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PHYSICS BEYO
N

D CO
LLIDERS

Excerpt from
 the 2016 PBC m

andate by CERN
 M

anagem
ent:

“Explore the opportunities offered by the CERN
 accelerator com

plex 
and infrastructure to address som

e of today’s outstanding questions 
in particle physics through experim

ents com
plem

entary to 
high-energy colliders and other initiatives in the w

orld.”
Tim

e scale: next 2 decades
pbc.w

eb.cern.ch

PBC Sum
m

ary Report:arXiv:1902.00260
PBC BSM

 Report: arXiv:1901.09966
PBC Q

CD Report: arXiv:1901.04482
PBC Accelerator Reports: 

http://cds.cern.ch/collection/PBC%
20Reports?ln=en



C. Vallée, Sém
inaire LAPP, 25/09/2020 

Physics Beyond Colliders
2

PBC W
O

RKIN
G

 G
RO

U
P STRU

CTU
RE 

~100 core m
em

bers in the W
orking G

roups            > 200 W
G

 m
eetings

BSM
 conveners: C. Burrage, G

. Lanfranchi, S. Rozanov, G
. Ruoso

+ ext. experts + projects representatives: 
N

A62++, KLEVER, N
A64++, SH

iP,
LD

M
X, IAXO

, JU
RA, ED

M
 

Q
CD

 conveners: M
. D

iehl, J. Paw
low

ski, G
. Schnell

+ ext. experts + projects representatives:
CO

M
PASS++, M

U
onE, D

IRAC++
AFTER, CRYSTAL, 

LH
Cb-FT, ALICE-FT

N
A61++, N

A60++

O
rganisation

and follow
-up of activities docum

ented on http://pbc.w
eb.cern.ch/

M
ain coordinators: J. Jaeckel, M

. Lam
ont, C. Vallée
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PBC KICK-O
FF W

O
RKSHO

P, CERN
, Septem

ber 2016
Call for abstracts →

 20 selected for presentation

1
stG

EN
ERAL W

O
RKIN

G
 G

RO
U

P M
EETIN

G
, CERN

, M
arch 2017

Identification of m
ain issues to be studied

2
ndPBC W

O
RKSHO

P, CERN
, N

ovem
ber 2017

W
orking groups project reports

N
ew

 call for abstracts →
 7 selected for presentation

2
ndG

EN
ERAL W

O
RKIN

G
 G

RO
U

P M
EETIN

G
, CERN

, June 2018

3
rdPBC W

O
RKSHO

P: CERN
, January 16-17, 2019

Sum
m

ary of inputs to EPPSU
 and survey of future studies 

3
rdG

EN
ERAL W

O
RKIN

G
 G

RO
U

P M
EETIN

G
, CERN

, 5-6 N
ovem

ber 2019
U

pdated status of projects before EPPSU
 drafting session

Post-EPPSU
 W

O
RKSHO

P scheduled on 13-15 January 2021
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THE CERN
 LHC IN

JECTO
R CO

M
PLEX

> 1000 physicists
> 20 projects



N
A64 
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IM
PLEM

EN
TATIO

N
 CO

N
STRAIN

TS O
F N

EW
 PRO

JECTS
G

overned to a great extent by existing beam
lines/halls/experim

ents

e.g. SPS N
orth Area:

EHN
1

:
general purpose hall w

ith unique
high-E / m

edium
-I beam

s for all particles

ECN
3

:
unique underground hall
for high-I hadron beam

s

EHN
2

:
unique high-E / high-I μ-beam
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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AN
TIM

ATTER FACTO
RY

U
p to now

: 4 experim
ents

devoted to Antiproton and 
Antihydrogen

Properties

2.5 m
ore in preparation

to test gravity of Antihydrogen:
AEG

IS/G
BAR/ALPHA-g

ALPHA

BASE Antiproton Decelerator

ATRAP
(now

 stopped)

