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Compressed Baryonic Matter

4

Physics program

Explore the QCD phase diagram

* QCD critical endpoint

[J. M. Heuser, QM 2012 ]|
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Nuclei

e equation of state at high net baryon density
e deconfinement phase transition

* chiral symmetry restoration

Quarks and Gluons

Color Super-
Neutron stars conductor?

Net Baryon Density

Probes of the high-density phase

* open charm, charmonia

e |ow-mass vector mesons

e multistrange hyperons

e flow, fluctuations, correlations
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Open charm and charmonia @ CBM

» they are produced close to (nucleon-nucleon) threshold energies
@ FAIR HI collisions

» hence, total and relative yields of hadrons with charm are very
sensitive to the degrees of freedom in the early fireball

» predictions from hadronic transport model (HSD) vs statistical
hadronization model (SHM) :

[ CBM Physics Book |

“assuming a complete dissociation
of charmonium in QGP

Andry Rakotozafindrabe (CEA Saclay)



CBM @ FAIR

SIS 100

Super - FRS

SIS-100 a5 SIS-300

 heavy ions (Au) up to -. heavy ions up to
|1 A GeV ____ . 35A GeV
VsnN = 4.7 GeV Vsnn = 8.3 GeV

* light ions (Ca) up toy _ | light ions up to
14 A GeV 45 A GeV

VsnN = 5.3 GeV :' | VsnN = 9.3 GeV
e protons up to 29 GeV ' / protons up to 90 GeV

Vsnn = 7.5 GeV Vsnn = 13.1 GeV
[ M. Pefrovici, EUNPC 2012 ]
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The Facility for Antiproton and lon Research FAIR

photos by."the FAIR GmbH
May 2013
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[ F. Rami, Rencontres QGP-France 2013 ]
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FAIR in 2018

Antiproton
Ann/hllatlons 5)
Ba bl .~ i Nuclear
e . P  structure,
~ Astro physics,
Reactions

 APPA.
Atomic physics,
_gplasma physics,

..............................................................................

First beam expected in 2018 with SIS-100

Andry Rakotozafindrabe (CEA Saclay) 74



CBM challengers

Density and Temperature at freezeout
for different beam conditions
(from hadron gas model)

CBM Physics Book

— S=0&Q/B=0.4
RHIC

10
FAIR CBM@FAIR
i MPD@NICA

Hadronic freeze-out
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J. Randrup & J. Cleymans
[Phys. Rev. C74 (2006) 047901]

0.04 0.08 0.12
Net baryon density p, (fm”)

> Maximum net-baryon density reached at ~30 AGeV (Vs\y = 8 GeV)
> well within SIS300 range

[ F. Rami, Rencontres QGP-France 2013 |
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CBM challengers

» Comparison @ VsnN = 8 GeV (= case where SIS-300 is
delivering heavy ions to CBM)

heavy flavour
Timeline Experiment | Energy range Reaction rates | Observables, Vsy,= 8 GeV
(Au/Pb beams) Hz : -
° 282 & | &
= I « L
- o
BES-| : on-going \RE@R °0 e °05 s g g no
BES-11 :2018-2021 Qs 0
AG1@SP 0 — 160 AGe 30 {
2009-2015 _ y | A M e i 0 § no
PD A 4.0 0 Ge 000 '“;‘
Not yet funded A i} i i o

>20I87 Dubna at desig C

(SIS IOO) 20 18 | Darmstadt \/sNN- 2 7 8 3 GeV (iimit detector) Y J yes &

[ F. Raml Rencom‘res QGP France 2013] [J. M. Heuser, QM 2012 |
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Expected yields

Hinher e e trigger acc x eff for
multiplicity in min. bias o5 tion rate needed

collisions central collisions

\ / / yleld I's yield / 10 weeks

7.5-10 6‘K Tt
2.3.10°

0.002 1-10% 1.
n()m (»1 [ l."'7 102 12 10‘

Ko

]”_,,\_ :

*c
utp ()()G ’
p*ﬂ 7.3-107° '

[ CBM Physics Book |

Au+Au collisions @ 25 A GeV,
based on HSD calculations

Andry Rakotozafindrabe (CEA Saclay)
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CBM modular design

full version

Transition

Ring Imaging Radiation

Cherenkov

Micro
Vertex
Detector

Target

Dipole
Magnet

[ J. M. Heuser, QM 2012 ]

Muon
Detection
System

Technically challenging !
» filter out rare probes at reaction
rates of up to |10 MHz
» up to |k charged particles / event

Detector Detectors /
Silicon =
Tracking
System J T e |

Resistive Plate
Chambers (TOF)

Electro-

magnetic
/ Calorimeter

Projectile
Spectator
Detector
(Calorimeter)

two configurations:
- electron-hadron

- and muon setup

Andry Rakotozafindrabe (CEA Saclay)

11



CBM modular design

full version

Ring Imaging Transition Resistive Plate

Cherenkov Radiation Chambe CBM Costs
Detectors
Detector

Silicon
Tracking
System

Vertex

| Wia ) L e Y 11.5
o =y {] o 96
Detector [ | RSN
Target =N i A

Dipole
Magnet

[J. M. Heuser, QM 2012 ]

Muon
Detection
System

Technically challenging !
o SI.IITI
» filter out rare probes at reaction | QRELL
rates of up to |10 MHz .
» up to Ik charged particles / event two versions

Andry Rakotozafindrabe (CEA Saclay) 11



Several scenarios : the example of
the MuCh

Fe (absorbers) Detector triplets

MUCH

SIS-100 configuration SIS-300 configuration

‘ ? Full version
\_—-n 25 A GeV Au+Au — p,w,0,J/

~ MWl start version
Ml 10 A GeV Au+Au - J/y
Iron absorber: 20+70+135 cm
—— 3 detector triplets: 7
~ #l GEM + GEM (!) + straw tubes _i

-

L
N
o me

Z /-
——

=
————

Iron absorber:
3x20+30+35+100 cm

6 detector triplets:
2 GEM+2 micromegas (!)

+2 straw tubes

——‘
= = —

[

TN

[ M. Pefrovici, EUNPC 2012 ]

» impact on performances !

Andry Rakotozafindrabe (CEA Saclay) 1:2



Several scenarios : the example of
the MuCh

Fe (absorbers) Detector triplets

SIS-100 configuration SIS-300 configuration

/

/

, J/Y Invariant mass spectrum
M| Start version

_ 10 A GeV Au+Au - JY = "
Iron absorber: 20+70+135 cm & Vs

3 detector triplets:
4*102UrQMD p + Au @ 30 GeV

il GEM + GEM (!) + straw tubes _sa

S
~—

= 100

Mult. =6 - 103
Br.ratio = 5,93%
Eff. = 43,34% 50

m, (GeV/c?h)

N of hits in MUCH 2 4

» impact on performances ! e

[ V. Akishina, FAIRNESS 2012 ]

Andry Rakotozafindrabe (CEA Saclay) 1:2



BERGISCHE .
universitat CBM performance (i):

WUPPERTAL -
Charm / charmonium

N

()

* All performance simulations: Au+Au 25 A GeV (S|S300)

— realistic detector geometry
— event generator: UrQMD (+PLUTO)
-~ GEANT3

- Jly - e*e 4 .1010
o J/W will be running at maximum event rate: - events
— 10 MHz minimum bias event rate

* Open charm at reduced rate:
— 100 kHz — 1MHz
— limited by Micro Vertex Detector MVD
— reconstruction of displaced vertices

22 24 26 28 3 32 34 3.6 38 4
M. GeV/c?

