*ASTROPARTICLE PHYSICS EUROPEAN CONSORTIUM

E) CERN SHOULD CONTINUE TO WORK WITH NUPECC** ON TOPICS OF MUTUAL INTEREST.
**NUCLEAR PHYSICS EUROPEAN COLLABORATION COMMITTEE

1JS, JAN 2020 B. GoLoB, ESPP 7/23



Previous strategy

EUROPEAN PARTICLE PHYSICS STRATEGY 2013 ACTIONS

1) HL-LHC:
APPROVED BY CERN COUNCIL; 2025-2038; 13 TEV, 3-4 AB'; ~ 103 MCHF (NEw NB;SN
IR-QUADS, 11T NB3;SN DIPOLES); DETECTOR UPGRADES

- ALICE — “A NEXT-GENERATION LHC HEAVY-ION EXPERIMENT”

- “EXPLORING THE ENERGY FRONTIER WITH DEEP INELASTIC SCATTERING AT THE
LHC” (.. LHEC AND PERLE; CDR)

2) ACCELERATOR PROJECT DESIGN STUDIES;
LATER

3) ILC:

“FOLLOWING THE OPINION OF THE SCIENCE COUNCIL OF JAPAN (SCJ), MEXT HAS NOT YET
REACHED A DECLARATION FOR HOSTING THE ILC IN JAPAN AT THE MOMENT.” (MARCH 2019)
M. YAMAUCHI @ ESG (CERN, DECEMBER 2019), PRIVATE COMM.:

MEXT, MEMBERS OF FEDERATION OF DIET MEMBERS FOR THE ILC — FEDERAL MINISTRY OF
EDUCATION AND RESEARCH (GERMANY), MINISTRY OF HIGHER EDUCATION, RESEARCH AND

INNOVATION (FRANCE) — ESTABLISH A DISCUSSION GROUP (DG)

DG —» DOE (US) » EXCHANGE OPINIONS AND CONDUCT COLLABORATIVE R&D
INTERNATIONAL COST-SHARING
CIVIL ENGINEERING AND LAND ACQUISITION ARE RESPONSIBILITY OF THE HOST STATE.
ACCELERATOR COMPONENTS SHOULD BE PROVIDED BY ALL THE MEMBER STATES AS IN-KIND CONT.
THE OPERATIONAL COST SHOULD BE SHARED AMONG THE MEMBER STATES.

MEXT — LCB MEETING FEB 2020 TO UPDATE ITS VIEW ON THE ILC AFTER THE SCJ MASTER PLAN HAS

BECOME AVAILABLE

1JS, JAN 2020
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_ | STRATEGY UPDATE
Acc.projects Other strategies

Previous strategy Scenarios
EUROPEAN PARTICLE PHYSICS STRATEGY 2013 ACTIONS

2) NEUTRINO PROGRAMME:

SINCE 2014 THE CERN NEUTRINO PLATFORM FOSTERS THE COLLABORATION OF
~90 EUROPEAN INSTITUTIONS IN DETECTOR R&D AND CONSTRUCTION.

E.G. DUNE@LBNF (US) AND ND280@T2K (JAPAN)

B) DIVERSITY:

EXPERIMENTS IN EUROPE WITH UNIQUE REACH SHOULD BE SUPPORTED, AS WELL AS
PARTICIPATION IN EXPERIMENTS IN OTHER REGIONS OF THE WORLD. EXAMPLES: QUARK
FLAVOUR PHYSICS, DIPOLE MOMENTS, CHARGED-LEPTON FLAVOUR VIOLATION, ETC.

LISTED BELOW FACILITIES/EXPERIMENTS IN EUROPE IN THE REALM OF PARTICLE PHYSICS
- BEAM DUMP FACILITY (SHIP, TAUFV)

-ESPS (LDMX)

-COMPASS/AMBER As QCD FACILITY, MUONE, KLEVER, NUSTORM,

MATHUSLA, FASER, CODEX-B, MILLIQAN, LHCSPIN, REDTOP, DIRAC, ...

- CPEDM@JULICH, ESSVSBE@ESS, PERLE@SACLAY, LFV@PSI, ...

SHOULD DIVERSITY BE EMPHASIZED AS ONE OF MAIN PRIORITIES IN THE UPDATE?

