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Key open questions for particle physics?

Problems

* Dark Matter

* Baryogenesis

* Strong CP

* Fermion mass
spectrum & mixing

Plausible EFT
solutions exist

VS

Riccardo Rattazzi

Mys teries @ Granada

* Cosmological Constant

 EW hierarchy

* Black Hole information
paradox

* very Early Universe

Challenge or
outside
EFT paradigm




although there 1s no lack of novel
theoretical 1deas, there are no clear
indications where new physics 1s hiding



although there 1s no lack of novel
theoretical 1deas, there are no clear
indications where new physics 1s hiding

an argument for a strong and diverse,
yet coherent and concerted empirical
exploration
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Need to agree on a long-term
strategy for Particle Physics

European Strategy

Organization (2013 update):
http://europeanstrategygroup.web.cern.ch/europeanstrateqygroup/

UPDATE of the European
Particle Physics Strategy (2013)

—q TODAY

Higgs discovery (2012)

Start data taking at the LHC (2010)

European Particle Physics  Organization (2006):
Strategy (2006) http://council-strategygroup.web.cern.ch/council-strategygroup/



http://europeanstrategygroup.web.cern.ch/europeanstrategygroup/
http://council-strategygroup.web.cern.ch/council-strategygroup/

The European Particle Physics Strategy 2013

https.//cds.cern.ch/record/1567258/files/esc-e-106.pdf - with the highest priority

@ 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. This upgrade programme will also provide further
exciting opportunities for the study of flavour physics and the quark-gluon plasma.

CERN should undertake design studies for accelerator projects in a global context, with emphasis
on proton-proton and electron-positron high-energy frontier machines. These design studies
should be coupled to a vigorous accelerator R&D programme, including high-field magnets and
high-gradient accelerating structures, in collaboration with national institutes, laboratories and
universities worldwide.

Europe looks forward to a [ILC] proposal from Japan to discuss a possible participation.

CERN should develop a neutrino programme to pave the way for a substantial European role in
future long-baseline experiments. Europe should explore the possibility of major participation in
leading long-baseline neutrino projects in the US and Japan.
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The European Particle Physics Strategy 2013

Other scientific activities essential to the particle physics programme

Europe should support a diverse, vibrant theoretical physics programme, ranging from abstract to
applied topics, in close collaboration with experiments and extending to neighbouring fields such
as astroparticle physics and cosmology. Such support should extend also to high-performance
computing and software development.

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.

Detector R&D programmes should be supported strongly at CERN, national institutes, laboratories
and universities. Infrastructure and engineering capabilities for the R&D programme and
construction of large detectors, as well as infrastructures for data analysis, data preservation and
distributed data-intensive computing should be maintained and further developed.

@ 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.

The CERN Laboratory should maintain its capability to perform unique experiments. CERN should

continue to work with NUPECC on topics of mutual interest. .



Need to agree on a long-term
strategy for Particle Physics

European Strategy

Organization (2013 update):
http://europeanstrategygroup.web.cern.ch/europeanstrateqygroup/

Start data
UPDATE of the European taking HL-LHC
Particle Physics Strategy (2013) (2026)

TODAY

\

Higgs discovery (2012)

Start data taking at the LHC (2010)

European Particle Physics  Organization (2006):
. Strategy (2006) http://council-strategygroup.web.cern.ch/council-strategygroup/
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15t priority

LHC and HL-LHC



The (HL )LHC at the frontllne collldlng protons & ions




The impact of the LHC

connection

a MORE PRECISE and more
COMPLETE description

our initial
designs are
not accepted
by Nature

new physics

16



more data 1s needed
and due to our innovations in technology

more data 1s coming
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Potential HL-LHC performance in Higgs couplings
anno 2013 versus anno 2019

CMS Projection

T T I T T T T I T
Expected uncertainties on
Higgs boson couplings

T

T

T I T T T I T T
F— 3000fo"at {==14 TeV Scenario 1
—| 3000fb"'at {2 =14 TeV Scenario 2

pessimistic

optimistic

000
1307.7135

TR B TR
0.10 0.15
expected uncertainty

Taking into account innovative thoughts and
research experience, what was optimistic in
2013 seems realistic in 2019.

