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Large range of accelerators for Nuclear Physics
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NTOF Goals and Implementation steps

NTOF

- (Goals

- Nuclear Waste
Transmutation

- Medical Isotopes
Production

- Astrophysics
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NTOF Features

High instantaneous neutron flux
(1 0° n/cmz/pulse)

Jnique facility for measurements of
radioactive isotopes (maximize S/N)

o
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High resolution in energy (AE/E=10")
— study resonances

Neutron fluence (dn/dInE/7x10" p)
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Large energy range (25 meV<E <1 GeV)
— measure fission up to 1 GeV

—— Simuloted
—— Measured

Low repetition rate (<0.8 Hz) 1077 10
— NO wrap-around

1 10 10° 100 10" 10° 10° 10" 10

Neutron Energy (eV)



Collimator
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NTOF

- FAR Both beam lines have:
— 18t collimator:
halo cleaning + first beam shaping.
+ Horizontal tlight — Filter station,

path: - Sweeping magnet |
— 2"d collimator: beam shaping.

- EART at 182.5 m
- Vertical flight path:

- EARZ2 at 18.2m




Addressing the cosmological Lithium problem via ‘Be(n,cp)

- 'Be decay

- n+'Be =2 a+a (~2.5%)
NTOF result 2015

- n+'Be = p + ‘Li (~97%)
NTOF result 2016

+ possible because of
- high n rate and

+ small sample masses

EAR2

20 m

95% of primordial “Li from
Electron Capture decay of
'Be (T12=53.2 d)

7Ll problemt. persists



ISOLDE

1.4 GeV Protons
From PS Booster
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see talk by Maria Borge



ISOLDE

-+ Decay spectroscopy (IDS, TAS,..)

- Coulomb excitation (MINIBALL)
- Transfer reactions (T-REX, Scattering)

- Electromagnetic Properties (COLLAPS,
CRIS, NICOLE)

- Polarized Beta-NMR (VITO, COLLAPS)

- Masses (ISOLTRAP)

- Applications:

' \ [ / = ° o .- L y -
MINIBALL : - =—3 GPE T, Jravelling
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+ Solide state (Collections)

- Life Science (collections & VITO)



HIE-ISOLDE (phase 1)

+ 2 cryomodules

2 CMs : 5.5 MeV/u at A/q=4.5

- 5.5 MeV/u at

- A/g=4.5

Cd-Si Detector
T-REX
MINIBALL SPEDE

Scattering Chamber




HIE-ISOLDE (phase 2)

- 10 MeV/u

- 3 beamlines

Cd-Si Detector

MINIBALL T-REX
SPEDE

ISOL Solenoidal
Spectrometer




HIE-ISOLDE programme

|ISOSpIN symmetry

Magic numbers far from 126
stability g o

- Collectivity versus Single
Particle

Coulex
o

+ Shape Coexistence

Reaction for nucleo- SN ) . gy »
: : ;. ! CE
synthesis studies ' ~




COMPASS

COMPASS




COMPASS Programme

- legacy DIS Sivers asymmetry for gluons from SIDIS data

» Drell Yan processes
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polarized targets
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NAG1 / Shine

~13 m

MTPC-L

Vertex magnets

MTPC-R




NA61 — Systematic exploration of QGP phase transition
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INitial observation

NO INdication of a critical point
SO far

AIP,N]

exploration continues with
more nuclel

1.1



NAG1 / Shine

- Measurement of cross sections for
cosmic ray studies

- Measurement of target properties for
Nneutrino physics




LHC
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Superb performance of LHC in 2016 — also in p-Pb run

Configuration | Goal | Achieved _

5 TeV p-Pb ALICE 700x10° min bias 780x10°
events
8 TeV p-Pb ATLAS - CMS 50 nb-’ 69.5 - 65.5 nb-’
LHCDb - ALICE 10 nb™" 14 - 13 nb1
LHCf 9-12 h at 1028 cm2s™' 9.5 h
8 TeV Pb-p ATLAS - CMS 50 nb-' 124 - 118 nb1

ALICE - LHCD 10 nb-’ 25 - 19 nb-



0-Pb lead collisions in LHCb
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All 4 experiments contributing to Heavy lon Programme

Specific rapidity coverage

- ALICE specialising on low momentum
particles and particle identification

. HCb full coverage in forward direction

- ATLAS and CMS typically place harder

momentum selection

B muon system
hadronPID
s HCAL

s ECAL
S tracking

lumi counters

LHCh s
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ALICE at LHC — setup till Long Shutdown 2




AL/CE
Pb-Pb: J/P suppression at 5 TeV

Nnuclear modification
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ALICE after Long Shutdown 2

,LCE| Systems » Motivation: Focus on high-precision

m rements of rare pr
; ALICE =@ easurements ofr rare P obes at
low p-
: — can not be selected with hardware

Upgrade of the ; Upgrade of the _Upgrade of the trigger

ALICE Experiment ReadOUt&T”%c?niecarleesyigitR?prcH b Online-Ofﬂinecompl.Jting.system

C iment = — need to record large sample of

Technical Design Report for the Upgrade of the ALICE Readout and

 Target: Pb-Pb recorded luminosity:
>10 nb!