D) APPEC:
PRIVATE OBSERVATION: CERN DG SEEMS NOT TO BE VERY ENTHUSIASTIC

1JS, JAN 2020 B. GoLoB, ESPP 9/23
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. | ACCELERATOR / GENERAL
Acc.projects Other strategies

Previous strategy Scenarios
EUROPEAN PARTICLE PHYSICS STRATEGY 2013 ACTIONS
2) ACCELERATOR PROJECT DESIGN STUDIES:

L NATURAL WAY":
HIGH ENERGY (HADRONIC) MACHINE —
DISCOVERY (SPS; W, Z DISCOVERY)
PRECISION (ELECTRON) MACHINE —
PRECISION PROPERTY MEASUREMENTS (LEP; Z, W FACTORY)

LHC (h DISCOVERY) — ??? (h FACTORY)

MAJOR DIFFERENCE;:
@ END OF 20TH CENTURY WE HAD SM —
PARAM. TO BE MEASURED, NEW PHENOMENA (h) AT A< O(TEV)

@ START OF 21ST CENTURY
PARAM. OF SM (m,) SUCH THAT A < 10" GEV (m ; 10> GEV)

h NATURALNESS: &~ (my,/4Am,)?; Am,~ A ~ 101% GeV &~ 1034 (FINE TUNNING)

PN

MEAS. MASS QUANTUM CORR.

1JS, JAN 2020 B. GoLoB, ESPP 10/23
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. _ ACCELERATOR / ABBREV.
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Previous strategy Scenarios

DICTIONARY OF MAIN ACC. ABBREVIATIONS:

HL-LHC: HiGH LUMINOSITY LHC (CERN)
HE-LHC: HiIGH ENERGY LHC (CERN; LHC TUNNEL WITH HIGH FIELD MAGNETS)

FCC: FUTURE CIRCULAR COLLIDER (CERN; e'e* OPTION, -ee; pp OPTION, -hh; ep OPTION, -eh)
CEPC: CIRCULAR ELECTRON POSITRON COLLIDER (CHINA)

ILC: INTERNATIONAL LINEAR COLLIDER (JAPAN)
CLIC: COMPACT LINEAR COLLIDER (CERN)

LE-FCC: Low ENERGY FCC (CERN; FCC TUNNEL - T00 KM - WITH LHC-LIKE MAGNETS)
SPPC: SUPER PROTON PROTON COLLIDER (CHINA; POSSIBLE UPGRADE OF CEPC)

1JS, JAN 2020 B. GoLoB, ESPP 11/23



Possible scenarios of future colliders :
|

China

CERN

{

A

[ A

OR PRO D

Proton collider
Electron collider
Electron-Proton collider

ILC: 250 GeV
2 ab?

4 years 20km tunnel

1
I 31km tunnel

|
|
11 Km tunnel

—— CLIC: 380 GeV
1.5ab?

| I 29 km tunnel 50 km tunnel
! I
I I
! I
|

8years | 100km tunnel [E=SE R

8 years

2 years 1.7 B/:5 yea: ;Tscfllatz’:[eov: Fcc-eh: A= I ab-l
I R e ke II!-----ﬁ T O Y Y
2020 2030 ! 12040 ! 2050

W= Construction/Transformation: heights of box construction cost/year
Preparation

These are technical schedules
compiled by Ursula Bassler

1TeV
=4-5.4 ab!

40 km tunnel

CepC: 40/160/240 GeV
100km tunnel 16/2.6/5.6 abt

ASIAN OPTIONS EARLIEST (REAL?);
LINEAR EARLIER THAN CIRCULAR,;
ee EARLIER THAN pp;

FCC-hh AFTER FCC-ee ~DECADE
LATER THAN FCC-hh STANDALONE

FCC hh: 150 TeV =20-30 ab!

FCC hh: 100 TeV 20-30 ab*

EEEEEEEEE EEEEEENEE EEEEEEEEE EEDDEE
2070 2080 26/09/2019 2090
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Acc.projects

PRIVATE OBSERVATION:
%ESBELLEZ — 8-1035 Cm-z S-l
FAR FROM TRIVIAL (FOR e*e’)

ACCELERATOR PARAMETERS.:

Vs P [%] Npg  Lug/Det. Z  Time

[e/et] [10¥em™2s7"] | [ab™'] [years]

HL-LHC | pp 14TeV - 2 5 6.0 Pl ~rPrROVED
HE-LHC | pp 27TeV - 2 16 RO _©\WER VS THAN FCC-hh
FCC-hh pp 100 2 30 30.0 Al 16 T MAGNET TECHNOLOGY?