3000 b

ATLAS and CMS [l st + 0.

HL-LHC Projection + Theory
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1902.00134
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Expected relative uncertainty




2nd priority

Future colliders at CERN



Concrete collider options studied at CERN

CLIC (ee) , http://clic-study.web.cern.ch/

.~ Compact Linear Collider (CLIC)
{ 380 GeV - 11.4 km (CLIC380)
1.5 TeV - 29.0 km (CLIC1500)

3.0 TeV - 50.1 km (CLIC3000)

CLIC380

CLIC1500

~

JCLIC3000



http://clic-study.web.cern.ch/

Luminosity per facility

1000




Concrete collider options studied at CERN

FCC (ee ep, pp, pA AA eA) https://fcc-cdr.web.cern.ch/

« e*e collider (FCC-ee) @ 90-365 GeVv
as potential first step

« pp-collider (FCC-hh) @ 100 Tev
« p-e collider (FCC-he)
 HE-LHC with FCC-hh magnets
* uucolider (FCC-uu) option
 AA, Ap, Ae options



https://fcc-cdr.web.cern.ch/

SC Mag net R&D - T magnets would allow to reach much higher pp collision energies

T

(. I

FRESCA2 @ CERN C

Test new superconductive cables (Nb3Sn)

Dipole magnet
1.5 m long, 1 m diameter, 10 cm aperture

Nominal 13 T design, with an ultimate goal of 15 T,
and reached 14.6 T (April 2018), a record for a
magnet with a “free” aperture, and with only few
quenches

24



SC Mag net R&D — 61 magnets would allow to reach much higher pp collision energies

FRESCA2 @ CERN C

Training curve FRESCA2at 10A/s-a,band c
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Timelines

Akira Yamamoto
@ Granada

Personal View on Relative Timelines

Timeline | ~5| _ ~t0l _~15| -2 25 -3 _~35

Lepton Colliders

Proto/pre-

SRF-Lc/cc L.

Construction Operation

NRF—LcC Proto/pre-series Construction Operation

Hadron Collier (CC)

8~(11)T Proto/pre-
NbTi /(Nb3Sn) series

1531;1_ Short-model R&D Proto/Pre-series Construction Operation
3

Construction Operation

1;1]'612; Short-model R&D Prototype/Pre-series Construction
3




I Proton collider

I Electron collider

[] Electron-Proton collider
s Construction/Transformation

Preparation

Possible scenarios of future colliders

4 years ENCEEN |L.C: 250 GeV 500 GeV
S— 4 ab1

20km tunnel
unnel

Japan

Byears oo gelenil e SppC aim similar to FCC-hh

100km tunnel 16/2.6/5.6ab
11 years

China

FCC hh: 150 TeV =20-30 ab!

350-365 GeV
8 years FCC-ee: 1.7 abt
90/160/250 GeV
100km t | 150/10/5 ab-1 11 years
m nne FCC hh: 100 TeV 20-30 ab!

8 years 15 years
0 FCC hh: 100 TeV 20-30 ab-1
m tunne

8 years

HE-LHC: 27 TeV 10 ab!

HL-LHC: 13 TeV 3-4 ab-!

CERN

2years 6years |LHeC:1.2TeV
P |FcCeh:35Tev2abr |

5 years 7 years
—
11 km tunnel

: ) ) I )
. 29 50 I
2080 2090

2020 2030 2040 2050 2060 2070




I Proton collider

I Electron collider

[] Electron-Proton collider
s Construction/Transformation

Preparation

Possible scenarios of future colliders

4 years ENCEEN |L.C: 250 GeV 500 GeV
S— 4 ab1

20km tunnel
unnel

Japan

Byears oo gelenil e SppC aim similar to FCC-hh

100km tunnel 16/2.6/5.6ab
11 years

China

FCC hh: 150 TeV =20-30 ab!

