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PBC EVENTS

KICK-OFF WORKSHOP, CERN, Sept. 6-7, 2016
> 300 registered participants, 3/4 from outside CERN
Agenda :
1. Theorists wishes
2. Accelerator complex opportunities
3. Potential future of existing programs | Talks on invitation
4. New ideas: Call for abstracts - 33 abstracts submitted, 20 selected for presentations

15t GENERAL WORKING GROUP MEETING, CERN, March 1-2, 2017
Identification of main issues to be studied

FOLLOW-UP OPEN WORKSHOP scheduled at CERN on November 21-22, 2017

https://indico.cern.ch/event/644287/
Progress on projects and new call for abstracts

NB: credit to Collaborations for the plots shown in this presentation


https://indico.cern.ch/event/644287/
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A DECADE OF VIBRANT “DIVERSITY” PHYSICS AT CERN !

~1000 physicists on ~20 experiments

/ > \
completed full swing expanding starting ?
[
CNGS (v) COMPASS (QCD) ANTIMATTER NA62 & NA64 (DM) PBC
DIRAC (QCD) NA61 (QCD) FACTORY v Platform (det. R&D)
(CPT) AWAKE (acc. R&D)
...+ CAST, OSQAR, etc...

Recent stop of major programs (e.g. CNGS) leaves room to new significant initiatives
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NEUTRINO PLATFORM <

s

DUNE LAr-TPC engineering prototypes to be calibrated .'
in low energy beams in a North Hall extension =

Prototypes being assembled in hall extension. Tight schedule to take beam data before LS2
NB: technology could also be on interest for future DM projects at CERN ;



CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shaft I
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orotons AWAKE successful first beam data end 2016
e with the establishment of plasma modulation

Laser
Merging
Point

Goal for 2017/18 is first electron acceleration
Post-LS2 program under preparation

Electron
Source . .
~ (Phase 2) A project of interest for future

high E / high | electron beams

Start of

Plasma 7@"
A
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. . . ] 450 GeV (V) —_—
Low E perturbative chiral QCD with mesonic atoms:
Discovery of nK atoms and metastable it atoms

AFTER LS2: wish to perform similar studies at SPS:
Increased statistics (x ~20) would allow quantitative test of
chiral SU(3), x SU(3); symmetry breaking with nK atoms

Main issues: siting at CERN and strength of Collaboration 9
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A or system size

Search for QCD Critical Point

g by scan in the (T, y;) plane

NN

Scan to be completed until LS2
No indication of CP yet

Beyond Co



<J/Y>/<h >+ 10°

wish to further study
QCD deconfinement

N

—_—

AFTER LS2:

with open charm

J/\ NA38/NA50

o 5 100

<Np >
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2020 o
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b

VERTEX NETECTOR
(AVCGE 1TS 2)
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SPECTATCR
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CALICE 1TSZ)

Would allow to disentangle statistical/dynamical models
in complement of J/ data from NA38/NA50

Main issues: factor 10 increase in beam intensity and high rate data taking
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NAG61 large acceptance TPC
also unique to constrain
v beam fluxes

Heavily used by T2K with Similar program starting
p-C and p-replica target data with the US for LBNF
E replica target, pion multiplicity error E
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New idea: NA6O++

Revival of NA60 concept to measure
low mass dimuons in heavy ions collisions

New feature: energy scan to revisit
QCD phase transition dynamics with
a focus on chiral symmetry restoration

Vertex spectrometer,

=

pea™

Main issues: Experiment siting and strength/resources of the Collaboration

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN 13
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a large acceptance
spectrometer inthe
intermediate x-domain
between H1/ZEUS
and HERMES/ILAB &
T
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COMPASS |

Muon beam data taking completed in 2012,
focused on quark spin contribution to proton spin
Longitudinal spin — Transverse spin
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COMPASS I(+1l) : SPECTROSCOPY AND PRIMAKOV

New isovector meson Pion polarizability
a,(1420) 1+ with 2009 Primakov data
(to be x 5 with 2012 data)
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COMPASS 11 (2014-18)

2016-17: DVCS : proton tomography with access
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2014+15+18: DY : Transverse Momentum Dependent (TMD) QCD effects in the valence regime