%ﬁ 10" centr DO —K TT TT 1T
a
i %#
*#% ¢
S/B = 0.5(0.16)
-, 1)

~D
ﬁhdkﬁwﬂw\eﬁ=335%

_ 10°centr Dt =K TTTT T
- | 125D
S/B = 2.5(1.24)

[
n
(=]
&

]
eff =4.75%

uir
| 63D

Entries / 8 (MeV/c?)
Entries / 8 (MeV/c?)

i
ik W«Jm%u

2
m, , (GeV/c?)

[ C. Pauly, 2013 ]
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Outlooks

[ J. Heuser, Advanced Studies Institute -
Symmetries and Spin, 2013 ]

CBM time line

2013 2014 2016 2016 2017 2018 2019 2020 2021 2022 2024 2025

construcion [N I

Installation
commissioning

L
experiments at SIS100 .---
Cave ready 'I SIS100 ready

experiments at SIS300 -
mmmmmmmm » SIS-100 financed

I‘ . » Substantial part of CBM start version

foundatlon
ccon:anglr?y tenders completion of
4 Oct. 2010 structural works ﬁ n a n C e d
tart of construction: start
construction permit and installation of
526 MEuro funding received accelerators
and detectors } S I S_ 3 OO 7
[ ]

preparation of

[ J. Heuser, QM 2012 ]

construction site 2018:

building data taking
applications

Andry Rakotozafindrabe (CEA Saclay)
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CHIC: Charm in Heavy on Collisions

F. Fleuret L -F-Arleo2-E. G. Ferreiro 3, P.-B. Gossiaux 4, S. Peigné *

LLLR, Ecole polytechnique — IN2P3/CNRS, Palaiseau, France

2 LAPTh, Université de Savoie — CNRS, Annecy-le-Vieux, France

3 Universidad de Santiago de Compostela, Santiago de Compostela, Spain
4 SUBATECH, université de Nantes — IN2P3/CNRS, Nantes, France



Why the charm/charmonium at SPS ?

!y

o PHENIX:e« D (p? > 0.3 GeV/e, |y| < 0.35)@

AuAu \s, =200 GeV

o PHENIX: J/y (ly| < 0.35)

N
PH ENIX

overall open charm production : (the?)
reference, unmodified by the QGP

Andry Rakotozafindrabe (CEA Saclay)
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Why the charm/charmonium at SPS ?

high pr prompt J/y, inclusive {(2S)
Y(1S), (2S), (39) Sequential melting ?
R R L e AR R X c Is the missing piece for the

CMS Preliminary 0-100% 5 y
PbPb\s,, = 2.76 TeV ] charmonium family (30% of the
| prompt J/y yield)
o Inclusive y(2S) (6.5 <p_< 30 GeV/c, |y] < 1.6) ]
[ ¥ Y(3S)(lyl <24), 95% upper lmi .| Sequential suppression - screening
- 4 Y(2S)(ly| <2.4) =
H m prompt Jy (6.5 <p_ <30 GeVic, |yl <24) _6
0.6- GBS il s ©
AUAu |s,. =200 GeV % - ¥ T(S) vl <24) ‘8
o PHENIX: e <D (p? > 0.3 GeV/c, |y| < 0.35)@ 0.4 ’6_
o PHENIX: J/w (ly] < 0.35) ~— 4 - =
PH ENIX . iy S
50 100 150 200 250 300 350 400 02—wy(25) Y(2S) O
3 Y(3S) -+ S
Noar N S SN TR TR 3
. 0 02 04 06 08 s
overall open charm production : (the?) Binding energy [GeV] Temperature (Energy density)

reference, unmodified by the QGP

Andry Rakotozafindrabe (CEA Saclay) 16



Why the charm/charmonium at SPS ?

high pr prompt J/y, inclusive {(2S)

Y(1S), (2S), (39) Sequential melting ?
4T T X c Is the missing piece for the
_ CMS Preliminary 0-100% } .
12 PbPb\/Syy, = 2.76 TeV ] charmonium family (30% of the
| prompt J/y yield)
“ . Inclusive ¢(2S) (6.5 <p_< 30 GeVlc, |y] < 1.6) ]
0.8l Y(3S)(lyl <24). 95% upper limit > | Sequential suppression - screening
-+ T(25)(lyl < 24) =
@ s prompt Jy (6.5 <p_< 30 GeVic, y] < 2.4) o)
AuAu s, = 200 GeV % L ¥ TR =24 S
PHENIX:e<—D(p$>O.3 GeVle, |y|<0.35)@ 0.4l Y(1S) : S.
o PHENIX: J/y (lyl < 0.35) ~— ‘ - .
PH ENIX | Iy [
50 100 150 200 250 300 350 400 02—-y(25) Y(285) 5
N ) Y(3S) + -
part N S NPT TR TR PR DI 3
0 02 04 06 08 ] =
| harm production : (the?) indi . i
overall open ¢ P : : Binding energy [GeV] Temperature (Energy density)

reference, unmodified by the QGP

recombination

LHC

At SPS energies (Pb+Pb) :

* |/ suppression occurs in
the middle of the accessible

screening

energy density range
* negligible recombination Energy Density

>
=
Q0
®©
O
(@)
| .
o
[
ke
2
O
=)
§®)]
o
—
o
£
=
[
(@)
£
—
©
L
O
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Why the charm/charmonium at SPS ?

high pr prompt J/y, inclusive {(2S)
Y(1S), (2S), (39) Sequential melting ?
R R L e AR R X c Is the missing piece for the

_ CMS Preliminary 0-100% | ) .
12 PbPb\/Syy, = 2.76 TeV ] charmonium family (30% of the
| prompt J/y yield)
“ . Inclusive ¢(2S) (6.5 <p_<30GeVic, lyl<1.6) -1
0" Y(3S)(lyl <24), 95% upper limit >~ Sequential suppression - screening
-+ Y(28)(lyl <24) h
H m prompt Jy (6.5 <p_ <30 GeVic, |yl <24) _6
. % _ ¥ T(1S)(lyl <24) 8
AuAu \s, =200 GeV o)
o PHENIX:e« D (p? > 0.3 GeVle, |y| < 0.35)@ 0.4l S_
5 PHENIX: J/y (Jy] < 0.35) ~— ‘ , c
PH ENIX . Wy S
50 100 150 200 250 300 350 400 02—wy(25) Y(2S) 8]
é Y(3S) % =)
| PP SN BN S o
. 0 02 04 06 S
overall open charm production : (the?) Binding energy [GeV] Temperature (Energy density)

reference, unmodified by the QGP

recombination

LHC

SPS is the best place

to study the color

screening At SPS energies (Pb+Pb) :

* |/ suppression occurs in
the middle of the accessible
energy density range

screening

need open charm +
X ¢ measurements * negligible recombination Energy Density

>
=
i)
@
o)
o
—_
a
c
Qo
S
o
>
©
o
—
a
S
2
c
o
£
—
@
<
)
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What is the expected suppression s i g
+30% X~ Jiw+y

pattern for X ¢! ¥ 10% @ — I X

Inclusive }J/V yield

Two scenarios : 2 : 1 J

o
:_ EXPECTED % /DY 4570 JIYDY .0
1.8 [ — suppressed by QGP

------- % suppressed by comovers Pb(208 x 158 GeVic)-Pb

$(32 x 200 GeVic)-U
p(450 GeVic, LI)-A
p(450 GeVic, HI)-A

D p(400 GeVic, VHI)-A

QGP:

* current Y’ data shows a nearly
complete melting of ™ in central Pb+Pb

* X . melting should start after \P* melting

Measured/Expected

- -
N B

L _1_T_l_]_T_1_T_[_1_T_l_]_f_l_

.