350-365 GeV
8 years FCC-ee: 1.7 abt
90/160/250 GeV
150/10/5 ab-t 11 years
100km tunnel : FCC hh: 100 TeV 20-30 ab-!
r 30 ab: 16T - 14T magnets ?

8 years

HL-LHC: 13 TeV 3-4 ab-! HE-LHC: 27 TeV 10 ab!

CERN

2years 6years |LHeC:1.2TeV
P |FcCeh:35Tev2abr |

5 years 7 years
—
11 km tunnel

2020 2030 2040 2050 2060 2070 2080 2090




If non-collider experiments would provide hints where to
look for new physics, it would be interesting if we can
address these with current and future colliders

S O

In general: explore the synergies of the physics potential of

non-collider and collider experiments

29



Need to agree on a long-term
strategy for Particle Physics

European Strategy

| Future

Organization (2013 update):
http://europeanstrategygroup.web.cern.ch/europeanstrateqygroup/

Start data
UPDATE of the European taking HL-LHC
Particle Physics Strategy (2013) (2026)
—q Tooay [
Higgs discovery (2012) UPDATE of the European
Particle Physics Strategy

Start data taking at the LHC (2010)
(2020)

https://europeanstrateqy.cern

European Particle Physics  Organization (2006):
. Strategy (2006) http://council-strategygroup.web.cern.ch/council-strategygroup/



http://europeanstrategygroup.web.cern.ch/europeanstrategygroup/
http://council-strategygroup.web.cern.ch/council-strategygroup/
https://europeanstrategy.cern

Open Symposium
Towards updating the European Strategy for Particle Physics

May 13-16, 2019, Granada, Spain
https://cafpe.ugr.es/eppsu2019/
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> e Y ww 5w D)

Jan.2018

Call for proposals
for venues for Open
Symposium and
Strategy Drafting
Session

Febr.2018
Call for scientific input

| |
v/ March.2018
Call for nominations of

PPG & ESG members

June 14,2018
Council decision on
venues and dates

| |
v

organisation &

v

Sept 27,2018
Council launches the

Strategy Update process &
establish the PPG and ESG

input preparation
by community

Dec 18.2018
Closing submission
community input

May 13-16.2019
Open Symposium
Granada, ES

Jan 20-24,2020
Strategy Update
Drafting Session
Bad Honnef, DE

Sept.2019
Physics Briefing
Book available

March.2020
Strategy Update
submitted to Council

consultation &
consensus building

................ 2
Physics results appearing 1
after May 2019 will be taken
into account in the process :

May.2020
Council to approve

Strategy Update




Electroweak & Higgs

Strong Interactions

33



Electroweak & Higgs

Strong Interactions

EZ



Potential to measure Higgs couplings improvements wrt HL-LHC

EFT-framework

[l HL-LHC B HLsLHeC  [l] HL+HELHC HL+ILC g HL+CLIC35 [l HL

Ed H HL+lLCap HL+CLIC e : C,
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arXiv:1905.03764



# of “largely” improved H couplings (EFT)

Factor 22 Factor 25 Factor 210 Years from T,
CLIC380 9 6 4 7
Initial FCC-ee240 10 8 3 9
run CEPC 10 8 3 10
ILC250 10 7 3 11
FCC-ee365 10 8 6 15
2nd/3rd || cLIC1500 10 7 7 17
Run ee ||HE-LHC 1 0 0 20
ILC500 10 8 6 22
hh CLIC3000 11 7 7 28
ee,eh & hh || FCC-ee/eh/hh 12 11 10 >50

13 guantities in total NB: number of seconds/year differs: ILC 1.6x107, FCC-ee & CLIC: 1.2x107, CEPC: 1.3x107




Measuring Higgs couplings is perceived as one of
the prime avenues in our search for new physics