ASACU
SA

AFTER LS2: ELEN
A

Further deceleration of pbar
from

 5 M
eV to 100 KeV

→
 

trapping efficiency x ~100

Secures antim
atter physics

for the next decade

(for the record)
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G
AM

M
A FACTO

RY

Im
portant m

ilestone reached w
ithin PBC 

w
ith successful acceleration and storage 

of Partially Stripped Ions in LHC

Proof of Principle experim
ent w

ith
full configuration foreseen at SPS after LS2

N
B: physics reach to be quantified once all ingredients are better understood

G
oal of 10

7intensity gain 
versus existing facilities

N
ew

 idea introduced w
ithin PBC
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3 options studied
by LHCb

and ALICE

LHC internal targets are 
cost-effective com

pared to 
LHC beam

 extraction to 
new

 experim
ental halls

M
ain issue of LHC internal fixed targets: com

patibility w
ith other LHC program

s/goals

LHC FIXED-TARG
ET

M
ore system

atic
investigation of an idea

pioneered by LHCb
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N
EW

 e-BEAM
: eSPS

3.5 G
eV e-LIN

AC 
w

ith CLIC technology
connected to SPS 
for acceleration 

up to 16 G
eV

Slow
 extraction of up to ~10

16e/year 
if 1/3 of SPS duty cycle reserved to facility

LDM
X

N
ew

 idea building on CLIC R&
D
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N
EW

 e-BEAM
: AW

AKE++

Electron acceleration 
w

ith a plasm
a cell 

excited by proton bunches

Could provide ~10
15~50 G

eV pulsed 
e’s/year in the post-LS3 era 

to an experim
ent located 

in the CN
G

S decay tunnel

CN
G

S decay tunnel

First accelerated e
seen in 2018 (~2 G

eV) -Phase 2 (~10 G
eV) in preparation for run3

N
ew

 idea building on AW
AKE R&

D

CN
G

S decay tunnel
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PRO
TO

N
 BEAM

 DU
M

P FACILITY

Com
prehensive Design Study done w

ithin PBC
including critical tests of proton beam

 slow
 extraction and target prototype

N
ext step: TDR

400 G
eV

protons

Prévessin

Deeper study of an EoIsubm
itted in ~2013
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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PBC Q
CD PRO

JECTS IN
 W

O
RLDW

IDE LAN
DSCAPE

Structure Functions
Q

CD Phase Transition

U
nique reach of LHC-FT w

ith 
high statistics at high-x / high Q

2
U

nique reach of LHC-FT &
 SPS 

in transition region to high-µ
B
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N
A61++

O
pportunity to study open charm

 close to expected CP-region.
(w

as not done by 1
stgeneration SPS Q

GP-experim
ents)

Also unique m
easurem

ents for ν-beam
s and cosm

ic rays

M
oderate detector upgrades required, w

ell under control in collaboration w
ith ALICE

U
nique physics reach                     N

o new
 com

petition on beam
line
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(g-2)μ uncertainties

new
 experim

ents

M
U

onE
goal

e
+e

-

μ-e       ↔
        μ-p 

elastic scattering

In com
petition on

sam
e μ-beam

 in EHN
2

Suitable M
U

onE
position identified upstream

 of CO
M

PASS

→
 CO

M
PASS spectro

new
 CO

M
PASS TPC

R
p puzzle

CO
M

PASS goal

Convincing physics m
otivation

Both projects still need better quantification of feasibility and precision
as w

ell as studies for com
m

on siting and/or operation

40 stations

M
U

onE
↔

 CO
M

PASS(R
P )
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CO
M

PASS++/AM
BER “Q

CD FACILITY”

W
ith existing beam

s:
U

nique opportunity for higher precision
pion structure m

easurem
ents

W
ith new

 RF-separated K-beam
: 

(significant investm
ent possible for post-LS3):

Com
prehensive m

easurem
ent of strange spectroscopy 

Com
petition from

 grow
ing num

ber of Q
CD facilities w

orldw
ide 

Som
e highlights identified by PBC
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LHC FIXED TARG
ET

“Sim
ple” storage cells already open

unique opportunities in both 
hadron and Q

G
P physics

O
ptim

ization of FT-and collider-operation 
required to m

axim
ize LHC-FT physics reach

Already started by LHCb
in run 2 w

ith SM
O

G
.

