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Large range of accelerators for Nuclear Physics
• ISOLDE 

• HIE-ISOLDE 

• nTOF 

• PS 

• SPS 

• Fixed target 

• HiRADMat 

• LHC 

• ALICE 

• ATLAS, CMS, LHCb



nTOF



nTOF Goals and Implementation steps
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nTOF Features

• High instantaneous neutron flux 
(105 n/cm2/pulse) 

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

• High resolution in energy (ΔE/E=10-4)  
→ study resonances 

• Large energy range (25 meV<En<1 GeV) 
→ measure fission up to 1 GeV 

• Low repetition rate (<0.8 Hz) 
→ no wrap-around



nTOF - Layout of Experimental Area 2 (EAR2)
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nTOF

• EAR 

• Horizontal flight 
path:  

• EAR1 at 182.5 m  

• Vertical flight path:  

• EAR2 at 18.2 m

Both beam lines have: 
– 1st collimator:  
   halo cleaning + first beam shaping. 
– Filter station. 
– Sweeping magnet 
– 2nd collimator: beam shaping. 



Addressing the cosmological Lithium problem via 7Be(n,cp)

• 7Be decay 

• n+7Be → α + α  (~2.5%) 
nTOF result 2015 

• n+7Be → p + 7Li (~97%) 
nTOF result 2016 

• possible because of  

• high n rate and 

• small sample masses

95% of primordial 7Li from 
Electron Capture decay of 

7Be (T1/2 = 53.2 d)

7Li problem persists



ISOLDE

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: 

• Solide state (Collections) 

• Life Science (collections & VITO)

IDS

NICOLE
MINIBALL

TAS VITO

ISOLTRAP

Travelling	
	setupsCOLLAPS

CRIS

WITCH

collections

HRS

GPS

ISCOOL



HIE-ISOLDE (phase 1)

• 2 cryomodules 

• 5.5 MeV/u at 

• A/q = 4.5

Scattering	Chamber

MINIBALL

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

Cd-Si	Detector	
T-REX	
SPEDE



HIE-ISOLDE (phase 2)

• 10 MeV/u 

• 3 beamlines

12

ISOL	Solenoidal	
Spectrometer

MINIBALL
Cd-Si	Detector	
T-REX	
SPEDE

Movable	
Setups



HIE-ISOLDE programme 

• Isospin symmetry 

• Magic numbers far from 
stability 

• Collectivity versus Single 
Particle 

• Shape Coexistence 

• Reaction for nucleo-
synthesis studies



COMPASS

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 7

COMPASS: a spectrometer for proton spin physics and spectroscopy

Wish RF separated antiproton and kaon beams (I x 50) after LS2 
for further DY and spectroscopy studies 



COMPASS Programme

• legacy DIS 

• Drell Yan processes  

• polarized targets 

• Spin crisis

4

(a) (b) (c)

Fig. 1: Feynman diagrams considered for g⇤N scattering: a) photon-gluon fusion (PGF), b) gluon radia-
tion (QCD Compton scattering), c) Leading order process (LP).

metry can be expressed in terms of the amplitudes of the three contributing processes:

f PT ASiv sinfSiv =
Ds
s

=
sPGF

s
DsPGF

sPGF
+

sQCDC

s
DsQCDC

sQCDC
+

sLP

s
DsLP

sLP

= f PT (RPGFASiv
PGF +RQCDCASiv

QCDC +RLPASiv
LP)sinfSiv,

(3)

with s = Â j s j, Ds = Â j Ds j and f PT ASiv
j sinfSiv = Ds j/s j. The determination of R j is done on an

event-by-event basis by using the neural networks (NN) trained on Monte Carlo data as described in
Section 5.