Measurement complementary to SiDIS : opposite asymmetries expected



AFTER LS2: wish RF separated ._PANDA _ COMPASS

. pM tum [GeV/ ¢y
antiproton and kaon beams (I x 50) AT A
| | | | | | | |
o Two body ;‘; DE_ 22
_— thresholds == 0 DD == Q0
T Molecules qqqq ccqq
Pl've:itr]l. EXCiGt'IaL‘:ioDnl":: Hybrids nﬁg,s§g CEg
Hybrids+Recoil nng,ssg ccg
° ngh statistics strange meson Glueballs 499,99
SpectrOSCOpy / Glueballs+Recaoil gg9g
e Exotic states spectroscopy qq Mesons light qq | cc
m,p,w,f; K K I, Nes Xa
complementary to LHCb/PANDA
| | | | | |
e Kaon and antiproton structure \“ 1 2 3 4 5 6
Mass [GeV/c?]

DY statistics
K~ beam 14,000 2,800 29,600
P beam 15,750 2,750 22,500

Main issues: Competition, cost of RF separated beam, Collaboration long term support

Physics Beyond Colliders at CERN 18
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New idea: “MU-E” experiment:
direct measurement of the dominant contribution to
the theoretical error on (g-2) , from p-e elastic scattering

High statistics space-like measurement
could reduce by factor 2 the current error Vacuum polarisation
derived from time-like processes

Full t range accessible thanks to high energy p beam boost, self normalized measurement
Might be feasible with reasonable resources within the (modified) COMPASS setup

Main issue: systematic effects (control needed at 10~ level)

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN 19



New idea: Fixed Target physncs with LHC beams

HCAL
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New idea: Fixed Target physics with LHC beams cont’d

HCAL

/// SPDIPS - o e
Crystal extraction ; =
Upstream | HT
of LHCb | |
_ ndfor
Bent-:::rystal ALICE
ac-‘;,r:::,,";:;\

UA9

= ;Z;Se' = -;— (1+QLP; cos0,)
! ‘ Proposed for measurement of magnetic and
electric moments of short lived baryons
& "”“’”b% Could test anomalous moments of heavy quarks

Main issue of LHC internal fixed targets: compatibility with other LHC programs/goals
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ANTIMATTER FACTORY —
- Antiproton Decelerator s =27 —

4 running experiments
devoted to Antiproton
and Antihydrogen
properties

s N =

=1 - L

s
ET
PO COPWNOE

2.5 more in preparation
to test gravity of
Antihydrogen:
AEGIS/GBAR/ALPHA-g

22
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Antiproton Properties
Magnetic moment:

e 10 ATRAP gain in precision of ~3 orders
® €------ exotic atom ------ » @ . .
d : _10e | ' of magnitude using new method
2 q0a | | with single trapped antiproton
> 0 ATRAP 2012
. | . | | - ° Significant improvement expected
IE]19&*.5 1950 1695 2000 2005 2010 2015 soon from BASE
* i Dirgsct {Famham 95)
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2 . 2 ] Biet of antiprotonic Helium
f—e—q Cold 1y
: 0.15;.?‘665 ﬂ.15IEE? ﬂ.15:"!ﬁ?5 >
{Antijproton-to-eleciron mass ratio -1836
Charge/Mass:
(za/m)p —1=1(69) x 10712 High precision BASE measurement
(q/m)p with cyclotron frequency
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120 | Quasi-trapped

Antihydrogen Properties

Hbar trapping established by 3 experiments
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Antihydrogen Properties cont’d: gravitation

2.5 experiments now devoted to a direct measurement

AEGIS

in-flight deviation of
Hbar atoms by gravitation

Statistical method

S E... .. ..~ for a first measurement of the sign

C. Vallée dmperiak 18 SUEP01



AFTER LS2: ELENA

Further deceleration
of antiprotons from
5 MeV to 100 KeV

kinetic energy

Will increase by 2 orders
of magnitude the antiproton
trapping efficiency

Under commissioning for
first connection to GBAR in 2017

Secures antimatter physics
for the next decade

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN 26



K > zvv | (BR~101) NA62

Rare K decays

Z Z

From concept...