Prom
ising SM

O
G

2 storage cell developm
ent: 

FT lum
ix ~100 in run 3

R&
D ongoing on polarized gas targets

and double-crystal set-ups
ALICE also interested
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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PBC BSM
 PRO

JECTS IN
 W

O
RLDW

IDE LAN
DSCAPE

EDM
 &

 
non-accelerator
projects cover
the very low

-
m

ass dom
ain

SPS 
beam

 dum
ps

probe a
specific 

M
eV-G

eV dom
ain

Precision &
 

rare processes
experim

ents 
extend reach of 
high-E colliders
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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(Baby)IAXO
 (axion

helioscope
successor of CAST):

consolidation of the project w
ithin PBC

thanks to CERN
 support to m

agnet design.
In approval stage at DESY 

JU
RA possible long term

 
“Light-Shining-through the W

all” experim
ent

com
bining state-of-the-art ALPS II optics

and CERN
 high-field m

agnets 

babyIAXO
IAXO

x

a
γ

x

γ

N
O

N
-ACCELERATO

R PRO
JECTS

JU
RA
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Full ring
~160 m

 Ø

PRO
TO

N
 EDM

 RIN
G

CPEDM
 Collaboration built w

ithin PBC

Investigations revealed need of a prototype ring 
to test and finalize control of system

atics.
Possible prototype site: CO

SY in Jülich

Prototype ring
~30 m

 Ø

Deeper study by PBC of a new
 m

ethod 
initially introduced in the U

S,
aim

ing at a breakthrough on proton EDM
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EDM
 LAN

DSCAPE

N
eutron EDM

 is leading the field for hadrons
Catching up in precision is a challenge for the proton 
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ν
πν

→
K

( BR ~ 10
-10 )

N
A62

U
ltra-rare K

+decays
Regular data taking started in 2016

20 candidates released in run 2 
in agreem

ent w
ith SM

aim
 at ~100 signal events in run 3

Vetos
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KLEVER: K
o→

 π
oνν

rare decay

K
0decays com

plem
entary to K

+decays for the CKM
 m

atrix and BSM
 searches.

W
ould require a new

 high intensity K
obeam

. 
~50 events could be collected w

ith a new
 detector sim

ilar to N
A62

KLEVER layout

N
ew

 idea introduced w
ithin PBC
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U
LTRA-RARE KAO

N
 DECAYS: N

A62 (K
+) ↔

 KLEVER (K
0)

com
plem

entary sensitivity 
to BSM

 m
odels

KO
TO

 com
petition to KLEVER (K

0→
π

0νν
)

at J-PARC (July 2018 projection) 

SM

Strong im
provem

ent of KO
TO

 perform
ance 

expected in the com
ing decade…

and possibly later.

Phasing of KLEVER in N
A62 hall is a m

ulti-param
eter issue: 

K
+results ↔

 K
+/K

0sensitivity ↔
 B-anom

alies ↔
 KO

TO
O

ption for adiabatic upgrades of N
A62 to a com

bined K
+/K

0experim
ent ?
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TauFV

Interception of sm
all BDF beam

 fraction to look for τ→
3μ

decays
Could set lim

its on branching ratio better than 10
-10level targeted by BELLE-II

Im
plem

entation layout under study

A sm
all experim

ental hall upstream
 of BDF target could trigger a unique rare decay facility

1 m
m

 W
 (m

ultiple) target
intercepting 1%

 of 2.10
20PoT

N
ew

 idea introduced w
ithin PBC
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PBC PRO
JECTS SPECIFICITIES

1) FACILITIES

2) Q
CD EXPERIM

EN
TS

3) BSM
 EXPERIM

EN
TS

•
Precision m

easurem
ents and rare processes

•
Beam

 dum
ps
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Protons or
electrons

H
eavy target + detecto

r
Absorber

Long high-Z/A target

LDM

Protons or
electrons

D
ecay volum

e
SMSM

Spectrom
eter

Absorber

Long  high-Z/A target

HP

BEAM
 DU

M
P EXPERIM

EN
TAL M

ETHO
DS

Graphics Courtesy Richard Jacobson

Visible decay to SM
 particles

𝒔𝒔𝒊𝒊𝒊𝒊
𝒊𝒊𝒊𝒊𝒊𝒊∝

𝝐𝝐
𝟒𝟒

Critical: BG
 control

Recoil e/N
 from

 rescattering
𝒔𝒔𝒊𝒊𝒊𝒊

𝒊𝒊𝒊𝒊𝒊𝒊∝
𝝐𝝐
𝟒𝟒

Critical: BG
 control

M
issing energy from

 invisible decays 
𝒔𝒔𝒊𝒊𝒊𝒊

𝒊𝒊𝒊𝒊𝒊𝒊∝
𝝐𝝐
𝟐𝟐

Critical: initial particle and pileup control 

N
B: reach in (m

,ɛ)depends on m
any param

eters: 
beam

 energy &
 intensity, decay length, signatures, background …

 