With the HL-LHC one can probe many Higgs
couplings to the few percent level

Additional to the HL-LHC sensitivity, all

proposed first generation e*e  colliders can
achieve major and comparable improvements

In a second stage, a higher energy e*e- collider or
hadron collider are important to reach the
ultimate sensitivity
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There is new physics out there!
and it should be our main objective to discover it

. —T“ Fﬁv o

+ tfby +he

Tk Yeg ¥y P the
~ +Ref-vE)

The exploration of the scalar sector
is only one avenue to search for it

38



some personal thoughts



Open for discussion, but on the collider front we might identify three eras

o the immediate future (2020-2040), e.g. the HL-LHC era
o the mid-term future (2040-2060), e.g. the Z/W/H/top-factory era
o the long-term future (2060-2080), e.g. the energy frontier era

Several avenues towards the discovery of new physics
indirect exploration at the precision frontier

o
o breaking the Standard Model

o direct searches of hidden & visible sectors
o



breaking precision

direct
searches

frontier

the SM

2020-2040
HL-LHC era

2040-2060

Z/W/H/top-factory era

2060-2080
energy frontier era

H couplings to few %

v mass/mixing/nature

QGP phase-transition
b/c-physics

H couplings to %
EW & QCD & top
QGP vs Lattice QCD

b/c/t-physics

H couplings to %o
H self-coupling to %
proton structure
di-boson processes

next-gen K-beams
proton precision

e & n EDM
lepton flavor (u—>e)

p EDM storage rings

rare top decays
small-x physics

SHiP / beam dump
Long-Lived Signals
DM vs neutrino floor

axions/ALPs

eSPS for Light DM
heavy neutral lepton

new high-mass part.
next-gen hidden exp.
low-mass DM




but there is no guaranteed discovery path



There is new physics to be discovered, but no guaranteed discovery path

CITRADELIC’'S UNIQUE FLAVOR PROFILE

FLAVOR ATTRIBUTE WHEEL: NEW BELGIUM IPAs
~—@— CITRADELIC Fruity IPA =—@=—RANGER American IPA - CITRADELIC
FLAVOR EVALUATION

=@ SLOW RIDE session IPA =@ RAMPANT Imperial IPA
| VISUAL

Golden orange,
light sheen

ALCOHOL

some tropical

 TASTE
Light sweetness,

BITTER moderate bitterness

Juicy,
finishes dry

'BODY
Medium

If you want to discover a great taste, you will have to sample several
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Dark Sector Higgs performance Of the
HL-LHC
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HL-LHC

Dark Sector
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today’s knowledge and
including the expected
Higgs performance of the
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HL-LHC

Dark Sector

N\

Hidden ‘\

Neutrino

Flavor Heavy lon

Progress relative to
today’s knowledge and
including the expected

performance of the
HL-LHC

The Higgs-direction
was explicitly
quantified by the

H@FC working group
(arXiv:1905.03764)



One can debate, but with a granularity of 20 years and in the absence of clear
indications for new physics, the following general principle is probably wise:

o in each era you would want to take important steps forward for the
largest variety of directions where new physics can be found



One can debate, but with a granularity of 20 years and in the absence of clear
indications for new physics, the following general principle is probably wise:

o in each era you would want to take important steps forward for the
largest variety of directions where new physics can be found

“Don’t leave flavor physics to only flavor physicists”

Riccardo Rattazzi
Kandersteg, July 2, 2019



2020-2040 2040-2060 2060-2080
HL-LHC era Z/W/H/top-factory era  energy frontier era
anno 2040 anno 2060 anno 2080

/

HL-LHC era

1st generation: at least

include an exploration of

the Higgs sector

(very few major colliders)

2nd generation: the options
might depend on choices
made for the 1st generation
(one major global collider)