* current inclusive J/\) data suggests
almost no X . remains in central Pb+Pb

.
3
L

v IDYU_ .

Alternative (no QGP) scenario :

* suppression by comoving hadrons

* smooth suppression

® same suppression-starting point

* slopes related to binding energy :
Sy > Sx > Sy

Pb(208 x 158 GeVic)-Pb
S$(32 x 200 GeVic)-U
p(450 GeVic, LI)-A
p(450 GeVic, HI)-A
p(400 GeVic, VHI)-A

4)rKON

Andry Rakotozafindrabe (CEA Saclay) 17



"“'CHIC d.esign

Calorimeter:

= ultra-granular EMCal

= VW + Si layers a la CALICE
- 30 layers
- 0.5 x 0.5 cm? pads
- 24 X,in 20 cm

- AE/E ~ 15% /+/E

Magnet:
Im long 2.5T dipole

Instrumented Absorber :
4.5 m thick Fe absorber
= dimuon trigger rate ~ 0.3 kHz

Estimations based on NA60/
CERN telescope performances

Silicon Spectrometer
covers |.5 rapidity unit

Ap/p = 1% = J/'Y mass resolution ~20 MeV/c?

Could be magnetized to
“measure muon momentum

* Measure charmonia in di-muon channel with very good mass resolution
e Measure photon from X . decay in high TT° multiplicity environment

* Muon absorber/trigger : minimize fake triggers from T1/K decays

Andry Rakotozafindrabe (CEA Saclay)
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Performances in Pb+Pb

dimuon+photon invariant mass | Entries 3831;;
: 0 200k J/W embeded in Pb+Pb min.
bias events from EPOS + decays in
» di-muon (70%)

» Xt photon (30%)

Entrles 36213
Mean 3.037

uons not from J/y decay
uons from J/y decay

acc x eff ~ 17.4%
after acceptance/selection cuts within ycms € [-0.5, 0.5]

» Corresponds to ~| week of data taking w/a 10% A, Pb target

Andry Rakotozafindrabe (CEA Saclay) 19



Expected number of

¢ Typical 40-day Pb+Pb run (107.s* Pb beam > 10% A, Pb target)

— ~ 180 000 J/¥Y > p*u recorded Possible y, suppression pattern

W]

— 2 extreme numerical scenarios:
Y. yield

IV yield
'j — 16942 x 4% = 677

~180 000 J/¥ ST BY 4270

Pb(208 x 158 GeV/c)-Pb

~ 1300 WV’ S(32 x 200 GeVic)-U
~ p(450 GeVic, LI)-A
3000 1,

D(450 GeVic, HI)-A
D(400 GeVic, VHI)-A

—_
Qo

~ 4%

* Ify.suppressed as J/Y

—
=

most periph
. yield

oy yield 27
e Ify suppressedas¥V’' 2-—=2.18 j
Y SUPP P yield _ f %#H¢

Measured / Expected
(N! fa))

—

=
oo

most periph
. yield

- W Pb(208 x 158 GeV/c)-Pb
Er range (GeV) Y J/ 4 Fe S{S{ExEEﬁU Gev.-'-:}-lj
320 186 £ 25 || - ‘ 146 406 677 E % p(450 GeV/c, LI)-A
20-35 243 £ 31 530 1010 0.2 -4 p(450 Gevic, HI)-A
35 50 227 + 35 || 27276 + ._-‘ 495 1091 [ ¥ P(400 Gevie, VHI-A

D II|III|III|IIIIIIIIIIIIIIIIII

50 65 193 + 36 1 1107 T R

65 80 154 + 36 U 200 336 1093 I‘
30 95 150 & 37 || 25111 = ma 647 1004

.3075 . =gl Expect 3000 <N, <7000

NA5Q data
[ F. Fleuret, GDR PH-QCD 2013 ]

'j = 16942 x 4%x 0.6 = 406

W IDYy57

Eur.Phys.).C49:559-567,2007

Andry Rakotozafindrabe (CEA Saclay)




x_ p+A program

A thorough p+A program is mandatory to study Cold Nuclear
Matter effects as a reference to study Hot Nuclear Matter effects

* Must control (understand) :

— charmonium absorption by cold nuclear matter =» A dependence
— Shadowing/anti-shadowing (x, scaling)

} = Need large y.ys range

— Energy loss, formation time (x; scaling)

Mid-rapidity : y s € [-0.5; 1] Forward-rapidity : y.,s € [0.5; 2]

St (00

[ F. Fleuret, GDR PH-QCD 2013 ]
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Status and outlook

Eol submitted to the SPS Committe (Oct. 2012)
CERN-SPSC-2012-03 1

FUROPEAN ORGANISATION FOR NUCLEAR RESFARCH

Expression of Interest

for an experiment to study charm production with proton and
heavy ion beams

(CHIC: Charm in Heavy lon Collisions)

Andry Rakotozafindrabe (CEA Saclay)
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http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf

Status and outlook

Eol submitted to the SPS Committe (Oct. 2012)

CERN-SPSC-2012-03 1

FUROPEAN ORGANISATION FOR NUCLEAR RESFARCH

Expression of Interest

for an experiment to study charm production with proton and
heavy ion beams

(CHIC: Charm in Heavy lon Collisions)

MINUTES of the 108th Meeting of the SPSC (Jan. 2013)

CERN-SPSC-2013-008

The SPSC has received an expression of interest to study charm production with
proton and heavy ion beams. The SPSC recognizes the strong physics motivation of
a study that addresses central open questions about the color screening of
charmonium in heavy ion collisions and about cold nuclear matter effects. For a

comprehensive investigation, an extension including open charm production would
be desirable.

For further review, the SPSC would require a letter of intent with information
about the experimental implementation and the collaboration pursuing it.

Andry Rakotozafindrabe (CEA Saclay)
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Status and outlook

Eol submitted to the SPS Committe (Oct. 2012)
CERN-SPSC-2012-03 1

FUROPEAN ORGANISATION FOR NUCLEAR RESFARCH

MINUTES of the 108th Meeting of the SPSC (Jan. 2013)
CERN-SPSC-2013-008

Expression of Interest

for an experiment to study charm production with proton and

The SPSC has received an expression of interest to study charm production with
proton and heavy ion beams. The SPSC recognizes the strong physics motivation of
a study that addresses central open questions about the color screening of
charmonium in heavy ion collisions and about cold nuclear matter effects. For a

comprehensive investigation, an extension including open charm production would
be desirable.

heavy ion beams

(CHIC: Charm in Heavy lon Collisions)

F. Flouret™®, E. Arkeo®, E. (L Fermiro®, P-B. Gossiaux®, S. Poigné?

Apparatus :

For further review, the SPSC would require a letter of intent with information
Tracking about the experimental implementation and the collaboration pursuing it.

* Needs low detector occupancy = silicon technology

* Welcomes group with expertise !

Calorimetry

* Need ultragranular calorimetry a la CALICE

* Expertise at LLR - Ecole polytechnique (France)
Trigger

* |nstrumented (magnetized) Fe Absorber

* Welcomes group with expertise !

