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Physics motivation

NA61 physics program beyond 2020

: , Cosmic ray Neutrino
Strong Interaction program
program program

. . Accelerator and atmospheric
_ . . . Fragmentation cross sections . ,
Open charm in heavy ion Multi-strange hyperons in ! . neutrino experiments
needed for interpretation of

collisions heavy ion collisions
AMS-02 data

expressed interest in thin-
target measurements




Cosmic ray program

1G$ (AMS) game-changing data ‘cannot be’
exploited because of GeV nuclear physics (XS € 200
uncertainties >> AMS-02 data uncertainties) ’

Cosmic Ray data modelling requires

Reaction cross-section (CR destruction)

Production cross sections (secondary species)
No data above 5 GeV/n
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Cross section uncertainties ~10-15% 40

AMS-02 uncertainties ~3% 20
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Tomassetti: arXiv1707.06917
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Cosmic ray program sﬂ’-’me

From Y. Genolini
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Nuclear cross section is dominant systematic uncertainty on transport parameters



Cosmic ray program

Ranking of individual XS (with short-lived nuclei)

[Seto
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Separate short-lived (ghost) nuclei
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— Exactly what we need!

N.B.: flight time between target/detector
determines which XS is measured
(direct or cumulative of some sort)

= ( one at a time, propagate, sort]
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Contributions (with ghosts) for B at 10 GeV/n

secondary 84.7%

primary = 0%

radioactive = 15.3%
Sorted XS Involved XS[mb]
o(*C+H —="B) 20.0% 30.0
o("C+H —"'CRo4m—1B] 17 904 26.8
o(**0+H —'"'B) 19.9% 273
o(*C+H —=""B) 8.3% 12.3
o(*O+H —'"B) 8.1% 11.0
o('B+H —'"B) 4.4% 38.9
o(*O+H —="C) 3.0% 323
o("*O+He—''B) 3.0% 36.6
o(*C+He—"B) 2.9% 38.6
o(*C+He—"'CR04—1El 3 604 34.6
o(*'N+H —''B) 2.6% 29.2
o(FCH+H ='°Cle3—1081 3 194 3.1
o("C+H —="B) 1.5% 22.2
o(**O+H — PO em—13¢] ] 4% 30.5

5(*O+He—""B) 1.2% 14.7

Energy 10 GeV/nuc
0,
; 2::”5 ?ggvﬁ To reach 3% precision
> sfeps 35% on B flux @10 GeV
IR «+2¢C 32.4%
HB <160 18.8%
0B 12 ¢ 10.4%
0B 16 9.0%
g B 12¢ 23%
>1% LR 24 Mg 1.8% o hop
1R 120160 1.7% R7% Need a 2% precision on
LB 15N 160 1.6% ~ 10 reactions
B 14N 1.5%
1B 28 5j 1.4%
1B <20 Ne 1.4%
R B 160 1.3%
10Be decay 3.4%
# of reactions Total
[0.1%, 1%] 28 8.8% and 10% precision
[0.01%,0.1%] | 90 3.5% 13% on the rest
< 0.01% 277 0.7%

Energy dependent cross
section measurement for all
Important reactions:

- parameterization

Maurin — NAG61 beyon'd 2020 workshop

- compilation of data



/I

Strong Interaction program s/7INE

Open charm and multi-strange hadron production

Why open charm:

« No measurements for

A+A at SPS energies
Important for onset of

deconfinament

a(s) [nb]

= L[|
s [GeV]



Strong interaction program SijIme

Extensive data on <J/W> production 40
at SPS SR § 5555 i Bl
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Strong interaction program SHU'NE

How to properly calibrate J/W production g
(Satz — NA61 beyond 2020 workshop) charmonium production " <

ol

open charm 90 %
D

in pp collisions .
10 %

J /1 measured in pp collisions is approximately
60 % direct J/v(1S), 30 % x.(1P) & 10 % v’ (2S)feed-down

narrow resonances — decay outside interaction region

medium sees traversal of higher resonances

e crucial question:

are these features
(hidden/open, relative quarkonium fractions)
changed in nuclear collisions?