Choices for 15t gen collider(s) beyond the HL-LHC have to be made without knowing the HL-
LHC results & choices for the 2" gen without knowing the results of the 1%' gen experiments

choice for 1st

choice for 24 gen

2020-2040
HL-LHC era

2040-2060
W/ H/top-factory era

2060-2080
nergy frontier era

Hidden

anno 2040

Dark Sector Higgs

EW

Flavor Heavy lon

anno 2060

Dark Sector Higgs

anno 2080

Dark Sector,

Hidden

HL-LHC era

1st generation: at least
include an exploration of
the Higgs sector

(very few major colliders)

2nd generation: the options
might depend on choices
made for the 1st generation
(one major global collider)



Next steps 1n the process

define and investigate concrete scenarios taking into account all aspects,
e.g. scientific, technological, global, financial, societal, ...

The ESG (European Strategy Group) created working groups to reflect on the
following topics:

» social and career aspects for the next generation,

= organizational structure for European participation in global projects,

= relations with external bodies and fields of physics,

= knowledge and technology transfer,

= outreach, education and communication,

= gsustainability and environmental impact
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The light sector (u,d,s + e,n)

Three “clear” cases calling for diversity in the A > 10° TeV for O(1) couplings

short/mid-term: Storage ring JEDI/CPEDM start

1. EDMs [d,, d., dy,.] ' 4

construction in 2027

Intense
u beams

2. |[l—€ processes

3. Rare K decays Intense
K beams




The light sector (u,d,s + e,n)

Three “clear”’ cases calling for diversity in the

short/mid-term:

1. EDMs|[d,, d., dy, ]

2. |[l—€ processes

3. Rare K decays

Intense
K beams

A > 102 TeV for O(1) couplings
Storage ring JEDI/CPEDM start
construction in 2027

A > 10% TeV for O(1) couplings
Mu2e@FNAL, MEG@PSI,
COMET@J-PARC, ...
Sensitivity improvement x10000




The light sector (u,d,s + e,n)

Three “clear” cases calling for diversity in the A > 10° TeV for O(1) couplings
short/mid-term: Storage ring JEDI/CPEDM start

construction in 2027

1. EDMs|[d,, d., dy, ]

A > 10% TeV for O(1) couplings
Mu2e@FNAL, MEG@PSI,
COMET@J-PARC, ...
Sensitivity improvement x10000

e decays ntense Great potential
K beams Difficult experiments

2. |[l—€ processes




The light sector (u,d,s + e,u): rare K decay evolution

NA62@SPS & KOTO@J-PARC
K= vy KOTO-Step2 & KLEVER@CERN

K — TV I{ > TTVV next (2():))\)
K IIOVV KOTO V 11OW
L

SM BR = (3.74 + 0.72) x 10711
[Exp BR < 3.0 x 10~°|
MAYBE ?

Bound: BR < 1.45 x 10°
World sample: 0 events (0.42 bkg)

K*—mofvv
SM BR = (9.31 £ 0.76) x 10711
|Exp BR =17.3"11>_ - x 10’“]

World sample: 8 events (2.26 bkg) < : KOTO S > <
& L & tep &
KLEVER




The heavy sector (b,c,t + t+ h)

Belle I1+1= Belle -
o 'Belle ll+1= Belle I\ 0 '
Eerrm /9 factories

Summer 18

Just started within Belle II

Goal: 1011 = 1012 20 (CEPC)
Goal: x5 increase in peak 5. 101270 (FCCee)

luminosity BR(Z° — bb) = 15%

sol\w/\cos 26 < 0
(exd, at CL>0.95)

excluded area has CL > 0.95

U Doable from a machine ILD-like detector + charged

perspective ? hadron PID. /
U Detectors issues running at

g ﬁ;y?zggz :’1 ( FCC-pp a dedicated

5 ' - experiment (a la LHCb)
Under study, more before | :

End of HL-LHC: Belle Il + LHCb Upgrade I \_the end of 2019 J
v LI ! T IT 'An‘]détzrns‘ T ‘EI N I;'e‘r' 7 2