Andry Rakotozafindrabe (CEA Saclay) 22


http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
https://cds.cern.ch/record/1517028/files/SPSC-108.pdf
https://cds.cern.ch/record/1517028/files/SPSC-108.pdf

Status and outlook

Eol submitted to the SPS Committe (Oct. 2012)
CERN-SPSC-2012-03 1

FUROPEAN ORGANISATION FOR NUCLEAR RESFARCH

MINUTES of the 108th Meeting of the SPSC (Jan. 2013)
CERN-SPSC-2013-008

Expression of Interest

for an experiment to study charm production with proton and

The SPSC has received an expression of interest to study charm production with
proton and heavy ion beams. The SPSC recognizes the strong physics motivation of
a study that addresses central open questions about the color screening of
charmonium in heavy ion collisions and about cold nuclear matter effects. For a

comprehensive investigation, an extension including open charm production would
be desirable.

heavy ion beams

(CHIC: Charm in Heavy lon Collisions)

APParatus . For further review, the SPSC would require a letter of intent with information
Tracking about the experimental implementation and the collaboration pursuing it.

* Needs low detector occupancy = silicon technology

* Welcomes group with expertise ! V any opt r‘runi‘l’ies 10 Oi

Calorimetry

* Need ultragranular calorimetry a la CALICE

* Expertise at LLR - Ecole polytechnique (France)
Trigger

* |nstrumented (magnetized) Fe Absorber

* Welcomes group with expertise !
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Status and outlook

Eol submitted to the SPS Committe (Oct. 2012)
CERN-SPSC-2012-03 1

FUROPEAN ORGANISATION FOR NUCLEAR RESFARCH

MINUTES of the 108th Meeting of the SPSC (Jan. 2013)
CERN-SPSC-2013-008

Expression of Interest

for an experiment to study charm production with proton and

The SPSC has received an expression of interest to study charm production with
proton and heavy ion beams. The SPSC recognizes the strong physics motivation of
a study that addresses central open questions about the color screening of
charmonium in heavy ion collisions and about cold nuclear matter effects. For a

comprehensive investigation, an extension including open charm production would
be desirable.

heavy ion beams

(CHIC: Charm in Heavy lon Collisions)

APParatUS . For further review, the SPSC would require a letter of intent with information
Tracking about the experimental implementation and the collaboration pursuing it.

* Needs low detector occupancy = silicon technology

* Welcomes group with expertise ! V any opportunities to jOi 7

Calorimetry

e Need ultragranular calorimetry a la CALICE Expected timeline

e Expertise at LLR - Ecole polytechnique (France) [Nttt ibsehies

Tri full simulation and final design (2 years)
rigser . construction and installation (2 years)

* |nstrumented (magnetized) Fe Absorber

* Welcomes group with expertise !

commisionning (| year)

[ F. Fleuret, GDR PH-QCD 2013 ]
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MOI"e details » on the website :
after.in2p3.fr 0

AFTER

» in Phys. Rept.:

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys.
Rep. 522 (2013) 239 ]

1. Introduction.
2. Key numbers and features.
3. Nucleon partonic structure ..
3.1. Drell-Yan.....
3.2.  Gluons in the proton at large x
3.2.1. Quarkonia
322, Jets.... .
3.2.3. Direct/isolated photons........... . Physics Reports 522 (2013) 239-255
Gluons in the deuteron and in the neutron... .
Charm and bottom in the proton
3.4.1. Open-charm productior .
342. ]/ + D meson productio : % o Contents lists available at SciVerse ScienceDirect
3.4.3. Heavy-quark plus photon producti . .
SPIN PRYSICS cuiiiie et sreessessas s e s s srass s sesn s srsnns . o
4.1, Transverse SSA and DY .....c.cceeemuensrenminsirnnnns . * )3 .
4.2. Quarkonium and heavy-quark transverse SSA . N A N h
4.3, Transverse SSA and photon........ceicennin . P ySlCS Reports
4.4. Spinasymmetries with a final state polarization
NUClear MALLET i criccssraecsssrasssssraessssnens .
sy ke Drell-yan In A and Pop : journal homepage: www.elsevier.com/locate/physrep
5.2.1. Isolated photons and photon-jet correlations.
5.2.2. Precision quarkonium and heavy-flavour studie:
5.3. Color filtering, energy loss, Sudakov suppression and hadron break-up in the nucleus
Deconfinement in heavy-ion collisions
6.1. Quarkonium studie .
6.2. Jet quenching......... . . L . .
63 Direc Bhoton e 4 Physics opportunities of a fixed-target experiment using LHC beams
6.4. Deconfinement and the target rest frame. .
6.5. Nuclear-matter baseline.........cceueeruns . b
W and Z boson production in pp, pd and pA collisions . d 1 je C C,*
7.1, First measurements in pA..... . S'J' BrOdSky ' F' Fleuret ’ C‘ Hadjldakls ’ J'P' LanSberg

7.2. W/Z production in pp and p . . ; . .
Exclusive, semi-exclusive and backward reaction: . * SLAC National Accelerator Laboratory, Stanford University, Menlo Park, CA 54025, USA

Ultra-peripheral collisions ... . ? Laboratoire Leprince Ringuet, Ecole polytechnique, CNRS/IN2P3, 91128 Palaiseau, France
Hard diffractive reactions. . . 3 . A X
Heavy-hadron (diffractive) production at x; — . “ IPNO, Université Paris-Sud, CNRS/IN2P3, 91406 Orsay, France
Very backward physics..
.5.  Direct hadron productio

Further potentialities of a high-energy fixed-target set-up

9.1. D and B physics

9.2. Secondary beams

9.3.  Forward studies in relation with cosmic shower
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QCD near the high x frontier

Test the high x frontier of QCD
x=03-1|

* Nucleon partonic structure (PDF)

" gluon at high X, intrinsic charm/beauty
at high x, proton vs neutron PDF
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(7)) tustons tom motion (7). * Correlations between partons
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(spatial position, momentum, spin ...)
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QCD near the high x frontier

Test the high x frontier of QCD
x=03-1|

* Nucleon partonic structure (PDF)

" gluon at high X, intrinsic charm/beauty
at high x, proton vs neutron PDF

1

Non perturbative regime
B

.

x>1'x-)1

EMC effect

(7)) tustons tom motion (7). * Correlations between partons
log (Q?*) » o .
(spatial position, momentum, spin ...)
" nucleon 3D structure
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o
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-
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AFTER @ LHC

ixed Target ExpeRiment
* very energetic unpolarised p beam
* polarised or unpolarised nuclear target, where (:13T = T3)

e full backward access,up to (zr — —1) < (z7 — 1)

» the target rapidity region corresponds to high ol

* complementarity with JLAB (intermediate to large x) and
LHeC (very low x)
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Bottomonium studies: from RHIC to

———

—_— — — = — —

(]
® Themn - vv.ree |oday :

1.8,

16F » inclusive Y(IS + 2S + 3S) Raa vs centrality

1.4

1 2 Internal Energy Potential Mode!

y | » the most central point is compatible with a complete|

2508 + } melting of (3S) and a very strong suppression of (25),
06 + with Tinitial ~ 430 MeV in this model |
0.47STAR Preliminary

0.20 s . =200 Gev

% 50 100 150 200 250 300 350

From thermal photon pt spectra :
Taeg = 221 + 19 (stat) = 19 (syst) MeV

[ Bielcik for STAR, HP2013] (0-20% AuAu) - [ PHENIX, PRL. 104 (2010) 132301 ]

— < = = — —_——

|
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Bottomonium studies: from RHIC to