TeV -
M, 0/0 Z FACTORY
2My, 0/0 WW FACTORY
240 GeV 0/0 h FACTORY
2my,, 0/0 , : tt FACTORY
(ly SD before 2m;,,,, run)
ee  250GeV +80/£30 1.35/2.7 . h, WW FACTORY
350 GeV  £80/+30 1.6 : tt FACTORY
500 GeV  £80/£30 1.8/3.6
(1y SD after 250 GeV run)

~ FCC-ee, LOWER £, ..
NO tt

ee 380GeV  +80/0
1.5 TeV +80/0
3.0TeV +80/0

h, WW, tt FACTORY

(2y SDs between energy stages

LHeC ep 1.3TeV - 1 0.8

HE-LHeC | ep 1.8 TeV -
FCC-¢eh ep 3.5TeV -

PBF

1JS, JAN 2020



Physics

MAIN PRODUCTION MECHANISMS

r->I|LC, FCC-ee, CepC

HIGGS STRAHLUNG VECTOR BOSON FUSION

CLIC

€
3
5
‘v
o
1Y

~ TOTAL ©
ALL OPTIONS: 6 ~FEW 102 FB

0.01
0 500 1000 1500 2000 2500 3000

m,=125 GeV Js Gev)

B.LIET AL., ARXIV:1710.00184
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Physics

MAIN PRODUCTION MECHANISMS

FCC-hh, SppC

1<)
=
2
§
g
b

M, = 125 GeV
MSTW2008
~ TOTAL o
30 40 50 60 7080 107 c(Vs>30 TeV) ~ FEwW 102 PB

\'s [TeV]

PBF
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Physics

GENERAL PHYSICS OPTIONS FOR BSM PHYSICS:

DIRECT SEARCHES

HE-LHC: \s,,,, = 27 TEV

Fe(oR IR [eToR EToR NV M. <17 TeV; m; <10 TeV;m, <5-20TeV
SPPC (FROM CEPC). ~ FCC-hh

FCC-hh ~ 1.5xHE-LHC
LINEAR COLL: REACH ~ VS/2 FCC-hh ~ 1.2xLE-FCC
(ILC: Vs, = 1 TEV, CLIC:Vs,,,, =3 TEV) LINEAR NOT COMPETITIVE

Model JLdt[ab™) V5 (JeV] Mass limit (95% CL exclusion) Conditions

miSS)

m., = O(jets+ p;

39 §—q¥y 3.1 TeV mES)=0 ()
33. 3¢ 1.85TeV m(g) ~ mE1)+5 GeV ()

m; ~m_, +5GeV
4

33, =gt ] 6.2 TeV miE)=0 (")

3. 3—¢%1 | 3.7 TeV m(g) ~ m(T)+5 GeV ()

(monojets)

33, §—qki 7. 8.0 TeV m(E)=0 ()
3. §—qti 7. 4.1TeV m(g) ~ m{f1)+5 GeV (°)
P vl ~0.

49, §—qx1 10.0 TeV m(¥)=0

3%, §—gk? 42TeV m(g) ~ m(E)+10 GeV (")

2%, §—gF3 ; 1.45TeV m(E)=0
2%, 3¢ ; 1.1 TeV m() ~ m{E7)+50 GeV
10

I N D] R ECT S EAR | (*): extrapolated from Run 2, 36/fb studies Mass scale [TeV]

(**): monojet results not included

CLIC,,,, FCC-hh LE-FCC HE-LHC | HL-LHC

=
1JS, JAN 2020



Physics

BROAD PHYSICS OPTIONS FOR BSM PHYSICS:

INDIRECT SEARCHES
FOCUS ON h COUPLINGS
HL-LHC: CURRENT / EXPECTED

ATLAS -
—e— 36.1-79.8 fb~! | K = ().983

{ATLAS-CONFE-2019-005)

CMS

35.9fb"

(Eur. Phys. J. C 79 (2019) 421)

-—
+
HL-LHC I - L= 10.022

2x3000 fb~!
{arXiv: 1902.00134)

|kz| #E = 0.987

Ay HE = £0.017

Ax; 1L = +0.028

Ax: AL = £0.016

Axy = £0.044

Ak/y = +0.100

k-
__p
T ARy ML = £0.026
s
=
&=

HI _
BR,‘,“ I BRy"'"<0019

2

Higgs@FC WG

BR i ¥ R.,,,,” < 0.041 August 2019, Kappa3, |ky| < 1
un ¥

.