4 Asymmetry extraction using the methods of weights

The method adopted in the present analysis was already applied to extract the gluon polarisation from
the longitudinal double-spin asymmetry in the SIDIS measurement of single-hadron production [36].
Both for the deuteron data (two target cells) and the proton data (three target cells), four target con-
figurations can be introduced. In the case of the two-cell target: 1 - upstream, 2 - downstream, 3 -
upstream0, 4 - downstream0. In the case of the three-cell target: 1 - (upstream+downstream), 2 - centre,
3 - (upstream0+downstream0), 4 - centre0. Here upstream0, centre0 and downstream0 denote the cells af-
ter the polarisation reversal and configuration 1 has the polarisation pointing upwards in the laboratory
frame. Decomposing the Sivers asymmetry into the asymmetries of the contributing processes (Eq. (3))
and introducing the Sivers modulation b t

j(~x,fSiv) = R j(~x) f (~x)Pt
T sinfSiv, which is specific for process j,

one can rewrite Eq. (2):

Nt(~x,fSiv) = a t(~x,fSiv)
⇣

1+b t
PGF(~x,fSiv)ASiv

PGF(~x)

+b t
QCDC(~x,fSiv)ASiv

QCDC(~x)+b t
LP(~x,fSiv)ASiv

LP(~x)
⌘
,

(4)

where t = 1,2,3,4 denotes the target configuration.

In order to minimise statistical uncertainties for each process, a weighting factor is introduced. It is
known [42] that the choice w j = b j for the weight optimises the statistical uncertainty but variations of
the target polarisation PT in time may introduce a bias to the final result. Therefore, the weighting factor
w j ⌘ b j/PT is used instead. Each of the four equations (4) is weighted three times with w j depending on
the process j 2 {PGF, QCDC, LP} and integrated over fSiv and ~x, yielding twelve observed quantities

First measurement of the Sivers asymmetry for gluons from SIDIS data 11
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Fig. 7: Sivers two-hadron asymmetry extracted for Photon-Gluon fusion (PGF), QCD Compton (QCDC)
and Leading Process (LP) from the COMPASS high-pT deuteron (left) and proton (right) data. The x
range is the RMS of the logarithmic distribution of x in the MC simulation. The red bands indicate the
systematic uncertainties. Note the different ordinate scale used in the third row of panels.

Sivers function that appears in one process can be different from the one appearing in a different process,
and assessment of compatibility requires a deeper theoretical analysis.

Table 2: Summary of Sivers asymmetries, ASiv
PGF ,A

Siv
QCDC,A

Siv
LP , obtained for deuteron and proton data.

deuteron data proton data
process asymmetry statistical error systematic uncertainty asymmetry statistical error systematic uncertainty

PGF -0.14 0.15 0.10 -0.26 0.09 0.06
QCDC 0.12 0.11 0.08 0.13 0.05 0.03

LP -0.03 0.02 0.01 0.03 0.01 0.01

For the asymmetry of the leading process, the high-pT sample of the COMPASS proton data has provided
a positive value (see Fig. 7 right-bottom panel). It can be compared with the COMPASS results on the
Sivers asymmetry for charged hadrons produced in SIDIS `p ! `0h±X single-hadron production [17],
which for negative hadrons was found to be about zero and for positive hadrons different from zero and
positive, so that for the two-hadron final state a positive value may indeed be expected.

The same analysis method was also applied to extract the Collins-like asymmetry for charged hadrons,
i.e. the cross section dependence on the sine of the Collins angle (fP + fS � p). To this purpose, the
asymmetries Asin(fP+fS�p)

PGF , Asin(fP+fS�p)
QCDC , Asin(fP+fS�p)

LP were determined for the same COMPASS high-
pT deuteron and proton data samples. The results are shown in Fig. 8. The amplitude of the Collins
modulation for gluons is found to be consistent with zero, in agreement with the naive expectation that
is based on the fact that there is no gluon transversity distribution [54]. Recently it was suggested that a
transversity-like TMD gluon distribution hg

1 could generate a sin(fS +fT ) modulation in leptoproduction
of two jets or heavy quarks [41]. In this case the results shown in Fig. 8 provide a bound to the size of
hg

1. The results given in the present letter can also be interpreted such that no false systematic asymmetry
is introduced by the rather complex analysis method used, and that the result obtained for the gluon
Sivers asymmetry, which is definitely different from zero, is strengthened. It should also be noted that
the Collins-like asymmetry of the leading process for the proton is found to be consistent with zero for
high-pT hadron pairs, in qualitative agreement with the measurement of the Collins asymmetry in single-
hadron SIDIS measurement [55], where opposite values of about equal size were observed for positive

Sivers asymmetry for gluons from SIDIS data



NA61 / Shine

EPJ Web of Conferences

Figure 1. Schematic layout of the NA61/SHINE experiment at the CERN SPS (horizontal cut in the beam plane,
not to scale).

