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...Se Maometto non va alla montagna...

oltre a misurare la possibile interazione della
materia oscura (DM) nella nostra galassia con del
dispositivi nei laboratori sotterranei, e’ anche
possible cercare di misurare la Materia Oscura
“producendola” con acceleratori di particelle
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Cosa sono gli acceleratori di particelle in due
parole

- urti tra particelle (o particelle-antiparticelle)
accelerate (come?)

- traiettorie lineari o curve (come?)

- E=mc2 —> nuove particelle
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avete mai letto
“il Tao della Fisica”?

leggete, leggete...
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Perche’ usiamo gli anche gli acceleratori per
rivelare la Materia Oscura e come?
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COME RIVELARE LA MATERIA OSCURA R

direct detection indirect detection

X S 7 M % DM SM
D v B o e
S, AN on” e
4 nucleon u t )\

u

must know: nucleon u
form factors, DM local
density, background SM DM
levels... must know: detector,
reconstruction, SM
backgrounds...
SM DM
SM
missing
transverse
momentum
* MET
1°1 NAAA~1L 11~ - 1. Annrd Ana=— “ ( )
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IL SETTORE NASCOSTO el

Leading SM coupling to Neutral Hidden Sector

» Scalar Right-Handed neutrino U(1)
05HTH LHNRg B/wVW
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Partcelle del Settore Nascosto possono
potenzialmente risolvere molti problemi aperti
della Fisica delle Particelle come

Material oscura: WIMPs, assioni, neutrini sterili

Bariogenesi: neutrini sterili

Masse dei neutrini attivi: neutrini sterili, see-saw
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un esempio: IL PORTALE VETTORIALE
¢ f X
\ B A VL ,
. 2 . o V\fq’ o =g'?/Am
u u _ .
: : f NoX
V e’ Il mediatore o
vettoriale (detto anche se e e piccoloe la
A o A’) ed e’ chiamato massa di V e’ piccola la
Dark (o Hidden) Photon vita media di V puo’
e si mescola con il essere molto lunga
fotone con una (decade dopo un lungo
probabilita’ e percorso)
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We use electrons, positrons, protons
(and also muons) in fixed target experiments

A/

... as well as data from ete”
and pp collisions

A/

'~ %q A 9y ::':' ' @000 L
Y , o ;._..-<
T :""~\ ' Qa0 T —
ogni diagramma che contiene un fotone
puo essere usato per produrre il fotone nascosto

% 14 MATERIA OSCURA-27 OTTOBRE 2017



W 4 S

ol M Gk
lvkﬁ.J 9..\‘“.?) Al

+ LHC @ CERN

MATERIA OSCURA-27 OTTOBRE 2017

15



MATERIA OSCURA-27 OTTOBRE 2017

16



= 4‘ * l(_FRN.{-f nnt

ATTASS

-

MATERIA OSCURA-27 OTTOBRE 2017




- fne\';'r(sn
g . DAY

L H C North Area

ALICE T/\ LHCb
—H .

1976 (7 km)

" ATLAS
HiRadMat
gl

BOOSITER

G Y> mmmm

A East Area
n-lol \‘ b
' LINAC 2
‘ ut \ ’ . ’ _Aﬂyi‘ >
N LINAC 3 LEIR
;

]u!~
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Produzione e rivelazione di Materia Oscura N TER
4 Positive evidence ) - Negative evidence A
beam dump Missing energy
A) 10 m b b 10 1 B)
E!=Ep ——i

Ncocgt ~102 EOT (ap and £2)

Come per la rivelazione
diretta (vedi
presentazione di Marco
Razeti) si cerca una
interazione della DM
nel rivelatore

B

Target/ECAL/HCAL

Nc<cg2 (2 only)

In questo caso invece
ci si basa sulla cinematica
dell’evento ricostruendo
solo le particelle standard e
utilizzando le leggi di
conservazione dell’impulso
e dell’energia
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_MS DETECTOR
: 14,000 tonnes

STEEL RETURN YOKE
12,500 tonnes

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Total weight
Jverall diameter :15.0m
Overalllength  :28.7m
Magnetic field  :3.8T

SILICON TRACKERS
Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 um) ~200m? ~9.6M channels

Muon Detectors

ATLAS

Electromagnetic Calorimeters

CMS

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

ATLAS

Solenoid .
Forward Calorimeters

End Cap Toroid

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Cha
Endcaps: 468 Cathode Strip, 432 Resistive Plaf