00 02 04 06 08 1.0 1.2 14 1.6 1.8

1JS, JAN 2020

PBF

EXPECTED /
Ys = 14 TeV, 3000 fb' per experiment

Total ATLAS and CMS

—_— Statist_ical HL-LHC Projection
—— EXperimental

— Theory Uncertainty [%)]
Tot Stat Exp Th
18 08 10 13
1.7 08 07 13
15 07 06 1.2

25 09 08 2.1

34 02 11 341

3.7 13 13 32

19 09 08 15

43 38 1.0 17

98 72 1.7 64

" 002 004 0068 008 01 012 0.14

Expected uncertainty




Physics

BROAD PHYSICS OPTIONS FOR BSM PHYSICS:
INDIRECT SEARCHES
FOCUS ON h COUPLINGS

EXAMPLE OF h - b COUPLING
EXPECTED RELATIVE PRCISION

FCC-ee/eh/hh - EXPECTED RELATIVE

PRECISION [%6]
FCC-ee(365, 240)
CepC
CLIC(3, 1.5, 0.38)
ILC(1, 0.5, 0.25)

LHeC
HE-LHC
HL-LHC

0.0 06 1.2

PBF

1JS, JAN 2020

FCC-ee ~ CepC ~ ILC
FCC-ee ~ 1/2 HL-LHC
FCC-hh ~ 1/2 FCC-ee

(SIMILAR FOR OTHER COUPLINGS)



Physics

DIRECT /" INDIRECT DETECTION

DIRECT

Fit (1903.11617):
i 1-c region
[(J2-c region

Projectiona:
= CLIC,,,,
@ HL-LHC, pp — UU*
««« HL-LHC, pp — t*t

— HE-LHC, pp — UU*

PBF

VECTOR SINGLET LQ U,

1JS, JAN 2020
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MAGNET TECHNOLOGY

14-16TR2528TEV@LHC, 90-100 TEV @ FCC):
NB3SN, 20-30 YEARS B.C. (BEFORE CONSTRUCTION)

12-14TE2I-25TEV@LHC, 7590 TEV @ FCC).
NB3SN, 15-20 YEARS B.C. (14 T DEMONSTRATED RECENTLY)

9-12T(16-21 TEV@ LHC, 55-75TEV @ FCC).
NB3;SN, 5-10 YEARS B.C. (NEEDED FOR HL-LHC)

6-8T3EB5-50TEV @ FCC):
NBTI (SIMILAR TO EXISTING MAGNETS @ [_HC)

1JS, JAN 2020 B. GoLoB, ESPP 20/23



Scenarios

SCENARIOS

ESG TO DISCUSS (AT LEAST) FOLLOWING SCENARIOS WITH FOCUS
ON 1ST GENERATION

SCENARIO 2040-2060 2060-2080

NAME 1st gen technology 2nd gen technology
cLic-al CLIC380-1500
CLIC-FCC CLIC380 (C-h/e/A (Adv HF magnets) / other tech

F
FCC-all HL-LHC FCC-ee (90-365) FCC-h/e/A (Adv HF magnets) / other tech
L F

LE-to-HE-FCC-h/e/A |HL-LHC E-FCC-h/e/A (low-field magnets)§ FCC-h/e/A (Adv HF magnets) / other tech
LHeC-FCC-h/e/A HL-LHC + LHeC JLHeC FCC-h/e/A (Adv HF magnets) / other tech

OPTIONS, IF TECHNOLOGY
AVAILABLE (PLASMA ACC.,
MUONS, HTS, ..);

DECISSION ABOUT AVAILABLE
TECHNOLOGIES

1JS, JAN 2020



Scenarios

APPROX. COSTS
(UNITS= CHF /EUR/USD: SHIP: 70 M; SUPER TAU CHARM FACT.:

415 M; EINSTEIN T PE: 1
TYPICAL ACCURACY ESTMATED TO +30%) 5 M EINSTEIN TELESCOPE: 1 G

CLIC(B80 GEV): 6 G, DETECT. 400 M

ILC:5G+ 10KFTE -700M (250 GEV), 8 G + 13.5KFTE -1 G (500 GEV), DETECT. 400M
FCC-ee (Z, WW, h): 10 G (INCL. CIVIL ENG. 5.5 G), 85 M / YEAR OPERATIONAL, +1 G (tt)
FCC-hh (AFTER FCC-ee): 17 G, 180 M / YEAR OPERATIONAL

FCC-hh (STANDALONE): 24 G, 180 M / YEAR OPERATIONAL

HE-LHC: 7 G, 55 M / YEAR OPERATIONAL

LE-FCC (8T, 40 TEV). 5 GCHF w/0O TUNNEL J. MNICH. ESG MEETING JUNE 2019

FCC-hh (after FCC-ee)

l

FCC-hh standalone
ILC ~ CLIC

FCC-ee ~ 2X ILC

FCC-ee (Z,W,H) FCC-hh ~
4"_ » Only large collider projects with cost
P — numbers given to ESU 2X FCC-ee