Electrons

Spectrom
eter

W
IM

P

Tracking/C
alorim

etry

A’
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HIDDEN
 SECTO

R M
AIN

 PRO
DU

CTIO
N

 M
O

DES

EXPERIM
EN

TAL SIG
N

ATU
RES

●
●

Prim
akov/Brem

strahlung:
M

ass reach m
ainly in sub-G

eV dom
ain,

w
eakly dependent on beam

 energy 

M
eson decays:

M
ass reach in m

ulti-G
eV dom

ain dependent 
on accessible m

eson m
ass thresholds (K,D,B) 

+ recoil particles or m
issing energy for rescattering

/ m
issing energy m

ethods 
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EXPERIM
EN

T
PERIO

D
BEAM

PARTICLES
O

N
 TARG

ET
SIG

N
ATU

RE
M

O
DELS

E137 @
SLAC

80’s
e  20 GeV

2 10
20

recoil e
DP, ALPs

E141 @
SLAC

80’s
e   9 GeV

2 10
15

visible
e

+e
-

DP, ALPs

E774 @
FN

AL
80’s

e  275 GeV
5.2 10

9
visible e

+e
-

DP

N
uTeV

@
FN

AL
90’s

p 800 GeV
2 10

18
visible μ

HN
L

N
U

CAL @
Serpukhov

80’s
p 70 GeV

1.7 10
18

visible γγ, e
+e

-, μ
+μ

-
DP, DS, ALPs

PS191 @
CERN

80’s
p 19 GeV

0.8 10
19

visible
HN

L

CHARM
 @

CERN
80’s

p 400 GeV
2.4 10

18
visible γγ,e

+e
-, μ

+μ
-

DP, DS, HN
L

M
AIN

 PAST BEAM
 DU

M
P PRO

JECTS

N
B: m

ost past beam
 dum

ps w
ere “cheap” by-products of other experim

ents 

DP = Dark Photon
DS = Dark Scalar
HN

L = Heavy N
eutral Lepton 

ALP = Axion-Like Particle 
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EXPERIM
EN

T
PERIO

D
BEAM

PARTICLES
O

N
 TARG

ET
SIG

N
ATU

RE
M

O
DELS

HPS @
JLAB

2016-20
e  2-6 GeV

~10
20

visible
e

+e
-

DP, ALPs

APEX @
JLAB

2018-19
e   1-4.5 GeV

~10
20

visible
e

+e
-

DP, ALPs

BDX @
JLAB

~2022
e  12 GeV

~10
22

recoil e
DP, ALPs

LDM
X

@
SLAC

>
2022

e 4-8 GeV
2 10

16
invisible

DP, ALPs

M
iniBooN

e
@

FN
AL

2013-14
p 8 GeV

1.8 10
20

recoile, N
DP

SBN
D @

FN
AL

>2020
p 8 GeV

6 10
20

recoilAr
DP

SEAQ
U

EST @
FN

AL
2021-30

p 120
GeV

10
18→

 10
20

visible
e

+e
-

DP, DS, HN
L

LBN
D @

FN
AL

>2025
p 120 GeV

~10
21

recoile, N
DP, DS, HN

L

M
AIN

 CU
RREN

T BEAM
 DU

M
P PRO

JECTS O
U

TSIDE CERN

Recent dedicated experim
entsdem

onstrate a regain of interest for beam
 dum

ps
Flavourfactories (BELLE II, …

) have also som
e sensitivity from

 exotic decays 

DP = Dark Photon
DS = Dark Scalar
HN

L = Heavy N
eutral Lepton 

ALP = Axion-Like Particle 
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EXPERIM
EN

T
PERIO

D
BEAM

PARTICLES
O

N
 TARG

ET
SIG

N
ATU

RE
M

O
DELS

N
A64++(e)

2015-24
e  100 GeV

~5 10
12

invisible &
 visible

e
+e

-
DP, ALPs

eSPS/LDM
X

> 2026
e  16 GeV

10
16

invisible
DP, ALPs

AW
AKE++

>
2026

e  ~50 GeV
~10

15
visible

e
+e

-
DP, ALPs

N
A62++

>
2022

p 400
GeV

10
18

visible
DP,DS,HN

L, ALPs

SHiP
> 2026

p 400 GeV
2 10

20
recoil&

 visible
DP, DS,HN

L,ALPs

N
A64++(µ)