—_— =———on =S = —

———

@ T0emen _ evree |oda)l :

- p*p Stat. Uncertainty
— e » inclusive Y(IS + 2S + 3S) Raa vs centrality

Free Energy Potential Model

g rm— » the most central point is compatible with a complete]
?mé 08 + 4 melting of (3S) and a very strong suppression of (25),|
06 + with Tinitial ~ 430 MeV in this model

0.4"sTAR Preliminary

0.2 =
2 Vo =200 0oV From thermal photon pt spectra :

0 50 100 150 200 250 300 350
| Tae = 22| £ |19 (stat) £ |9 (syst) MeV
(0-20% AuAu) - [ PHENIX, PRL. 104 (2010) 132301 ]

N
— e —— — = - S

" [ Bielcik for STAR, HP2013]

|

decompose this mode| [Stickiand et al, NPA 879 (2012) 25-58]

. <L
into each state ™, Posontial Model B

sqri(s,,,,) = 200 GeV

need more stat'in AA
+ very good resolution

1 e Potential Model B
reminder O imeg s \ sqr(s ) = 200 GeV

STAR :~200 Y %;)() 400
CMS : ~1k Y 7 Npart
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Y(IS +2S + 35) @ RHIC sequential melting @ LHC

AuAu@200GeV (STAR run 2007, PHENIX run 2010)

Invariant Mass Yields in the Region[4,12 GeV)

ol [EEEE————— = Scrious candidate for a « textbook-like » plot
at the recent Hard Probes 2013 conference

* NN, -N 5 = ~— Exp+Gaus

= Fit Function

—DYobtbe - ~ Correlated BG

FINDE = 1.5 1 N~
F=1966 +/- 358 . pH 7 ENIX
[ preliminary

)

1200 i CMS PbPb \s,, =2.76 TeV
i Cent. 0-100%, lyl < 2.4
L. =150ub™

1 GeV/c?

int

pi >4 GeV/c

5
10 1 12 "

Iovariant Nass |GeV) L data

— total PbPb fit
- background

Events /(0

[ Reed for STAR, JPG 38 (2011) 124185] [ Whitaker for PHENIX, poster - i 5
at QM2012] : J§ i

pp shape
(R,, scaled)

pp@200GeV (run 2006)

TN
PH ENIX
PRELIMINARY
D i<0.35 \5=200 GeV

. correlated B

. Drell-Yan

STAR

p+p, \8=200 GeV
Iyml<0‘5

N, <« 2yN_N

Y + bb + DY, Fit
Inegral of Fit

- b-beDY

unlike - like sign counts

D0 Y (15425438)

[ CMS, PRL 109 (2012) 222301 ]

" From thermal photons prt spectra :

RN 0 T, ~ 304 £ 51 MeV (0-40% popy)

e*e invariant mass [GeV/c’]

m,, (GeV/ic?)

[ STAR, PRD 82 (2010) 012004] [ Leitch for PHENIX, QM2009]

[ Alice, NPA 904 (2013) 573c¢ ]
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity
( nb™! year")‘L z

Target f dtL

D T P S AL s Gt A £ e e A W R

10cm solid H 110
10 cm liquid H 83
10 cm liquid D 100

1 cm Be 25

yield / unitof y @ y =0

1 cm Cu 17
lcm W 13

“dAu RHIC (200 Gev) 150  5910° e B
dAURHIC (62GeV) 3.8 - PHENIX decadal plan
AuAu RHIC (200 GeV) 2.8 : (run plan 201 1-2015)
pPb LHC (8.8 TeV) 100 .
PbPb LHC (5.5 TeV) 0.5 |

m

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity

( nb™! year")‘L

Target f dtL

D T P S AL s Gt A £ e e A W R

10cm solid H 110
10 cm liquid H 83
10 cm liquid D 100

1 cm Be 25

1 cm Cu 17
lcm W ”Qm

l cm Pb

dAu RHIC (62 GeV)
AuAu RHIC (200 GeV)

A A

m

yield / unitof y @y =0

PbA :aty = 0 within
one unit of y

same stat. w.r.t.

RHIC @ 200 GeV and
LHC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)

pPbLHC 88Tev) 100 7. )

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity
( nb™! year")‘L z

Target fdtL
B s ———_——— S-S+, PDA :at y = 0 within
10 cmsolid H 110 : § oneunitof y

10 cm liquid H 83 : i
10 cm liquid D 100 : § same stat. w.rt.
1 cm Be 25 . RHIC @ 200 GeV and
1 cm Cu 17 . SRS
lcmW A3 s ! 102x RHIC @ 62 GeV
““dAu RHIC (200 Gev) 150  5910° S
dAu RHIC (62 GeV) 3.8 ' PHENIX decadal plan
AUAU RHIC 200GeV) 2.8 AL107 (Fun-plan-2011-2015)

A A

yield / unitof y @ y =0

- pPbLHC 88Tev) 100

m

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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Towards a Cold Effect reference : (p-A
gluon nPDF P

A dependence thanks to target versatility

<Ncoi> dependence => A dependence (a la NA50, NA60)

Andry Rakotozafindrabe (CEA Saclay) 29



Towards a Cold Effect reference : (p-A

gluon nPDF P

nuclear modification of g PDF in Au

A dependence thanks to target versatility
min

central (quark-like) = ¥
max

* nuclear PDF from intermediate to high x : | EPS09LO range
antishadowing , EMC region , Fermi motion |

® extraction using quarkonia, isolated
photons, photon-jet correlation

. PHENIX = 7.8% global err.
O  STAR prelim.

EPS09 LO
quark-like EMC
min. EMC

== max. EMC
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Towards a Cold Effect reference : (p-A
gluon nPDF P

A dependence thanks to target versatility

nuclear modification of g PDF in Au

min
central (quark-likg) s ]
max

nuclear PDF from intermediate to high x : | EPS09LO range
antishadowing , EMC region , Fermi motion

extraction using quarkonia, isolated
photons, photon-jet correlation

nuclear modification of g PDF in Pb

]
888K EPSO9NLO

. with the
LHeC inputs

complementary with LHeC
(focus at low x)
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Bottomonium : a cleaner QGP probe ?

¢ better applicability of pQCD

4 in QGP :at RHIC energies, negligible
regeneration effects

= no dilution of the « thermometer-
like » behaviour of the
bottomonium family

Andry Rakotozafindrabe (CEA Saclay) K10)



Bottomonium : a cleaner QGP probe ?