Veto
Photons and Muons

Separated from signal by kinematic cuts :

: Km0
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i m2, ., GeVfc* Decay Region 65m Tracker
Signal regions 1 GHz 75 GeV unseparated beam,
11 MHz K* decays in detector
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K—>7zvv| (BrR~107)
¢ [5%2016data
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Signal regions: ~100 evts expected until LS2
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NA62

Rare K decays

...to reality !

W+

Z

X

Z

After many years of intensive
construction and commissioning

Detector fully operational in 2016,
first year of quasi-nominal operation

Physics Beyond Colliders at CERN



BR(K; — #%vv) x 10"

New idea: K° - m°vv rare decay (KLEVER)

K° decays complementary to K* decays for the CKM matrix and BSM searches.
Would require a new high intensity K° beam.
~50 events could be collected with a similar but basically new detector.
Competition from starting KOTO at JPARC:
few evts expected in coming years, upgrade by factor ~10 foreseen > 2025

] Min. flavor viol.

20

O ziz, LHT Detector layout for K; — 7%
] Randall-Sundrum
: - Similar to NA62 but basically new detector
Burgs; Buttazzo ens LAY 29-26
LAV 18-21 LKr
T AFC T T LAV 13-17 /

SAC

. LY

u General NP < FV

M,

b b L L L CPV
0 5 10 15 20 25 30

BR(K" — #tvv) x 1011 80 m 105 m 155 m 241.5m

Main issues: actual sensitivity vs competition, cost of new beam and upgraded detector



Intermezzo: the Hidden Sector

L=Lgy* L  cgiator TLns

_ Hidden Sector

. Naturally accommodates Dark Matter
Mediators or portals to the HS: y .
: . (may have rich structure)
vector, scalar, axial, neutrino

e.g.

- Long-lived objects
- Interact very weakly with matter

HNL, SUSY neutralino I'n, K-, I'p~ p*2>mntnd
Vector, scalar, axion portals, SUSY sgoldstino 'l

HNL, SUSY neutralino, axino v

Axion portal, SUSY sgoldstino YY

SUSY sgoldstino ]
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(v

Production + decay of new particle:
2 couplings = needs high intensity

A similar situation as the search for neutrino oscillations in the 70 — 80’s:

o
W

&

Invisible decay of new particle:
accommodates lower intensity

Intermezzo cont’d: the Hidden Sector

do not know if they exist and where they stand !

\e‘l’

5906

Cosmology

Meson decays

peak sea

searches

Collider

'eV

keV

MgV

rches e
P h
]

TeV >
\

Kinks in 3 decay spectrum |

Fixed Target searches complementary to others

Fixed
target
searches

Precision
electroweak
and flavour

violation
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Coupﬁng |

AFTER LS2 : NAG2++

105 = :
Wish to run ~1 year in beam dump mode .
to look for Heavy Neutral Leptons o7 s
10°%
10 e
-> possible intermediate step towards aall
a more ambitious beam dump facility e - . | Mass
Compact beam dump: ~11 A, Cu-based beam-defining collimator (TAX)
radioprotection-compliant even if target removed
Decay volume ~ 60 m long {in vacuum):
reasonable acceptance to long-lived states
LKr calor
TAX l I i LAV ;:Magnet | CHO_D_ u veto
1m Ggarracker . - . . " I 3 g -:j i o ; ff] >
target J — A RICH IRC e
om 50 m 100 m 150 m S 200m 250m
Large-angle y veto Straw chamber spectrometer
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Flagship program for a comprehensive investigation

SHiP of the Hidden Sector in the few GeV domain
Exploits the unique high-E/ high-1 SPS features

Similar layout as NA62,
with larger acceptance to
reach the c / b mass range

Hidden Sector
decay volume

Spectrometer
-, Particle ID
Search for Hidden Sector

particles (decays in the
decay volume)

arget/ |
hadron absorbe Emulsion

. 2 spectrometer
ctive muon shield P

Search for DM (scattering on atoms)
v, physics (specific event topology)



C. Vallé

SHiP physics reach

Visibly Decaying A’

BaBar, NA48/2, PHENIX

SHiP,
bremsstrahlung

10° Scalar with
Yukawa-like
couplings

1i0-5

_HNL coupling b SM U
% () 0] (]