Figure 2. Data taking status of the strong interaction programme of NA61/SHINE.

2 Spectra and yields: studying the properties of the onset of
deconfinement

One of the main signals of the onset of deconfinement are the kink, horn, and step [3] struc-
tures observed in Pb+Pb collisions by the NA49 collaboration. Analysis of spectra and yields by
NA61/SHINE allows to check whether these structures are present also in collisions of small and
intermediate mass nuclei. Recent measurements of Argon on Scandium collisions are an important
step in this program. Figure 3 shows the spectra of ⇡� from strong and electromagnetic processes
in Ar+Sc collisions at 150A GeV/c obtained with the h

� analysis method [6]. The fact that approxi-
mately 90% of negatively charged hadrons produced in the SPS energy range are ⇡� mesons is at the
core of this method. Correction for contribution from other negatively charged particles is done using
Monte Carlo simulations based on the EPOS 1.99 model [7] together with the GEANT-3.2 code for
particle transport and detector simulation.

Rapidity spectra (see Fig. 3, middle) were fitted to obtain 4⇡mean multiplicities of ⇡� mesons [9].
As the measurements via the h

� analysis method are possible only for ⇡� mesons, the multiplicities
of ⇡+ and ⇡0 mesons were approximated by h⇡i

p+p

= 3h⇡�i
p+p

+ 1 and h⇡i
A+A

= 3h⇡�i
A+A

. In order to
compare matter created in the collisions of di↵erent nuclei the mean pion multiplicity h⇡i is divided
by the mean number of wounded nucleons hWi corresponding to the given class of collision centrality.
This quantity was obtained using the Monte Carlo model - Glissando 2.73 [10]. Figure 4 shows the



NA61 – Systematic exploration of QGP phase transition



Initial observation

• no indication of a critical point 
so far 

• exploration continues with 
more nuclei

EPJ Web of Conferences
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Figure 7. Preliminary results on ![N] of the multiplicity distribution of negatively charged hadrons in inelastic
p+p interactions and for the 0.2% of events with the lowest E

F

in Ar+Sc collisions at 19 and 150A GeV/c.
Statistical uncertainties are smaller than the symbol size. The horizontal dashed line divides the plot into WNM
exluded (below the line) and WNM allowed (above the line) zones.

The NA61/SHINE collaboration performed measurements of these two quantities for inelastic p+p
interactions, as well as Be+Be and Ar+Sc collisions for the smallest 5% of forward energies [20].
Figure 8 shows �[P

T

,N] (left) and ⌃[P
T

,N] (right) as a function of
p

s

NN

and mean number of
wounded nucleons hWi (from [10]). No dip-like or hill-like structures that could be related to the
critical point of strongly interacting matter are observed in these results.
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Figure 8. Preliminary results on �[P
T

,N] (left) and ⌃[P
T

,N] (right) of all charged hadrons in inelastic p+p and
central Be+Be and Ar+Sc collisions. Statistical uncertainties are smaller than the symbol size.

3.3 Higher order moments of the net-charge distribution

The fluctuation quantities analyzed in sections 3.1 and 3.2 include only first and second moments of
the studied observables. Higher order moments of fluctuations should depend more sensitively on ⇠,
possibly making the signal of the CP more visible. Another reason to measure higher order moments



NA61 / Shine

• Measurement of cross sections for 
cosmic ray studies 

• Measurement of target properties for 
neutrino physics



LHC



• pp 

• pA 

• AA 

Beams of

Comprehensive 
experimental 
approach 
independent of 
theoretical 
assumptions



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

38

Status of LHC machine and injectors
SPC 
Frédérick Bordry 
12th December 2016

LHC Goals of p-Pb run surpassed

Reminder: 1 month p-Pb/Pb-p run at 5 TeV in 2013 gave 31nb-1 to ALICE, ATLAS, CMS and 2nb-1 to LHCb.