¢ better applicability of pQCD

pPb vs. pp: excited states 4 in QGP : at RHIC energies, negligible

suppressed more than the ground ‘ f
state in pPb compared to pp regeneration errects

L llB il = no dilution of the « thermometer-

CMS Preliminary pPb \/sy, = 5.02 TeV |||(e » beha\/lou r Of the

pi >4 GeV/c ® Mgl <193

Pbe\/%=2.76TeV bOttomOnium famil)’

] h]zMI <24

—— 95% upper limit

But :
non-trivial effects seen in pA

¥ need more studies and precise
measurements

= can be beautifully addressed by
YQS)/Y(IS)  Y(@3S)/Y(IS) AFTER @

[ Benhabib for CMS, HP2013 ]
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The uncharted negative xr region @

J/WD suppression in pA

HERAB 920 GeV
E866 800 GeV

e PHENIX @ RHIC : - NASO 450 GeV

NAG60 400 GeV

xr[ < 0.1 NA3 200 GeV
NA60 158 GeV

e HeraB down to xr=-0.3

(could be wider with Y,
but low stat.)

e CMS/ATLAS :|xq <5.103
o [HCb:5.103 <xr<4.102

0 +.2
Phenix @ RHIC

Precision studies of the
nuclear matter :

First systematic access to the target-rapidity region, down to xr — -1
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
P IC 00 GV, T3 To ™
dAu RHIC (200 GeV) : :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Ji:l)

Target

10 cm liquid H 2 : : comparable to LHCb
10 cm liquid D 2.4

I cm Be

I cm Cu

lcm W

1 cm Pb

AFTER |

pp low Py LHC (14 TeV)

:Lﬁcg”k

e o Co o e s S -’ e '-~, R T A N S S e R S S R T S B e ATy
pp RHIC (200 GeV) 1.2 10 ° : . RHIC lumi. from
dAu RHIC (200 GeV) : : i@l PHENIX decadal plan
_dAuRHIC(62Gev) 38107  1210"  1.810 ;F NOGEUN-ELIPIIREVIEY

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™") @ /s = |15 GeV Ji:l)

Target fdt.[ ng

\ v
Ty o |- Y S (s v S riic
10 cm liquid H 2 m, ,,,iﬁ,_!,,!, . comparable to LHCb
10 cm liquid D 2.4 9.6 10’
1 cm Be 0.62 1.1 108
1 cm Cu 0.42 5.3 108
lcm W 0.31 1.1 10°
1 cm Pb 0.16 6.7 108

0.05 3.6 10’
pp low Py LHC (14 TeV) 1.4 10°

:LHc _;

__pPb LHC (8.8 TeV)

- ,p*RHIC G o g T30 T " ; B s
dAu RHIC (200 GeV) : : i@l PHENIX decadal plan
_dAurHC@Gev) 3810 1210 1810 ) [CESSESIESIIE

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
ey sy
dAu RHIC 200 Gev)  1.5107* 2. 4 10° . :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

pp : 100 x RHIC,
comparable to LHCb

pA : 10%-103 x RHIC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
ey sy
dAu RHIC 200 Gev)  1.5107* 2. 4 10° . :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

pp : 100 x RHIC,
comparable to LHCb

pA : 10%-103 x RHIC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
ey sy
dAu RHIC 200 Gev)  1.5107* 2. 4 10° . :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

pp : 100 x RHIC,
comparable to LHCb

pA : 10%-103 x RHIC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)

Recycle 50% of the LHC beam loss — a luminosity comparable to the LHC itself !
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standard collimation

beam halo

secondaries

N

absorbers

From beam collimation ...
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Ty ...._|_"':_1_: 3 J""

standard collimation _4 o ¥ i
Bent crystal channeling
From beam collimation ...

i
i

e

primary

secondaries b
absorbers

| crystal-based collimation (ideally)
—

crystal

absorber
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O N el Rk T e
i gy

standard collimation

e

‘Bent crystal channeling
From beam collimation ...

—

primary

secondaries i
absorbers

gyl
i
———

— == ——————— =S

RD22 @ SPS (1990 - 95)  crystal-based collimation (ideally)
E853 @ Tevatron (1993 - 98) —

@ RHIC (2001 - 2005)

@ Tevatron (2005 - 201 1)

crystal
UA9 @ SPS (2008 - ... chanyninng‘

LUA9 @ LHC (approved by the LHCC in end absorber
2011)

L =
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standard collimation
—.

‘Bent crystal channeling
From beam collimation ...

primary

secondaries b
absorbers

T o

RD22 @ SPS (1990 - 95) crystal based collimation (|deally)

E853 @ Tevatron (1993 - 98)

@ RHIC (2001 - 2005)

@ Tevatron (2005 - 201 1)
crys aI
UA9 @ SPS (2008 - .. chanyn;.n
LUA9 @ LHC (approved by the LHCC in end

201 1)

absorber

—_—— e s p—— s - -
=

..to beam extraction ‘

CRYSBEAM
» AFTER @ LHC
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UA9 @ SPS

Direct view of channeled beam

~67m / Ap=90°
~ 45m / Ap=60°

pixel number

primary halo
.,

200 250
pixel number

Medipix in a
Roman pot

pixel number

Medipix pixel detector in a Roman pot:
Q Intensity, profile and angle of the deflected beam

O Efficiency of channeling (with multi-turn effect)
(needs information on circulating beam current) B,
pixel number

[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 |
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UA9 @ SPS

Direct view of channeled beam

N
o
o
2K
b
H

~67m / Ap=90°
~ 45m / Ap=60°

pixel number

N
o

primary halo

150 200 250

' !&’ , . - ERT pixel number
Multi-turn channeling efficiency Medipix in a S F
70+80% for protons Roman pot
50+70% for ions

pixel number

N
o
o

. amorphous -

Medipix pixel detector in a Roman pot:
Q Intfensity, profile and angle of the deflected beam

O Efficiency of channeling (with multi-turn effect)
(needs information on circulating beam current)

250
pixel number

[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 |
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UA9 @ SPS

Direct view of channeled beam

~67m / Ap=90°
~ 45m / Ap=60°

pixel number

primary halo

= = =
B oF b " “-L...""' LT
“-‘f “ A\ - R ] 200 250
; & 2 ﬁr - pixel number

Multi-turn channeling efficiency Medipix in a
70+80% for protons Roman pot

50+70% for ions

el number
N
(4
o

p

. amorphous

A complete crystal collimation prototype
is installed in the SPS

200 250
pixel number

[ W. Scandale, Joint LUA9-AFTER meeting, Nov. 2013 |
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LUA9 @ LHC

LHC PROJECT , UNDERGROUND WORKS
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A minimal prototype system has been designed for
LHC :

* integration studies on-going
e probable physical installation in 2014
e first tests with beam possibly in 2015/2016

SNBL Zo be installed
et here ( IK2)

—1 Existing Structures
s [ HC Project Structures
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Backward physics

Hadron center-of-mass system

Target rest frame

large angle
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A rough timel
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Gluon PDF

e £/UON PDF at high x :

gluon PDF with large uncertainties for proton

: |uncertainty need high luminosity to reach large x

‘f' exp. probes :

» heavy quarkonia (gg fusion at high energy)

for heavy quarkonia :

* many hopes in quarkonium studies to extract gluon PDF
* but ... production puzzles = quarkonium not used any more in global fits

To restore its status :
¥ need systematic studies
v check factorization, especially at high xr

v start with the use of C-even charmonia ( X¢2, 7)¢) and bottomonia ( X'52)
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Gluon PDF

e £/UON PDF at high x :

gluon PDF with large uncertainties for proton

: |uncertainty need high luminosity to reach large x
" exp. probes :

» heavy quarkonia (gg fusion at high energy)
» isolated photons (gq fusion)

» high pt jets (pt >20 GeV, accessible up to 40 GeV)

for heavy quarkonia :

* many hopes in quarkonium studies to extract gluon PDF
* but ... production puzzles = quarkonium not used any more in global fits

To restore its status :
¥ need systematic studies
v check factorization, especially at high xr

v start with the use of C-even charmonia ( X¢2, 7)¢) and bottomonia ( X'52)
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Gluon : proton vs neutron ? ®®

gluon PDF gluon PDF experimentally unknown for neutron
B 3y | cxp. probes
: » heavy quarkonia
» isolated photons
» high pr jets
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Gluon : proton vs neutron ? @g

gluon PDF experimentally unknown for neutron

exp. probes :

» heavy quarkonia

» isolated photons

» high pr jets

Pioneering measurement by E866 @ Fermilab :

» using Y

» at Q? ~ 100 GeV?similar gluon distribution in
proton and neutron

could be extended using |/ :

» to (~10x) lower x

» to lower Q2

Need high luminosity.

o
~

=
.|. .
O
S’
)
NOA
~
O 0.
.|.
=
o

o
o
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Gluon : proton vs neutron ? ®®

exp. probes :
» heavy quarkonia
» isolated photons
» high pr jets

o
~

=
.|. .
O
S’
)
NOA
~
O 0.
.|.
=
o

o
o

gluon PDF experimentally unknown for neutron

Pioneering measurement by E866 @ Fermilab :

» using Y

» at Q? ~ 100 GeV?similar gluon distribution in
proton and neutron

could be extended using |/ :

» to (~10x) lower x

» to lower Q2

Need high luminosity.