Heavy neutral
leptons

Scenarios for which
baryogenesis was
numetrically proven

BAU / Seesaw

L
HNL mass (GeV)

e U2 5 L2 =82 10
inverted hierarchy

_HNL ooupling o SM U

flative scenarios
Aw limit)

%

[}

3

U2, U2,: U2,~0.061:1:4.3

Normal hierarchy

% % %
LRI e

NuTeV —~—

BAU /s Seesaw

.
HNL mass (GeV)

L2 stye iz o s ]
Normal hierarchy

10’

Significant &
mostly unique
extension of
reach for many
channels
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SHIP optimisation

Comprehensive Design Study ongoing

Magnetized hadron absorber - shorter muon shielding and high acceptance.
Muon yields and charm cross sections to be measured in test beams.
Background estimations can benefit from NA62 data.

Main issue: maximize physics reach to justify high investment of a new beamdump facility

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN 35



BDF NEW FACILITIES

BEAM DUMP FACILITY

DHE ﬁcﬁess_;__
& aBld!

Conceptual design ongoing at CERN.
Foreseen to be sited close to the North Area
Service Bld,

st 7 /4 | An opportunity for a new post-CNGS
iR | high intensity general facility at CERN

Access Bid.s

“Aux. Power

TARGET STATION

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN ou




\{./ ......... Ko NA64
X

First implementation in 2016
on an electron test beam

Yacuum vessel

T3

10-?

51

A”-> invisible decays: obtained and expected limits

e”, 100 Ge¥Y

Ballas

{1

Exclusion of (g-2), interpretation — |
with 1 day of data taking "f

confirms the potential of the method 1 g?EGE‘: e-
. eo
(more data under analysis)
C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Collid . ot - " %




AFTER LS2: NA64++

Wish to extend the method
tou/n/K/pbeams

£ =
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Process New Physics Sensitivity

e el E -t

s AT-> ete- Dark Sector: 103<e<10°

& A -> invisible Dark Photons and DM M, ~ sub-GeV
s alps New light states (V,S) mQ <103-107e
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0,0, < 109108

3. n(K)p-> M°n + E,,,..

+ K-> invisible CP, CPT symmetry Br <108-10°,

+ K-> invisible Bell-Steinberger Unitarity, Complementary to K->mvv

+ 79 n,n -> invisible new WC particles: 81
NHL, o0, VV Br< 10810

4. pA > 72"+ E;..

+ leptophobic Z~ ~ GeV DM 0;-<107-108 /p

Main issues: e beam intensity and CERN siting for other beams




Another possible source
of hidden particles:

Axions from the sun

CAST: Instrumented LHC magnet pointed
to the sun to convert Axions into X rays

10 g
- CAST
[ 3He and *He scans completed,
i start to bite into QCD models
S o ke »  Vacuum runs continued with
- nature “IAXO pathfinder” detection system
~ Physics
- (2017) R&D on new detection techniques
N | l . going on CAST CERN setup
1074 1073 102 1071 100
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New idea: IAXO

Next generation Axion Helioscope beyond CAST
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Wish to profit from CERN magnet expertise (ATLAS-like large bore toroid)
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IAXO TDR preparation

LLML | = ="
‘ Columbia @ INAF-Milano (Italy)

ik DTU (Denmark) | \ - . Bonn (Germany)
Heidelberg {Germany)

w §§ ( ..7 : INR-Moscow [Russia)

Zaragoza [Spain)
CEA-Saclay (France)
Mainz (Germany)

\';;F
o

1
q

s 9 '
- A4 RBI ({Croatia)
— DESY (Germany)
m Z v U. Hamburg (Germany)
' ! U.Valencia (Spain)
:'g: rrg:: na CERN U. Cartagena (Spain)
+- INFMN-Genoa ICCUB Barcelona (Spain)
CEA/Saclay (France) INFN-Frascati, (Italy)

Collaboration formally founded in July 2017, funding being secured to prepare TDR.
Prototypes of IAXO detector under preparation,
Support from CERN for magnet design granted within PBC
Baby-IAXO intermediate option may offer optimal sensitivity/cost ratio

Main IAXO issues: Collaboration strengthening and helioscope siting (DESY interest)