Configuration Goal Achieved
5 TeV p-Pb ALICE 700x106 min bias 

events
780x106

8 TeV p-Pb ATLAS - CMS 50 nb-1 69.5 - 65.5 nb-1

LHCb - ALICE 10 nb-1 14 - 13 nb-1

LHCf 9-12 h at 1028 cm-2s-1 9.5 h

8 TeV Pb-p ATLAS - CMS 50 nb-1 124 - 118 nb-1

ALICE - LHCb 10 nb-1 25 - 19 nb-1



p-Pb lead collisions in LHCb



All 4 experiments contributing to Heavy Ion Programme

• Specific rapidity coverage 

• ALICE specialising on low momentum 
particles and particle identification 

• LHCb full coverage in forward direction 

• ATLAS and CMS typically place harder 
momentum selection



ALICE at LHC – setup till Long Shutdown 2



Pb-Pb: J/ψ suppression at 5 TeV

• nuclear modification 
factor RAA: 
 

• very different behaviour 
between LHC and RHIC 
(vs both centrality and pT) 

• most straightforward 
explanation: c-cbar 
recombination at LHC
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ALICE after Long Shutdown 2The	ALICE	upgrade	
•  Mo7va7on:	Focus	on	high-precision	

measurements	of	rare	probes	at	
low	pT	
–  can	not	be	selected	with	hardware	

trigger	
–  need	to	record	large	sample	of	

events	
•  Target:	Pb-Pb	recorded	luminosity:	

≥	10	nb-1	

–  gain	in	sta=s=cs:	factor	100	for	
selected	probes!	

–  plus	pp	and	pA	data	
•  Strategy:	
–  read	out	all	Pb-Pb	interac=ons	at	a	

maximum	
rate	of	50	kHz	with	a	minimum-bias	
trigger	or	
con=nuously	(TPC)	

–  perform	online	data	reduc=on	

21	September	2016	 C.	Zampolli	-	127th	LHCC	mee=ng	 26	

Systems	

Detectors	

ALICE	



ALICE ITS

1.3 Upgrade overview 7
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Figure 1.1: Layout of the new ITS detector.

a particle was crossing a pixel is read out. The main functional elements of the new ITS are
introduced in the following section, while its main geometrical parameters are listed in Tab. 1.1.
As will be shown in Chap. 7, a new silicon tracker featuring the characteristics listed above

will enable the track position resolution at the primary vertex to be improved by a factor
of three or greater. The standalone tracking e�ciency would be comparable to what can be
presently achieved by combining the information of the ITS and the TPC, but extended to
much lower values of transverse momentum. The relative momentum resolution of the silicon
tracker standalone would be about 4% up to 2GeV/c and remain below 6% up to 20GeV/c.

1.3.2 Detector layout overview

The geometry and requirements of the new ITS provide a natural grouping of the seven layers
in two separate barrels (Inner Barrel and Outer Barrel), each with di↵erent specifications, as
shown in Figs. 1.1 and 1.2. The Inner Barrel consists of the three innermost layers, also referred
to as Inner Layers (Layers 0 to 2), while the Outer Barrel contains the four outermost layers,
also referred as Outer Layers (Layers 3 to 6). The ITS layers are azimuthally segmented in units
named Staves, which are mechanically independent. Staves are fixed to a support structure, half-
wheel shaped, to form the Half-Layers. The term Stave will be used to refer to the complete
detector element. It consists of the following main components:

• Space Frame: truss-like lightweight mechanical support structure for the single stave
based on composite material (carbon fiber).

• Cold Plate: carbon ply that embeds the cooling pipes.

• Hybrid Integrated Circuit: assembly consisting of the polyimide flexible printed circuit
(FPC) on which the Pixel Chips (2⇥ 7) and some passive components are bonded.