[ Lansberg et al.,, FBS 53 (2012) 11]

dNJ/w dNT
target By y n—
=Ty —=0 Yo —o
| m Liq. Ha 4.0 108 8.0 105
| m Lid. D2 9.6 108 1.9 10°
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Gluon : proton vs neutron ? @g

gluon PDF experimentally unknown for neutron

exp. probes :

» heavy quarkonia

» isolated photons

» high pr jets

Pioneering measurement by E866 @ Fermilab :

» using Y

» at Q? ~ 100 GeV?similar gluon distribution in
proton and neutron

could be extended using |/ :

» to (~10x) lower x

» to lower Q2

Need high luminosity.

1
1

2

A

1
0.9 :
0.8
0.7
0.6

o
+
o

S’
®)
N

~

P
e,
+

&
o} _

0

[ Lansberg et al.,, FBS 53 (2012) 11]

5 ANy dNy
High energy + deuteron target : i 2 =0 Wt
rare opportunity, feasible in AFTER 1| mLig.H: 4.0 108 8.0 105
| m Lid. D 9.6 108 .9 108
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Gluon momentum tomography — Boer-Mulders @

- Boer-Mulders function :
Correlation between gluon kt and

kT kT
unpol. N.
[ Boer, Pisano, PRD 86 (2012)
094007 |
e unknown distribution of linearly polarised 1/ * do/ dg>
luons in-unpolarised"N
g P st k1% = 0) %

e tool to determine if Higgs is a scalar or e

PseUdO'ScaIar boson [ Boer et al, PRL 108 (2012) 032002 |

(P2) =1GeV?

® can be accessed by modulations of the
transverse-momentum distribution of |*~ = 0**

quarkonia-(1c, Nb. X0, X50)

AFTER : Ilérge quarkonium yields + modern
calorimetry (o detection)

double-node structure (unknown magnitude) and sign
difference between scalar and pseudo-scalar
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Gluon momentum tomography - Sivers effect €gJ

1 Sivers function :

o /- © Correlation between gluon kr and nucleon spin

‘ kT kT

transv. pol. N.

A(J/y) in p+p Vs=200 GeV
- run 2012
—po-— PRD 86, 099904(E), 2012

PH ENIX
preliminarv"

<|XF|> =0.088
<p,>=1.64 GeVic

vertical scale uncertainty 3.4%

A non-zero'gluen Sivers function will proauce
a finite SSA for color-singlet |/ production.

[ YVuan, PRD 78 (2008) 014024 |

Non zero gluon Sivers effect ? SSA in
J/WD production

with AFTER, extension with more
exp. probes sensitive to gluons

» quarkonia (J/Q, Y, xc,...)

» B & D meson production
. [ Anselmino et al., PRD 70 (2004) 074025 |
» Y and Y-jet

E oy

[ Bachetta et al., PRL 99 (2007) 212002 |

[ Qiu, Schegel, Vogelsang, PRL 107 (2011) 062001 |
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Heavy quark PDF (p-p

B charm (and bottom) PDF at high x :
; discriminate all charm PDFs currently
in agreement with DIS data

-l

intrinsic charm

Ca -
-

harm

-.sea-like

B v *
S s F

-
»
SES '
+ WG
. N et .
' s . .
o s .
\ . .
* \
} \ 0
\ H
3 \ |
\ y S
| 1.5
Ly
-
-
-
-t
-
N
“
-
-
) TR - add

[ Pumplin et al., PRD 75 (2007)
054029]

[ Chang and Peng, PLB 704 (2011) 197 ]

[T. Stavreva, Physics at AFTER using LHC beams, ECT* Trento, Feb. 2013]

v4+ce+X |y, <0.35, |y, | <0.8 V'S =115 GeV v4+e+X |y, <0.35, |y, | <0.8 VS =115 GeV

Sea-like Sea-like
— BHPS BHPS
— Cteq 6.6 M ‘ p=2pr

p=1/2pp

dominant diagram : photon
couples to initial quarks

Cross secti
good sensit

: ~1Vcount
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Sequential melting in QGP

. melting of the éxcited states Dissociation

g that feed-down the (15) melting of the temperatures from
Z i " direct Y(IS) lattice QCD (+hydro)
-

L e

Z o

= .

7 Y(15)

Energy density (oc<T#)

[ Mocsy et al., Int.J.Mod.Phys. A28 (2013) 1340012 |
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Sequential melting in QGP

Dissociation

melting of the éxcited states

g F—— that feed-down the (15) melting of the temperatures from
E : i " direct Y(IS) lattice QCD (+hydro)
: e

S T

2 o~

= .

C; Y(1S)

_E[nelting of the éxcited sta?teg.
. that feed-down the (IS) melting of the

direct |/

J/@Survival Probability

0ES) x(P) (1)

Energy density (o<T%)

[ Satz, Int.J.Mod.Phys. A28 (2013) 1330043 ]

[ Mocsy et al., Int.J.Mod.Phys. A28 (2013) 1340012 |
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Sequential melting in QGP

. melting of the éxcited states Dissociation

g that feed-down the (15) melting of the temperatures from
Z i " direct Y(IS) lattice QCD (+hydro)
-

L e

Z o

= .

% Y(15)

_E[nelting of the éxcited sta?teg.
. that feed-down the (IS) melting of the

direct J/Y

J/@Survival Probability

0ES) x(P) (1)

Energy density (o<T%)

[ Satz, Int.J.Mod.Phys. A28 (2013) 1330043 ]
» Bottomonium family : richer, broader range
in T (compared to charmonium)

4 Less necessar)l tO measure X b( | P) state [ Mocsy et al., Int.J.Mod.Phys. A28 (2013) 1340012 ]
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Sequential melting @ LHC

CMS Preliminary 0-100%
PbPb\/s\\ =2.76 TeV

e Inclusive ¢(2S) (6.5 < p. < 30 GeV/c, lyl <1.6)

v Y(3S) (lyl <2.4), 95% upper limit

+ Y (2S) (lyl <2.4)
m promptJ/yp (6.5 < p, < 30 GeV/c, lyl <2.4)

* Y(1S) (lyl < 2.4)
Y(1S)

04 06 08
Binding energy [GeV]

[ Velkovska for CMS, HP2013 ]

Raa =
state Raa £ stat  syst
Y(IS) 0.56 £ 0.08 £ 0.07
Y(2S) 0.12 £ 0.04 + 0.02
MEN) <0.10 at 95% CL

[ CMS, PRL 109 (2012) 222301 |

* (3S) completely melted ?
* (2S) very suppressed
* direct (15) not affected

Andry Rakotozafindrabe (CEA Saclay)
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Sequential melting @ LHC

CMS Preliminary 0-100%
PbPb\/s\\ =2.76 TeV

Inclusive ¢(2S) (6.5 < p. < 30 GeV/c, lyl <1.6)
Y (3S) (lyl <2.4), 95% upper limit

Y (2S) (lyl <2.4)
prompt J/y (6.5 < p, < 30 GeV/c, lyl <2.4)

Y(1S) (lyl < 2.4)
Y(1S)

04 06 08
Binding energy [GeV]

[ Velkovska for CMS, HP2013 ]

Rag =
state Raa £ stat  syst
Y(IS) 0.56 £ 0.08 £ 0.07
Y(2S) 0.12 £ 0.04 + 0.02
MEN) <0.10 at 95% CL

[ CMS, PRL 109 (2012) 222301 |

* (3S) completely melted ?
* (2S) very suppressed
* direct (15) not affected

If the sequential suppression is due to
QGP effects only, what is the temperature
reached @ LHC?