Strong interaction program SHU'NE

modifications in nuclear collisions:

e initial state effects
pdf modification (shadowing, antishadowing)

energy loss of incident parton (gluon)

e final state effects
energy loss of primary cc
cold nuclear matter effect on (nascent) charmonium

secondary matter effect on (nascent) charmonium

(Satz — NA61 beyond 2020 workshop)
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Strong interaction program s/7INE

previous analysis procedure:

e measure production in pp and pA
determine pdf modification (shadowing, antishadowing)
determine parton energy loss

determine cold nuclear matter effect

e construct model for AA
scale pp by number of collisions

incorporate initial & cnm final state modifications

e compare to AA data: is there anomalous behavior?

i.e., something not accounted for by model — inconclusive
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Theoretical Scenarios

e sequential suppression

color screening dissociates
charmonium states in QGP
first higher excited

states (28), (1P),

then ground state (15)

e statistical enhancement

all primary charmonia dissociated
at high collision energy,
overabundance of charm quarks
equilibration, cc excess survives
hadronisation by statistical

combination

J/W Production Probability

J/W Production Probability

-

@5) (1P) (1s)

£(28) £(1P) £(1%)
Energy Density

secondary production
via statistical combination

theymal suppression
of primary produgsich

Energy Density

» Both scenarios claim that presence of
medium modifies the relative fraction
of c¢ going into charmonia

« neither says anything about how
many cc pairs are produced in AA
relative to scaled pp

Conclusions

Only measurements of hidden/open heavy flavor production,
measurements of excited/ground state quarkonium production
in pp, pA, AA
can provide model-independent answers

to model-independent questions.



Strong Interaction program

Alternative model — statistical

hadronization model

Successfully describes strange and
non-strange particle production

— 107

Multiplicity (data
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NAG61/SHINE - beams and targets it

Possible beams: NA61/SHINE
* Hadrons:

» Primary protons at 400 GeV/c

» Secondary (1, K, p) at 13-350 GeV/c
* |ons:

* Primary: Ar, Xe, Pb at 13A-150A GeV/c

 Secondary from Pb fragmentation (e.g. Be) at 134-150A GeV/c

Targets:
« Almost any solid state (from 500 pm to 1 m)
* Liquid hydrogen (20 cm)

H2 beamline is used for momentum
and charge selection as well as . o 7
nuclear fragments separation X/

P Pbions



NAGL1 spectrometer sl-;-’:na

Large acceptance hadron spectrometer — coverage of the full forward hemisphere,
down to pr= 0

A

MTPC-L
ToF-L
Vertex magnets

VTPC-2
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NAG61 particle identification sil-me

* Particle identification methods
* dE/dx— based on TPCs energy loss measurements
* ToF-d£/dx — based on combined TPCs and ToFs measurements
* h —used for identification based on Monte-Carlo models
* V0, =, Q,DY— based on decay topology
» Example phase space coverage of various identification methods:

1 from h- method K- from ToF-dE/dx Afrom VO
Be + Be ptp pt+tC
Be+Be —m + X
T 41504 Gevic N g 1 &
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Facility upgrades

Increase readout rate to 1kHz:

New TPC readout electronics (from ALICE)
New Data Acquisition System

Detectors upgrades:

« Large acceptance Vertex Detector based on
ALPIDE sensors

* New ToF walls based on mRPC technology
« New BPDs based on scintillating fibers

« Upgrade of the PSD to handle large beam
intensities

Interaction rate [Hz]

U

S+<INE
107 IO CBM
= ._.—.".
F2022-2025:  SIS-100 FAIR
% NICABM@N Il
10°
I A : i
E HADES 2600 ?861&3"”%; ;
i STARFT, Lo A
10° 3 =+ =y
STARBES I
102 T . C_NAGIISHINE .. .|
E ¢ P
IO S
energy region of max. I
1 L batyonic densiy | I
1 10

Collision energy VS [GeV]



Open charm simulations sﬂ[’me

200k of the 0-10% most central Pb+Pb collisions at 150AGeV/c
were generated using the AMPT (A MultiPhase Transport) model