> 2022
µ 160 GeV

5 10
13

invisible
DZ

µ , ALPs 

BEAM
 DU

M
P PRO

JECTS AT CERN

N
B: CERN

 offers unique opportunities w
ith both lepton and hadron beam

s
LHCb

and LHC-LLP dedicated projects (FASER, m
illiQ

an, CO
DEX-b, M

ATHU
SLA) 

have also sensitivity in sim
ilar m

ass range

DP = Dark Photon
DS = Dark Scalar
HN

L = Heavy N
eutral Lepton 

ALP = Axion-Like Particle 
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N
A64++

●
Dark Photon search 

from
 invisible decays 

w
ith m

issing energy

“Cheap” setup im
plem

ented 
in 2015 on H4 e test beam

W
ish also to extend the m

ethod to μ
/ hadron beam

s:
•

Few
 m

onths of µ beam
 w

ould 
test a (g-2)µ interpretation 

•
Few

 years of µ beam
 w

ould 
im

prove lim
its on m

illicharged
particles

Higher intensities foreseen after LS2

Configuration adaptable to e
+e

-visible m
ode

O
ne key feature: precision initial E

e tagging
w

ith synchrotron radiation
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EXPERIM
EN

TS O
N

 N
EW

 e-BEAM
s

LDM
X

Dark Photon and Axion-Like Particle searches w
ith:

•
a LDM

X-like detector on eSPS
(invisible m

ode)

•
An experim

ent on AW
AKE++

in the CN
G

S decay tunnel 
(e

+e
-visible decay m

ode)



B
e target

beam

B
e target

20 m

Protons
400 G

eV

80 m

H
N

L

A
’D

a
r
k

 S
c
a
la

r
s

A
L

P
s

N
A

62 dum
p 

(3.2 m
 of C

u + Fe))
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N
A62 PRO

TO
N

 BEAM
 DU

M
P

Achieved by closing the TAX collim
ator

1 year w
ould correspond to ~10

18PoT

TAX

Instrum
entation 

of N
A62 

decay vessel
w

ell adapted 
to searches in 
visible m

ode

A potential
precious source
of inform

ation
to final SHiP
optim

ization

Som
e N

A62 data taking in beam
 dum

p m
ode 

under consideration for run 3
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SHiP
O

N
 THE BEAM

 DU
M

P FACILITY
State-of-the-Art Dual Spectrom

eter
for hidden particle searches

Em
ulsion spectrom

eter
for DM

 scattering
+ ν

τ physics

Spectrom
eter

for DM
 decays

DM
 

decay vessel

Com
prehensive Design Study done w

ithin PBC
including μ

filter optim
ization + flux m

easurem
ents, and subdetector prototyping

N
ext step: TDR

Active m
agnetic 

m
uon filter



Phase I approved
for run 3  
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LHC-LLP DEDICATED PRO
JECTS

N
B: all are “sm

all scale” projects except M
ATHU

SLA
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PBC BEN
CHM

ARK M
O

DELS FO
R HIDDEN

 SECTO
R

Dark Photons, Dark M
atter 

&
 m

illicharged
particles

Dark Scalars

Heavy N
eutral Leptons

Axion-Like Particles

m
A’ = 0

defined to cover m
ost signatures and com

pare reach of projects under sam
e assum

ptions



α
D

= 0.1      
m

χ = 1/3 m
A’
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SEN
SITIVITIES TO

 DARK PHO
TO

N
S

•
M

ost of the LDM
X potential w

ill be covered 
at SLAC

•
AW

AKE++ dom
ain expected to be covered by

the com
petition in the com

ing decade
•

N
A64++ has a unique short term

 potential
•

SHiP has the highest long term
 potential 

at high m
ass / low

 couplings

W
orldw

ide context
CERN

 projects
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SEN
SITIVITIES TO

 
DARK FERM

IO
N

S (HN
L’s)

BC6

BC7

BC8

•
U

nique short term
 opportunities 

w
ith N

A62 Beam
 Dum

p and FASER
•

SHiP has the highest reach on the long term
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EXPLO
RATO