» rough guess |.4T.(~230 MeV) <T<
4 T. (~600 MeV)

» lattice QCD + hydro evolution :
Tinitiat ~ 550 MeV > T

[ Strickland et al., NPA 879 (2012) 25-58 |

Measurement (thermal photons, dominant
at low pt) :Tayg ~ 304 £ 51 MeV (0-40% PbPb)

[ Alice, NPA 904 (2013) 573c |

Andry Rakotozafindrabe (CEA Saclay)
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ]

Main SPS achievements

Y
oy

Alignment (linear and angular) of the crystal is fast and well reproducible. . Protons

1.13,'1;1

BLM, count

Multi-turn channeling efficiency: 70-80% for protons, 50-70% for ions.

’..

I'\

i

Channeled beam observed with the Medipix. 05
5N

i

Loss rate reduction at crystal: 20x for protons, 7x for ions.

Off-momentum loss reduction: 6x for protons, 7x for ions.
=> This is what matters for the LHC, limited by dispersion losses!

Loss maps: consistent reduction of the losses around the full ring when
comparing crystal in channeling and crystal in amorphous.

Dependence of the off-momentum leakage on the clearance between
crystal and absorber.

Test multi-strip crystals in volume-reflection

BLM, count
-
(4.}

Gt £ 2~

QF1 QDI QF2 QD2

Crystal -
COL TAL

C4
. ,:\11

200
Angle (urad)
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[ S. Montesano, Joint LUA9-AFTER meeting, Nov. 2013 ]

Main SPS achievements

— |
ol

Alignment (linear and angular) of the crystal is fast and well reproducible.,

Multi-turn channeling efficiency: 70-80% for protons, 50-70% for ions.

Protons

BLM, count

L4
Channeled beam observed with the Medipix. griml“ \

Loss rate reduction at crystal: 20x for protons, 7x for ions.

Off-momentum loss reduction: 6x for protons, 7x for ions.
=> This is what matters for the LHC, limited by dispersion losses!

Loss maps: consistent reduction of the losses around the full ring when
comparing crystal in channeling and crystal in amorphous.

Dependence of the off-momentum leakage on the clearance between
crystal and absorber.

Q Test multi-strip crystals in volume-reflection

BLM, count
-
(4.}

A complete crystal collimation prototype
is installed in the SPS

Crystal ==
COL

C4
: ..\11

Ty

Angle (urad)
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One new possibility: [#m

LHC dump’ IR6 CH;‘\LLENi.fiES.
(IR7 and IR3 to be investigated)

Acceleration/RF Extraction

AHEAD

Collimation and
—  machine protection = ————

Nuclear Instruments and Methods in Physics Research B 234 (2005) 31-39
Strong crystalline fields — a possibility for
extraction from the LHC
E. Uggerheoj, U.l. Uggerhoj *

Department of Physics and Astronomy, University of Aarhus,

PG

Q4
Diluter ‘SEF-tum Kicker Diluter
MSD MKE TCDO

= |

B

" Diluter Kicker Dﬂ”‘”
TCDQ MKB TCDS

U.l. Uggerhoj (University of Aarhus) @ LBL (Berkeley) seminar (June 2012)




Simone Montesano - February 11th, 2013 - Physics at AFTER using the LHC beams

Crystal resistance to irradiation

(Biryukov et al, NIMB 234, 23-30): ,

. ’ ) = il HlRadMat )
70 GeV protons, 50 ms spills of , g Radiation to Materials. |

several minutes irradiation

NA48 - Biino et al, CERN-SL-96-30-EA

equivalent to 2 nominal LHC bunches for 500 turns every 10 s 30-
5 mm silicon crystal, = 25% %
= L[]
N 3 201 \ I
(Biino et al, CERN-SL-96-30-EA): 5§ g
e 15- i
450 GeV protons, 2.4 s spill of 5 x 10’2 protons every 14.4 s, one year g -
irradiation, in total, 8 10'_
- e e —— _ T 5- Reductioninitradiated zone:
equwalent to several year of operatlon for a prlmary colllmator in LHC o a
0 T T T T 1
10.0 12.0 14.0 16.0 18.0
10 x 50 x 0.9 mm3silicon crystal, 0.8 x 0.3 mm? area irradiated, Vert .
ertical position onthe crystal[mm]
(HiRadMat facility, November 2012) incident beam
440 GeV protons, up to 288 bunches , 1.1 x 10" protons per bunch
( in total)

energy deposition comparable to an asynchronous beam dump in LHC

deflected beam

3 mm long silicon crystal,
, more tests planned to assess possible crystal lattice damage

and residual dose 5 mm Biryukov etal, g
e NIMB 234, 23-30 ccT
-“-en\.o
S. Montesano (CERN - EN/STI) @ ECT* Trento workshop, Physics at AFTER using the LHC beams (Feb. 2013)




Luminosities using :

/ TeV proton beam
pp, pd, pA Vs = 115 GeV

Target p A L [ £

(1 cm thick) (gem™) (ub's™") (pb'yrh
solid H 0.088 | 26 260
liquid H 0.068 1 20 200
liquid D 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 42 420

W 19.1 31 310

185
Pb 11.35 207 16 160

Table 1: Instantaneous and yearly luminosities obtained
with an extracted beam of 5 x 10® p*/s with a momentum of
7 TeV for various 1cm thick targets

extracted beam Npeam = 5 .108 p*/s
9 months running / year <107 s

Instantaneous luminosity :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]

2.76 TeV lead beam
Pbp, Pbd,

Target p A L L
(1 cm thick) (g cm™) (mb~'s ') (mb!yr?
solid H 0.088 | 11 11
liquid H 0.068 | 8 8
liquid D 0.16 2 10 10
Be 1.85 9 25 25
Cu 8.96 64 17 17
A% 19.1 185 13 13
Pb 11.35 207 7

Table 2: Instantaneous and yearly luminosities obtained
with an extracted beam of 2 X 10° Pb/s with a momentum
per nucleon of 2.76 TeV for various 1cm thick targets

extracted beam Npeam = 2 .10° Pb/s
| month running / year & 106 s

L = Nbeam X Ntarget = Nbeam X ( p .e. NA) Wlth e = target th'CkneSS

Planned luminosity for PHENIX:

e @ 200 GeV runl4pp 12 pb7!, runl4dAu 0.15 pb™!
e @ 200 GeV runl5AuAu 2.8 pb~! (0.13 nb™' @ 62 GeV)

Nominal LHC luminosity PbPb 0.5 nb~!