The model properly describes production of

! Au+Au (central) 4’-”’*/"! charged pions and kaons.
0] —"
BT The AMPT model predlct§5 an average multiplicity
g 10 of about 0.01 for D°+D mesons produced in
= r central Pb+Pb collisions at 1504 GeV/c (significa
E‘ ol ntly lower than the predictions of PYTHIA and H
I SD)
107 ¢
10‘“5 TV NI /A ST A AMPT mean multiplicity for D° + Domesons was
10° 10° 10' 10° 10° 10° scaled to the HSD prediction.
Energy [A GeV]

L. Zi-Wei et al. Phys. Rev. C72 (2005) 064901
E. Linnyk, Bratkovskaya and W. Cassing Int. J. Mod. Phys. E17 (2008) 1367.
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SAVD simulations results sﬁme

The invariant mass of pion-kaon pair candidates after the cuts for the SAVD.

The total number of
measured D° + D decays
in 4 millions central
Pb+Pb collisions at
150A GeV/c (statistics aft

[Gev)

N, dV

Without PID g | Without PID

Ly dN

N, 1 : {  er 1 day of data taking
ok i} beyond 2020) is estimated
: _ to be about 1500
Perfect PID % | |\J\|J ' Realistic PID%
1.5 16 1.7 1.8 1.9 2 ME}; [G:V? 1.5I I1.§,‘ - I1‘?I I I1,sl = I1,9 - I2I I IhI:K:T [GI:V2]

Reply to the SPSC questions on Addendum to the NA61/SHINE Proposal SPSC-M-788
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SAVD simulations results sﬁ'"E

Population of D® mesons in transverse momentum p; and rapidity .

all generated within the within the SAVD acceptance
SAVD acceptance and after all cuts
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Results are plotted for the 0-20 % most central Pb+Pb collisions at 1504 GeV/c and correspond
to 4 million events.

yCM




NAG61 — Vertex detector

Built for open charm measurements
Based on Mimosa26 sensors
Small Acceptance VD:
4 stations, 16 sensors
5 um tracking resolution




NAG61 — Vertex detector

Vertex detector was commissioned in December 2016
Pb + Pb at 1504 GeV/c data taking with 1 mm target
« Vertex resolution: 30 um — possible to distinguish D° decays

#entries _

Vertex Detector
Vertex resolution

xR
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Primary vertex position along the beamline
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Vertex Detector beyond 2020 sl-}’me

In the VD beyond 2020 the stations are located at the same distances
as in the SAVD.

Approximately 6 layers with 400 ALPIDE sensors. Basically geometry of
SAVD with additional sensors and layers.



Vertex Detector beyond 2020 7{‘"5

all generated within the within the

4* 4; 4+

35" 3.5 as”

Results are plotted for the 0-20 % most S 2 3 i
central Pb+Pb collisions at 1504 GeV/c 3 2‘;’ 22 i
and correspond to 4 million events. — = 5 o 15 -
1 day of data taking beyond 2020 S t i
0.5+ 0.5~ 05

4B 05 0 05 1°15° 454 05 0 051 15 15 -1 05

+ = * generated . .
S e 1045 v ?ﬁgaccetptance 10 days of Pb+Pb data taking in 2021 (40M events):
O 10°E o . 0 +,_+++++ n +cuts
N 0 e, Beam 40A GeV/c | 75A GeV/c | 1504 GeV/c
L - § V‘I .-' . . E —v—{+‘l>++_._ 7'7"7':.-_.__._ m o m e n t u m
102; * » LIRS v e -
: + v* ‘“’- * 102;'_ ...*V '++ ]
o Wt iz || Dendidates (1000 7000 40000
105, \¢+| | |\|\I\\+|\\ 10?7.‘ ! 1 +f
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Y [GeV/c]



Summ ary sé’me

« NAG61 beyond 2020 will be well suited to precisely measure open
charm produced in Pb+Pb collisions at 40-150A GeV/c.

Statistics should be sufficient to obtain two dimensional spectra of D% and
their antiparticles.

« Fragmentation cross sections measurements needed for
interpretation of AMS-02 data can be performed only by NA61
beyond 2020.

« Measurements for neutrino experiments are under consideration.