A my K Phase it

- IHIl\IHlHIIIIIIIlIII\lI\II'IIII

IS IIIIIIIII|IIIIIIIII|III\|IIII|IIII

FQ

)
|
I
h

e*e” Super Charm-Tau Factories:

SCT (BINP, Novosibirsk) and STCF/HIEPA (China)
E:2106 GeV

Peak Luminosity (>4 GeV) 10% cm?2s'

0.6

05

sol. wicos 28 <0
(excl. at CL > 0.05)
04

excluded area has CL > 0.95

03

“Flavor is the usual graveyard for BSM
electroweak theories”

0.2

01

Antonio Zoccoli

0.0

- l[II[IHI‘ 11 |I \I‘\I\Illlll'\ll\

> III\\IHI‘IIMII \I‘\I\Illl!l|\ll\

'
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Challenging experiments, but a must-have in our
experimental portfolio

Outstanding BSM scale reach: A > 102-105 TeV

Particle-ID detectors should be part of any future
collider program at high energies

Different environments (ee and pp) are
complementary

A 7Z0-factory 1s a fantastic tool for flavor physics
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Are there new 1nteractions or new particles around or above
the electroweak scale?

Z ssM discovery reach  Soquential Standard Model o In general, if the couplings become
(couplings to fermions equal for Z’ and Z) large the SQHSIthlty at lepton COlllderS
ILC (500) ,

(ndeect g 1s enhanced

HL-LHC

(iech J ) o For weak couplings the direct search
e PR T at hadron colliders dominates the

(direct)

CLIC (3 TeV) ) picture

(indirect)

Y-Universal Z, 20

FCC-hh
(direct)

0.00 10.00 20.00 30.00

Paris Sphicas @ Granada Mass [TeV]

HL-LHC
Many more models are compared...




Dark Matter: Where to start looking? Very little clue on mass scale...

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PevV 30M
Too small mass ] 1 | P f 1 u, I T © From MACHOs
= won’t “fit” S ! I I I I 1 LI I l I searches
. < > —_—
na galaxy! QCD Axion WIMPs
<€ . > € . > -
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
— <€ >
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
> < >
Post-Inflationary Axion Asymmetric DM

A

4

Freeze-In DM

S
Marcela Carena @ Granada SIMPs / ELDERS

. ™MpmM
The assumption of Thermal nonthermal

.y . . 1020 eV
Equilibrium in the early )
Universe narrows the viable
mass range.

nonthermal

~ 100Mg
mp; ~ 1019 GeV

< MeV > 100 TeV
Neff / BBN too much

Interesting phenomena like
long-lived particles and Light DM “WIMPs"

feebly interacting particles.

M Standard Model



What cases of thermal relic WIMPs are still unprobed and
can be fully covered by future collider searches?

A collider discovery will need
confirmation from DD/ID for
cosmological origin

0, (x-nucleon) [cnT]

oenmam A DD/ID discovery will need
= HL-LHC: BR<1.9%
B LLHOAME AN B 5% confirmation from colliders to
et understand the nature of the
iy interaction
e A future collider program that
= ILC o BRL0.25% optimizes sensitivity to invisible
Higge Porisl masi N SIC,,; BR0.22% particles coherently with DD/ID
Fits, Scalar DM . Hggs PPG. wite 196 84768
Collider limits at 95% CL, drect detection Inmtsawo"ﬂ.u‘ FCC..;mBR‘-O 22% Serves us Wel]_. Need maximum
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o, (x-nucleon) [cnv]

What cases of thermal relic WIMPs are still unprobed and

can be fully covered by future collider searches?

BSM mediator

== CRESST Il
arhie 1904 D450
XENON1T
—Par\ddx
—DarkS:de 50
LUX
—Argo 3000 pro; )
DAHWIN ZC'O (proj :

_HL LHC 14TeV 3=m

-3

*HELHC 2 TeV 1.>aD'

HLHE

FLC nr ‘IOO Tev, 1ab

FCC nr 100 TeV, 30 ab

D-urk:‘ de-Argo(pro).)