• Half-Stave: the Stave of the Outer Barrel is further segmented in azimuth in two halves,
named Half-Stave. Each Half-Stave consists of a number of modules glued on a common
cooling unit.

8 1 Introduction
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Figure 1.2: Schematic view of the cross section of the Inner Barrel (left) and Outer Barrel
(right).
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Figure 1.3: Schematic drawing of the Inner Barrel (left) and Outer Barrel (right) Staves.

• Module: The Staves of the Outer Barrel are further segmented longitudinally to Modules.
Each Module consists of a Hybrid Integrated Circuit that is glued onto a carbon plate
(Module Plate).

The Staves for the Inner Barrel and the Outer Barrel are illustrated schematically in Fig. 1.3.

1.3.3 Experimental conditions

The experimental conditions in terms of interaction rates and particle multiplicity, which have
been used as basis for the definition of the detector specifications and simulation of its perform-
ance, are presented below.

Table 1.2 summarises the expected maximum hit densities for primary and secondary charged
particles. An additional contribution to the overall particle load comes from e+e� pairs generated
in the electromagnetic interaction of the crossing ion bunches. These will be referred to as QED
electrons. The latter contribution depends on the detector integration time.



Physics-Beyond-Colliders (PBC)

• Workshop 6-7 Sep 2016 

• Convened by 

• C Vallee, J Jäckel, M Lamont 

• with 342 registered participants 

• Will contribute to ESPP update



Particle Physics Programme on LHC injectors

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

CURRENT PARTICLE PHYSICS ON LHC INJECTORS
NA61 / NA62 / NA64 / COMPASS

(+ neutrino platform R&D)

Plasma acceleration 
R&D on the former 
CNGS extraction lineVibrant antimatter 

program on the 
Antiproton Decelerator:

bright future
secured with current

ELENA upgrade

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



Fixed Target Programme 

• NA61 

• Charm deconfinement 

• support for ν-programme 

• COMPASS 

• Drell-Yan with anti-p and 
K-beams

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 6

NA61/SHINE: a Fixed Target TPC spectrometer in the North Hall

Wish to further study QCD deconfinement with charm after LS2 (add vertex detector)
Also a unique facility to be maintained for control of future neutrino beams

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 7

COMPASS: a spectrometer for proton spin physics and spectroscopy

Wish RF separated antiproton and kaon beams (I x 50) after LS2 
for further DY and spectroscopy studies 



Precision EDM Measurements using electrostatic ring

16

New idea: Pure Electrostatic Storage Ring for proton EDM
10-29 e-cm sensitivity would correspond to 100 TeV for new physics energy scale.

Pure electrostatic ring applicable to proton only



Energy Frontier



Future Circular Collider FCC

- 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.

90-100 km ring fits geology 



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-𝛽 quadrupoles ATLAS and CMS IR’s

16 T
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~2x1035  

• HE-LHC is included (~28 TeV) 

• e+e--Collider as a possible first step 

• √s= 90 - 350 GeV,  
L~1.3x1034 at high E 

• eh-Collider as an option 

• √s=3.5 TeV, L~1034 



FCC-hh Parameters

Parameter FCC-hh SppC LHC HL LHC

collision energy cms [TeV] 100 71.2 14
dipole field [T] 16 20 8.3
# IP 2 main + 2 2 2 main + 2

bunch intensity  [1011] 1 1 (0.2) 2 1.1 2.2
bunch spacing  [ns] 25 25 (5) 25 25 25
luminosity/Ip [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
synchrotron radiation/beam 

5 MeV                                      
3 MW                               

2 MeV
5.8 MW

7 keV
5.4 kW

7 keV
9.5 kW



FCC  eh

• eh option included in FCC study 

• emerged from LHeC study ERL option for LHeC
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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 Ion Experiment at CERN 

• Upgrade during LS2 – ready for 50 kHz operation with 10 nb-1 goal 

• all four LHC experiments take part in Heavy Ion runs 

• Further options explored for fixed target programme (PBC-study) 

• eh-programme also examined for FCC-study