— gain in statistics: factor 100 for
selected probes!
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— plus pp and pA data
* Strategy:

Upgrade of the Upgrade of the Muon Forward Tracker

Inner Tracking System Time Projection Chamber Pl Reso — read out all Pb-Pb interactions at a
e - maximum
HRRE P rate of 50 kHz with a minimum-bias

trigger or
continuously (TPC)

— perform online data reduction

Detectors



ALICE ITS
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Physics-Beyond-Colliders (PBC

Phy

Sics
- *Beyond
“Colliders

+ Workshop 6-7 Sep 2016
+ Convened by
- C Vallee, J Jackel, M Lamont

- with 342 registered participants

- Will contribute to ESPP update
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16:00

17:00

18:00

19:00

Setting the scene

500-1-001 - Main Auditorium, CERN 08:30 - 09:30
Theorists - motivations, ideas and wishes

500-1-001 - Main Auditorium, CERN 09:30 - 10:30
Coffee Break

500-1-001 - Main Auditorium, CERN 10:30 - 11:00
Theorists - motivations, ideas and wishes

500-1-001 - Main Auditorium, CERN 11:00 - 12:00
Lunch

500-1-001 - Main Auditorium, CERN 12:00 - 13:30
Theorists - motivations, ideas and wishes

500-1-001 - Main Auditorium, CERN 13:30 - 14:00
Accelerator and infrastructure opportunities at CERN

500-1-001 - Main Auditorium, CERN 14:00 - 15:20
Coffee Break

500-1-001 - Main Auditorium, CERN 15:20 - 15:50
Accelerator and infrastructure opportunities at CERN

500-1-001 - Main Auditorium, CERN 15:50 - 17:30

Reception: either outside the main auditorium or on the terrace of the restaurant if

weather permits

Meni anzeigen

18:00 - 19:30
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14:00

15:00

16:00

17:00

Potential future of existing programs

500-1-001 - Main Auditorium, CERN

Coffee Break
500-1-001 - Main Auditorium, CERN

New experimental ideas

500-1-001 - Main Auditorium, CERN
Lunch

500-1-001 - Main Auditorium, CERN

New experimental ideas

500-1-001 - Main Auditorium, CERN

Coffee Break
500-1-001 - Main Auditorium, CERN

New experimental ideas

500-1-001 - Main Auditorium, CERN

Close-out: the next steps
500-1-001 - Main Auditorium, CERN

08:30 - 10:10

10:10 - 10:40

10:40 - 12:20

12:20 - 13:40

13:40 - 15:20

15:20 - 15:50

15:50 - 17:30

17:30 - 17:40



Particle Physics Programme on LHC injectors

NA61 / NA62 / NA64 / COMPASS
(+ neutrino platform R&D)

ALICE -

SPS .
\ Plasma acceleration
g ATLAS
ikadva e L R&D on the former
Vibrant antimatter — CNGS extraction line
Ti2 ' " 1992
program on the Ll il ,
Antiproton Decelerator: - r= > P
i — ' |
bright future L g PS TN e
o \'—/*f LINAC 2 . 1h = [ ] CTF3
secured with current \ ' ¢
LINAC 3 e LElR
ELENA upgrade —

NB: recent stop of major programs (e.qg. CNGS) leaves room for new significant initiatives

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 3



Fixed Target Programme

. NABT WMNH N —
2020

LEGACY TPCs WITH ALICE READ-0UT

‘\ NEW Tof DETECTORS
. (hHep wmRPCs 2)

- Charm deconfinement S /

PROJECTILE

* support for v-programme

SIDE-BACKIIARD DETECTAR
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.....
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» Drell-Yan with anti-p and
K-beams



Precision EDM Measurements using electrostatic ring

102° e-cm sensitivity would correspond to 100 TeV for new physics energy scale.
Pure electrostatic ring applicable to proton only

10.4m.