Scalar model, Dirac DM
gnu =1, gsn_t =1

Collider limits at 95% CL, direct detection limits at 90% CL

A collider discovery will need
confirmation from DD/ID for
cosmological origin

A DD/ID discovery will need
confirmation from colliders to
understand the nature of the
interaction

A future collider program that
optimizes sensitivity to invisible
particles coherently with DD/ID
serves us well. Need maximum
overlap with DD/ID.



To what extent can current or future accelerators probe
feebly interacting sectors?

LHCb: D — D° e*e- Use four simplified
kg N i A— ”

models (“portals”) from

q Q “ _ which benchmarks are
| 1dentified to evaluate
- <\ experimental

1o+ [ 1= 11 sensitivity

_5 B E: PBC report, arXiv:1901.09966
10 Y Portal C ouphng

— e Dark Photon, A, —555—F,, B""
6 T costw - KV
107 & g "-: Dark Higgs, S (S + A 52 )HTH (Relaxion toy model, mixes \w Higgs)
10”7 L ‘.,r". Axion, a f“—uF“,,F““’. fiuG,;#,,C:"i”". %E’}‘“ﬁya‘d’
Sterile Neutrino, N ynyLHN

10°°
1072

Beam dump expts: very low -
couplings at very low masses ce—A'y—uruy Dark Photon case



In the absence of concrete guidance, the
parameter space for new physics 1s vast...

Exploring synergies and coordination with
adjacent fields is necessary, e.g. with the direct
and indirect dark matter detection communities
for common interpretation of results

Complementarity between lepton and hadron
colliders for dark matter searches provide the
best sensitivity for the benchmarks

Complementarity between beam dump and
collider experiments for feebly interacting
particles
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SC Magnet R&D - alternative materials for high-J, at high magnetic field
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Nb-Ti 4.2 K LHC insertion Maximal J, at 1.9 K for entire LHC NbTi

quadrupole strand \ strand production (CERN-T. Boutboul '07).
/ (Boutboul et al. 2006) ) Reducing the temperature from 4.2 K
=7

produces a ~3 T shift in J, for Nb-Ti
——— HTS-Insert ./

35T

} 55x18 filament B-OST strand with NHMFL
50 bar Over-Pressure HT. J. Jiang et al.

2223: B || Tape Plane
/ Sumitomo Electric (NHMFL)

-
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X

2223 "Carrier ¥ o e e ——
. Controlled" i ;
%| TapePlane MEM_E 2223: Bl T REBCO: B || Tape plane
Nb-Ti 15”’"""("”0 Plan;e 5‘ tape REBCO: B L Tape Plane FRESCA-2
| . Electric (2012 § umitomo . .
) 4.22 K High Field prod.) b ' Electric (NHMFL) i Bi-2212: 50 bar OP 13-14T
10 MR strand &~ Bi-2223: B || Tape Plane
(Luvata) + .
¥~ Bi-2223: B L Tape Place
Nb;Sn: High J, O Bi-2223: B L Tape plane (carr. cont.)
== Bj-2223: B L Tape plane (prod.)
\“ m==Om= N b3Sn: Internal Sn RRP®
mesfmm N b3Sn: High Sn Bronze

Compiled from === Nb-Ti: LHC 1.9 K
ASC'02 and

) = Nb-Ti: LHC 4.2 K
4543 filament High Sn ]UCA;’)C 03 pgf‘;?) )( I' i i
Bronze-16wt. %Sn-0.3wt%Ti el * *Xe « Nb-Ti: High Field MR 4.22 K
(Miyazaki-MT18-1EEE’04) MgB,: 18+1 Fil. 13 % Fill

10 . SS Eucard2: HTS-insert
0 15 20 25 30 35 40 45 to be tested in 2019

Apil 2018 Applied MagneticField (T) @ MASLAB (3-5) +(13-14)T: >16T
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