 Proposal for the new program should be ready by the end of the
year.






Multi-strange hadrons beyond 2020

History
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NA49 experiment measured Q production in Pb+Pb
collisions (with centrality window 22%) based only on

candidates with decay length higher than 25 cm from
interaction point
and = production (with centrality window 7%) based only
on candidates with decay length higher than 35 cm from
interaction point

0.3
e (158 AGeV

A O+0740 AGeV (x05)

0.1

0.05

—
| = 0°158 AGev

o=t

dN/(m, dy dm,) (GeV )

o

o,

o,
T

b
T
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E A Q+Q'40AGeV (x02)F

T

B Q158 AGeV
= = = Exponential

—— Blast wave (A)

---------- Blast wave (B)

----- Blast wave (C) 3

PV B IS R
15 0 05 1

i y ) y
NA49 Collaboration: Phys.Rev.Lett. 94 (2005) 192301,

Phys.Lett. B538 (2002) 275-281
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Multi-strange hadrons beyond 2020

Impact of vertex detector for

= measurements
w
‘= 5000
=
3
* 4000 NA61 beyond 2020
additional 28%
of generated =
3000
2000
1000 NA49 arround 51%

of generated =

®° 100 200 300
decay length [cm]

400 500

U
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Precise vertex measurement should
automatically reduce combinatorial
background.

Acceptance similar to NA49.
Additional 28% of = visible.

Pb+Pb at 1584 GeV/c:

NA49 (400k events) 4800 900
VD improvement 7400 1400
(400k events)

Readout rate 740000 140000

(40M events)



Multi-strange hadrons beyond 2020 ki
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lmpaCt of vertex detector for Precise vertex measurement should
() measurements

NA61 beyond 2020
additional 40%
of generated

NA49 arround 47%
of generated Q

I -l A 1| | | L1
100 200 300 400 500
decay length [cm[

automatically reduce combinatorial
background.

Acceptance similar to NA49.
Additional 40% of Q visible.

Pb+Pb at 1584 GeV/c:

NA49 (2.5M events) ~350 ~100
VD improvement 650 185
(2.5M events)

Readout rate 10400 3000

(40M events)



The strategy for reconstructing U
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open charm I

In order to reduce the large combinatorial background, kinematical and
topological cuts are applied:

2w £ .

3 10° background g 10 (i) A cut on the track transverse momentum
10° (i) a cut on the track impact parameter d,
1?; T, (i) a cut on the longitudinal distance V,

1 ﬁf H MM between the D decay candidate and the
N1 D [T A : :
05 15 2 =25 3 35 2 03 04 05 06 o7 |Nteraction pOIITt,
P, [GeVic] d [mm]

(iv) a cut on the impact parameter d, of the

background before v, cut back-extrapolated D candidate momentum
background after v, cut vector

background

|, Signal We select tracks with p; > 0.31 GeV/c,

1T I | d > 31 um, and track pairs with V, > 400 ym,
0 2 4 sz[mm] ¢ 01 02 03 04 05 06 OJJPO[fnm] dP < 20 pm.

Addendum to the NA61/SHINE Proposal SPSC-P-330 CERN-SPSC-2015-038 / SPSC-P-330-ADD-8
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The strategy for reconstructing Jh
open charm

The cuts reduce the number of signal pairs by a factor of 2, while the
number of background pairs in the signal region is reduced by a
factor of 2x10°

T 0 ~——all kparsinsavo | The distributions were obtained
g, e p._CcuU . .
. WE —— prrd out assuming perfect particle
S R e e po+d+Vzocu : e
e T pp+d+Verd, cut identification.
102 :g } "--._-':'Tf‘h—"_‘g_..l___:-_-:‘_-‘-
= F T, .
10 ;g ST —
A -
=
107 7T
= L FLFL—-ALT.JL :v-'v;"---;_r.,l: o
10* [ mr_ﬂn'-ll""ﬁf‘mj J . £
E | | -‘Wﬂﬁk o
L A Addendum to the NA61/SHINE Proposal SPSC-P-330

CERN-SPSC-2015-038 / SPSC-P-330-ADD-8