» Construction period only — shown is annual
construction budget (total budget / #years)
» Timing taken from U. Bassler

(I
(%
o
o

CLIC380

V]

ILC250

o

AEEEE EEEEEEEEE EEEEEEEEE EEEEEEEEE EEEEEEEEE
2020 2030 2040 2050 2060

—
s
n
c
@)
(@
(€
@
%2
| -
5
1000
H+
~~
o
)
(@)
©
>
®)
s
@)
']
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. . NON-ACCELERATOR
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Previous strategy Scenarios
OTHER ELEMENTS OF STRATEGY

PRIVATE OBSERVATION:
MOST IMPORTANT FOR CURRENT STRATEGY:. KEEP YOUNG POPLE IN THE FIELD

ON PAPER. HL-LHC END U FCC-ee START, REALITY?
NEED WORK ON DETECTOR DEVELOPMENT (UNTIL ~ 2045) W/ ONLY HL-LHC RUNNING
(UNLESS LINEAR OR CEPC?)

DIVERSITY
COLL. WITH APPEC?

WORKING GROUP ON PUBLIC ENGAGEMENT, EDUCATION AND COMMUNICATION
(CHAIR. S. DE JONG)

...FUNDING OF ALL SCIENCE RESEARCH ... ACCOMPANIED BY RESOURCES FOR PUBLIC
ENGAGEMENT ACTIVITIES.

...COOPERATION BETWEEN EPPCN AND THE COMMUNICATION ARM OF APPEC.
...EDUCATION RESEARCH HUB IS CREATED AT CERN.

...COMMUNITY MUST ENGAGE MORE .... WITH SCIENTISTS FROM OTHER DISCIPLINES IN ORDER TO
ENHANCE THE UNDERSTANDING .... OF PARTICLE PHYSICS.

BASIC KNOWLEDGE OF THE SM ... ADOPTED IN THE REGULAR SCHOOL CURRICULUM.

WIN 2019, BARI, JUNE 2019 B. GOLOB, FLAVOR PHYS. 23/23
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Previous strategy Scenarios

. . NON-ACCELERATOR
Acc.projects Other strategies

OTHER ELEMENTS OF STRATEGY

WORKING GROUP ON RELATION WITH OTHER GROUPS AND ORGANISATIONS &
CERN SUPPORT FOR NUCLEAR AND ASTROPARTICLE PHYSICS
(CHAIR: T. NAKADA)

... THE WORKING GROUP 3 RECOMMENDS THAT THE APPROVAL PROCESS FOR
OBTAINING TECHNICAL SUPPORT FROM CERN TO FOLLOW A SIMILAR TRANSPARENT
PROCESS AS FOR THE RECOGNISED EXPERIMENT.

PRIVATE OBSERVATION:
VERY SCARCE AT THE MOMENT...

WORKING GROUP FOR GOVERNANCE AND FUNDING AROUND CERN HOSTING A NEXT
GENERATION COLLIDER, AS A GLOBALLY FUNDED PROJECT,

GOVERNANCE AND FUNDING OF A EUROPEAN CONTRIBUTION TO A NEXT GENERATION
COLLIDER CONSTRUCTED OUTSIDE EUROPE;

GIVEN THE KNOWN PRESSURES ON THE CERN BUDGET AND THE AMBITIONS FOR
CERN TO RETAIN ITS LEAD OF THE ENERGY-FRONTIER, IT SEEMS LIKELY THAT A
EUROPEAN CONTRIBUTION TO A FUTURE COLLIDER OUTSIDE EUROPE WOULD NEED A
SIGNIFICANT COMPONENT OF DIRECT NATIONAL CONTRIBUTIONS

...IT ISHARD TO DECOUPLE GOVERNANCE OF THE NEXT COLLIDER FROM CERN

WIN 2019, BARI, JUNE 2019 B. GOLOB, FLAVOR PHYS. 24/23
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DIRECTIONS
(aAcc. TO H. ABRAMOWICZ, ESG MEETING DEC 2019)

SHOULD NOT COMMIT TO A DETAILED ROADMAP BEYOND 2060

NEXT FACILITY AFTER LHC SHOULD BE AN e*e- COLLIDER
(HIGGS FACTORY — PRECISION FRONTIER)

EUROPE SHOULD LEAD THE ENERGY FRONTIER (PRETTY MUCH UNANIMOUS)
STRONG SUPPORT FOR BROAD R&D IN ACCELERATOR TECHNOLOGIES

HIGH PRIORITY FOR “DIVERSITY” PROGRAMME WITH NO EXPLICIT RANKING

1JS, JAN 2020 B. GoLoB, ESPP 25/23