v o\ *-:{.3' Ikl ko k1= Ik:_; | 1:"’?{?3‘? iﬁ&z %ﬁ? 40 ——— 3, | T !
ey kg Y k4 o ™ 1 Hﬁ.&; !
X' kg ka3 "%, = R E
o kg ki
& k3 k3 b E
. b 4
- * Design sensitivity: 4x10-2° e-cm * . AN NN AN ]
r . k4 "% - 4 — 4 4 : 4 —
k_': Requires: Y ' ST -
.. - €lectrostatic deflector 8MV/m - - R R
:[kz o magnetlc_shleldlng kz]} Bending radius 92.3 m
L., --high precision SQUIDBPMsto , | . . rence 566
L . monitor the total radial magnetic ,, -\ |
2 7\ Electrode spacing 3 cm
-« field by vertical beam position x| o
“x  geparation between CW/CCW ks Deflectorshape Gyineneal
’»/“ ) ) k-*\;"' Harmonic, RF[MHz] 100, 35.878
o kg reeees 2 &
5 , ka k4 ‘\-"- QX, Qy 242, 044
A, k3 kg N
},‘4 K3 k; ke ki k3 “4\_.'--...* £, €, [mm-mrad] 17,3.2
T —— i
maximum 2 4.6x10

~_ p
V. Anastassopulos et al, https://arxiv.org/abs/1502.04317 Dispersion, max [m] sOm



Energy Frontier



Future Circular Collider FCC
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- European Design Study
- ~100 TeV pp in a ~100 km ring



Site investigations @ CERN

Studies are a priori site independent. — FCC@CERN benefits from existing
Infrastructure.

Ahgnment Profile

1900m —'Qukatemary
= L_axe
900m —Molasse
300m o Calcaiye
—~Urgonian
T = *Alignment
£800m —Shaft
; 500m
<
= 400m

. 90-100 km ring fits geology

Om
Okm 10km 2km O0%m _ 40km SOkm S0km 70km 80km 280km
Distance along ring clockwise from CERN (km)



Magnet R&D

- LHC: nominal 8.3 T; exercise 9 T (being studied)

- HL-LHC:
11 T dipoles In dispersion suppression collimators
12-13 T low-f quadrupoles ATLAS and CMS IR’s

{ ) |
i1} I)i;)islx Viod«

Dec 2015: 2 in 1 dipole
of 1.8 m length reaches
nominal 11.3 T.



Conceptual Design Report by end 2018

- pp-Collider (FCC-hh) - sets the boundary conditions
100 km ring, {s=100 TeV, L~2x10°°

HE-LHC is included (~28 TeV)

e"e’-Collider as a possible first step Schematic of an

% 80-100 km
| g long tunnel

. Js=90 - 350 GeV. \‘
| ~1.3x10°* at high

eh-Collider as an option

. /s=3.5TeV, L~10*



FCC-hh Parameters

Parameter

LHC

collision energy cms [TeV] 100 71.2

dipole field [T] 16 20 3.3

#IP 2 main + 2 2 2 main + 2
bunch intensity [101] 1 1 (0.2) 2 1.1 2.2
bunch spacing [ns] 25 25 (5) 25 25 25
luminosity/lp [1034 cm-2s-1] 5 ~25 12 1 5
events/bunch crossing 170 | ~850 (170) 400 27 135
stored energy/beam [GJ] 8.4 6.6 0.36 0.7
E-loss/turn 5 MeV 2 MeV [ keV [ keV
synchrotron radiation/beam 3 MW 5.8 MW 5.4 KW 9.5 kW




FCC eh

+eh option included in FCC study

- emerged from LHeC study

arXiv:1206.2913v1 [physics.acc-ph] 13 Jun 2012

CERN-OPEN-2012-015
LHeC-Note-2012-001 GEN

Geneva, June 14, 2012 7

LH.O

A Large Hadron Electron Collider at CERN

Report on the Physics and Design
Concepts for Machine and Detector

LHeC Study Group

ERL option for LHeC

REHR e 10-GeV linac S BE

injector

0.12 km

comp. RF 20, 40, 60 GeV

10, 30, 50 GeV

total circumference ~ 8.9 km

dump

> 10-GeV linac
0.03 km "
e- final focus



Goal of FCC study

+ Design report by end of 2018
*Including cost
- Includes High-Energy LHC study
+use of high field magnets in existing LHC ring

- Serves as input for Update of European Strategy of Particle Physics that is to
conclude by May 2020



Conclusion

- Broad and rich Nuclear Physics Programme in place at CERN

- ALICE is the dedicated Heavy lon Experiment at CERN

- Upgrade during LS2 - ready for 50 kHz operation with 10 nb™" goal
- all four LHC experiments take part in Heavy lon runs
- Further options explored for fixed target programme (PBC-study)

+ eh-programme also examined for FCC-study