RY STU
DY O

F HIG
HER-EN

ERGY BEAM
 DU

M
PS PO

TEN
TIAL

the exam
ple of ALPs

PBC projects have a sim
ilar reach as for visible A’

(sim
ilar signatures γγ

and e
+e

-) 
N

o real breakthrough of 
LHC/FCC beam

 dum
ps:

SPS seem
s to offer a quite optim

al 
energy-intensity m

ix in the present context

arXiv:1902.04878
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Com
parison of SPS FT and HIG

H-EN
ERGY CO

LLIDERS for hidden searches

Dark Photons
HN

Ls

Different dom
ains of sim

ilar “sizes” explored by the various facilities
→

 all approaches needed to cover the full landscape

SPS-FT

H
E Colliders

SPS-FT &
LH

C-LLP
H

E Colliders

(courtesy G
aia Lanfranchi, see EPPSU

 Briefing Book)
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O
U

TLO
O

K: EPPSU
 IM

PACT O
N

 PBC PRO
JECTS 

EPPSU
 strong support to PBC-like projects in national laboratories, e.g: 

DESY (axion
searches), PSI (μ

rare decays), Frascati(dark photons), 
CO

SY (EDM
 prototype ring), etc…

w
ith a recom

m
endation to enhance CERN

 cooperation w
ith these Laboratories 

CERN
 PBC projects supported at a sim

ilar level as before EPPSU
: 

K rare decays, dark photons, Q
CD m

easurem
ents, 

w
ith current or new

 experim
ents requiring lim

ited accelerator investm
ents 

N
ew

 large PBC facilities at CERN
 in tension w

ith other priorities w
ithin CERN

 budget: 
how

 to fit the future of proposed facilities w
ithin financial constraints is now

 in the 
hands of the CERN

 M
anagem

ent. M
ain trends expected from

 the
post-EPPSU

 PBC 
w

orkshop scheduled at CERN
 on 13-15 January 2021
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EXTRA SLIDES
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PBC DELIVERABLES: ACCELERATO
R W

G
s 

Reports publicly available on CERN
 CDS:  http://cds.cern.ch/collection/PBC%

20Reports?ln=en
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EXPERIM
EN

TS READIN
ESS

Sum
m

arized in a sem
i-quantitative table

N
ew

 projects also constrained by existing beam
lines/halls/experim

ents
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LEVEL O
F M

ATU
RITY O

F SEN
SITIVITY ESTIM

ATIO
N

S
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DARK VECTO
RS

BC1

BC2
BC3

BC1 w
orldw

ide context
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DARK VECTO
RS IN

 DM
 PARAM

ETER SPACE (BC2)

α
D

= 0.1      m
χ = 1/3 m

A’
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Dark Photon invisible m
ode

O
. M

oreno (AW
LC17)

α
D

= 0.1      
m

χ = 1/3 m
A’

•
U

nique N
A64++(e) short term

 opportunity 
to explore the relevant DM

 param
eter space

•
Significantly higher reach of LDM

X@
eSPS,

to be put in regard w
ith a possible 

faster&
cheaperim

plem
entation of LDM

X at SLAC
(pending approval of LCLS-II beam

 extraction)
LDM

X@
SLAC
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DARK SCALARS

BC4
BC5
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ALPS IN
 BEAM

DU
M

PS

BC9

BC10
BC11
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W
ell controlled ν

beam
 

from
 a μ

storage ring 

Precise σ(ν) m
easurem

ents 
and a path tow

ards 
a ν

factory or a μ
collider.

N
uSTO

RM

Possible siting@
CERN

studied w
ithin PBC



C. Vallée, Sém
inaire LAPP, 25/09/2020 

Physics Beyond Colliders
57

N
A60++ and DIRAC++

Flattening of caloric curve
in 1

storder Q
G

P transition

U
nique physics reach for both

High hadron beam
 intensities 

→
 only reasonable im

plem
entation is in ECN

3

Both beam
s could fit together in ECN

3
But im

plem
entation can be done only 

once N
A62 has freed the hall

N
A60++

D
IRAC++
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M
ain issues: 

•
2 G

eV continuous proton beam
 (PS best option but non-nom

inal for REDTO
P)

•
Dem

anding detector technology (O
ptical TPC and dual readout calorim

etry)

Also in discussion at FN
AL

REDTO
P

η
–

η’ factory 