Laboratory Axions: “ALPS III”

Light shining through a wall
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Comparable limits obtained by -16F
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LHC 40 9.0 OSQAR (CERN) 2
“FCC” 100 (40) 13 (20) “ALPS 111”

A combined project (“ALPS I1l”) could benefit from CERN high field magnet developments



New idea: Storage Ring for proton/deuterium EDM _.. : . :ioce, wom 000 2000y 4
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Ring design ongoing by CERN with srEDM and JEDI collaborations

Lo
Main issue: control of systematic effects (e.g. B fields) 4




New idea: Gamma Factory

Use LHC beam to convert laser photons into 0.1 - 400 MeV y rays

LHC filled in with
partially stripped
lon beams

Expect factor 107 intensity increase
compared to present e-driven y ray beams,
would open a completely new field of
physics measurements and applications. 2

-
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NuSTORM

100m from the front face of the detector

1400m from the

Well controlled v beam from a u storage ring.

/ |
,'// ; -'"-—-/rf
" S\ Existing detector-Extension EHN1

Would allow precise o(v) measurements.
Also a path towards a v factory or a u collider.

Target + horn Pion beam line
OCS Absorber

\ OCS mirror / 7T
- Production straight section
S >y pel .. ...... .
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PBC WORKING GROUP STRUCTURE

BSM physics
working group

QCD physics
working group

e,
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Profon production

BDF
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study

|

ECM

working group f At
/ f \ study
¥
Corventional beam \ ‘ Taechnalongy \ ‘ LHC FT \ Oamma Faclory
working group working group Working group shudy

Organisation and follow-up of activities documented on http://pbc.web.cern.ch/
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http://pbc.web.cern.ch/

PBC DELIVERABLES

One main overview document supplemented by CDR/CDS
at a level of details matched to the maturity of the projects
To be submitted end 2018 as input to the next European Particle Physics strategy update

NB: no arbitration between projects to be done by PBC
Guidelines will come later from the Strateqgy update

One of the main added values of PBC: a forum for exchanges
between communities with similar motivations, under CERN “umbrella”:
SHiP/NA62, COMPASS/LHC-FT, COMPASS/MUE,
NA60/NA61/LHC-FT, JEDI/srEDM, OSQAR/ALPS, etc...
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C. Vallée, Imperial, 18 Oct. 2017

ADDITIONAL SLIDES

Physics Beyond Colliders at CERN
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ACCELERATOR SUB GROUPS DELIVERABLES

Subgroups:

Beam Dump Facility
EDM ring
Conventional beams
LHC Fixed Target
Technology

Studies:

Complex performance:

AWAKE
NuSTORM
Gamma Factory

C. Vallée, Imperial, 18 Oct. 2017

Deliverable:

Technical feasibility of BDF as input to SHiP CDS

Fully developed feasibility study incl. preliminary costing

Study upgrades for NA62++, NA64++, COMPASS++, DIRAC++ beams
CDR putting together UA9, LHC Collimation, AFTER...

Evaluation of possible CERN contributions to non-acc. projects

Performance plan in LIU era and exploration of new proton driver
Exploratory study of possible applications of AWAKE concept
Broad outline of possible implementation at CERN

Exploratory study incl. initial tests

Physics Beyond Colliders at CERN 49



PHYSICS SUB GROUPS DELIVERABLES

Deliverables for each proposed project:

e Evaluation of the physics case in the worldwide context
e Possible further optimization of the detector
 For new projects: investigation of the uniqueness of CERN siting

BSM subgroup : SHiP/NA64++/NA62++/IAXO/LSW/EDM ...

QCD subgroup : COMPASS++/pu-e/LHC-FT/DIRAC+/NA60++/NA61++ ...

C. Vallée, Imperial, 18 Oct. 2017 Physics Beyond Colliders at CERN

50



	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 34
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39
	Diapositive numéro 40
	Diapositive numéro 41
	Diapositive numéro 42
	Diapositive numéro 43
	Diapositive numéro 44
	Diapositive numéro 45
	Diapositive numéro 46
	Diapositive numéro 47
	Diapositive numéro 48
	Diapositive numéro 49
	Diapositive numéro 50