PRESHOWER
Silicon strips ~16m* ~137,

FORWARD CALO
Steel + Quartz fibres ~2

YSTAL
ECTROMAGNETIC
.LORIMETER (ECAL)
3,000 scintillating PbBWO, crystals

IADRON CALORIMETER (HCAL) Inner Detector

irass + Plastic scintillator ~7,000 channels

Hadronic Calorimeters Shielding
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ci si basa sulla cinematica
dell’evento nel piano

CMC)NO—X ortogonale ai fasci WWM

e.g.. Z'-like mediator, s-channel, tagging object from ISR
but also: xxXX interactions, t-channel...

what happens what we see
Js v, W, Z, H... background
q, g X 4
I signal
mediator / S/
/SM 8DN / MET
X ©
q, g X AMET
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ATLAS

Signal Reglon
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Confronto con le ricerche dirette Wrsn
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Per masse basse dove le ricerche dirette non sono
sensibili???? serve “boost”

What about here \
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Acceleratori per la ricerca di Materia Oscura
per masse tra MeV e GeV

Existing accelerators
* CEBAF & LERF@JLAB
* DAD®NE LINAC
e SPS extracted beams@CERN

e Colliders:
DA®NE, LHC, SuperKEKB, BES-III

Approved new accelerators
— MESA@Mainz

Proposed accelerators upgrades
— DASEL@SLAC
— BDF@CERN (SHiP)
— Positrons from Synchrotron@Cornell
— VEPP-3 bypass
— Positrons from DA®NE ring?
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Esperimenti con la rivelazione diretta
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. Interazione della Materia Oscura nei rivelatori JARK
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Mimics scattering of neutrinos, which provide dominant background13
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ASTA

Advanced Supetmtng
\ Test Aocélerahor

E5 v s ik
Test-Beam and
Fn(ed-TargetBeamllnesé

Muon
Complex .

MlNOS-NOvA

To Minnesota

Fermilab
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MIiNnIBooNE at Fermilab

Beam Dump

Target

Decay Pipe

1.86x1020 POT

P —=Rov72073 Sept. 2014

Bel  Air

MiniBooNE Detector

50 m

Production (O (¢2g,))

Neutral-Meson Decay

Proton Bremsstrahlung

‘,—' X

M et

p > b
27

P >

> p

4 m

Detection (O (2g,))

Elastic Bound Nucleon

-~ -
-
...........

- -

------

Mauro Raggi, Sapienza Universita' di Roma
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m, =10 MeV, o, = 0.1

— MB 90% CL
------- MB 90% Sensitivity
i . t10
S o Relic Density t20
10—4 b I Lol |
. 10~ \,
arXiv:1702.02688 m, (GeV)
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Hg TARGET

SHIELDING MONOLITH

e ——————

CENNS-10 -
(LAr)

CAMERA

o@

Esperimento COHERENT alla SNS a Oak-Ridge
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COHERENT (SNS)

Recent detection of coherent v scattering, consistent with the
SM allows constraints to be set on any new contributions

L 30t Beém OFF ' ' ' ' 1t ' | ' ' Beam'ON 1
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c
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¢ Beam OFF v, BN v Beam ON
8 45 } it H ¢ g
(T
> 30}
S 15} . <
; TUT FULIPTT SUUTRA t
N AARARAS AL MLAMMT Y| WSS AR AN INRPA AN Y .
- 1 3 5 7 9 11 1 3 5 7 9 11
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Coherent elastic
neutrino-nucleus scattering (CEVNS)

"~

A neutrino smacks a nucleus : 70
via exchange of a Z, and the
nucleus recolls as a whole;

coherent up to E ~ 50 MeV A AA

at low momentum transfer

- Nucleon wavefunctions in the target nucleus
{ are in phase with each other

do 2 / 2 Momentum
‘ -~ dQ ~ A7 f (K k) transfer Q =k' -k
g For QR <<1 ,

P [total xscn] ~ A2 * [single constituent xscn]

34
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e TR %' SBND (112 ton LArTPC at ~100m!

MiniBodNE. .
N

SBND-Electron
ex-ex my=3m, a=0.5 POT=2x10%
1076
1077
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=
il - 10-° >
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[ Il >10° Events Direct Detection
1072 107" 1
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R — R
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SHiP is a PROTON BEAM DUMP experiment proposed at CERN
with the SE-S £ beam of 400GeV W|th 2x1 02000V5 years

The SiiP facility is located
on the North Area, and
shares the TT20 transfer
line ard slow extraction
mode with the fixed target
programmes

It would make good use of the full SPS intensity that, apart from
the ~2fill/day of the LHC, is not exploited
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Decay volume — |

. *
Emulsionsaaatrometer

Target/Magnetised hadron absorber

$

Active muon shield

signature: a >= two track decay vertex in the
____decav tunnel
DIRECT EVIDENCE OF NP :
DETECTION of dark matter particles with masses below few GeV
neutrino-e- scattering
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Neutrino target:

o Modular structure made of ECC bricks:
sandwich of plates of high Z passive
material interleaved with thin emulsion films

o Brick walls interleaved with planes of
electronic trackers > provide time stamp,

link muon tracks in emulsion to
downstream muon spectrometer

Target Trackers

ELECTRONIC
TRACKERS

. . | COMPACT EMUISION
Dimensions: 0.8 x2 x 1.6 m’ | N e e rohacel
Number of ECC bricks: ~ 900 | B 1
Total mass: ~ 7 tons ¢
Horizontal magnetic field . hi-
EPS 2017, 5-12 July, Venezi Comoreon
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Esperimenti in corso con la rivelazione di materia
oscura per via cinematica o indiretta:

due players: collisori e+e- e esperimento NA62 al
CERN
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Y
e xperimental Hall2*
e ..’: ’ ), /- _ ' - - <

'1* Qs # PEPX

j’ ’} Expenmentam‘ll 1

SLAC Collisore PEP, esperimento BABAR
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INF

‘ Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

- Tracking Chamber

. Support Tube

‘ Vertex Detector

. Cherenkov Detector I

)

llllllll

BABAR detector

43

BABAR main focus: study of CP violation in B mesons

42
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In questo caso
cl si basa sulla cinematica
dell’evento ricostruendo
sia I’energia sia I'impulso
mancante (ovvero la
massa)
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(picture by O.

® Magnet

Griinberg, May 2017)

43
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CERN: ricostruzione cinematica con
energia mancante

Pre-shower ECAL

HCAL
‘n\l
e- P R
7&\ &
: !
: !
: !
- [
! i i
! L i
: Kl'netlc i
Sca’c'teringm]xIng Miss',ing momentum
with Nuclei signature

CERN SPS H4 Beam In NA

450 GeV proton + beryllium target
100 GeV electron beam

~5x10° e/spill of ~4.8 s

2 spills/min

PSB N
ISR
WEST
//// EXPERIMENTAL
AREA

LEP/LHC

HHHHH
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......
i
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The NA64 detector
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Jefferson Lab

Operated for the DOE Office of Science-Nuclear Physics

Iefferson Lab Research:
Experimental, computational and theoretical CEBAF
nuclear physics 20

* Accelerator Science, SRF technologies and
FEL

* Radiation detectors and medical imaging

* Cryogenic technology

* 1530 users from 236 institutions and 31
countries

Cryogenics

RF Energy Feeds

Office of

7 ENERGY | science G Jefferson Lab
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CEBAF @ JLAB | P

» Polarized electron beam (P>85%)

» Four 249.5 (or 499) MHz interleaved
beams, generating a 1497 MHz CW
beam

* Design energy 2.2 GeV/pass:

o 5 passes, 11 GeV (Halls A,B & C)
o 5.5 passes, 12 GeV (Hall-D) 123 MeV Injector

1497 MHz \

1.1 GeV Linac
1497 MHz \

Fiber Lasers

249.5/499 MHz A G AP separators ) ERF @ JLAB

499/750 MHz

An energy-recovery superconducting
linear accelerator of ~¥170 MeV

Double Sided
A Septum

 Flexible extraction options for ABC,
1st...5th pass
* HallA& C 1 MW high power dumps APEX in Hall-A

HPS in Hall-B
BDX behind Hall-A dump DarkLight

Emittance < 10 (5) nm rad horizontal(vertical)
Energy spread <5 10
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____________

Monophoton

Missing Mtm

Event rate ~ €2 for

------ ~ missing E/mtm vs

¢4 for scattering,
but requires control
of backgrounds

m, [MeV]
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Possibile produrre direttamente la Materia Oscura
agli acceleratori

Ricerche complementari alle ricerche dirette nei
laboratori sotterranei!
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