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UNIQUENESS 0OF HEAVY |ON PHYS\CS AT THE CERN SPS @
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UMIQUYENESS  oF HEAVY 10N PHYS\CS AT THE CERN SPS°* @
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U P REQUESTED NEW MEASLRHMENTS SZOZI -2024)

-~ HEAVY \ON PHYSICS !
~ OPEN CHAR™M MEASOREMENTS N PbHPb AT SPS

— REFERENCE MEASVREMENTS!

~ NUCLEAR FRAGHMENTATION CROSS-SECTION FOR
COSTIC RAY EXPER\MEVTS

- RADRON PRODVCTION FOR NEOTRING EXPERITMENTS

RECENT DOCOMENTS®

— March 21, 2018, Addendum 10:
Study of Hadron-Nucleus and Nucleus-Nucleus Collisions at the CERN SPS:
FEarly Post-LS2 Measurements and Future Plans,
CERN-SPSC-2018-008, SPSC-P-330-ADD-10

«June 5, 2018, Addendum 11:

Reply to the SPSC questions on Addendum CERN-SPSC-2018-008,
CERN-SPSC-2018-019, SPSC-P-330-ADD-11



OPEN CHARM MEASURMENTS IN PbtPb AT SPS: MOT\WATION @

Q4: WHAT IS THE MECHANISM OF CHARM PRODUCTION &

A2 HOW DOES THE ONSET OF NDECANFINEMENT [MPACT
CHARM PRODUCTIQN %

Q3. HOW DPOES THE FORMATION OF QGP IMPACLT [ /4 PRONCTION L

TO ANSUJER ONE MNEEDS To KNOW:-

MEAN NOMBER OF CHARM QUARK FPAIRS PRODUCEPD
IN THE PULL PHASE SPacE <c2"',>r (N Pb4Pb COLLISION'S

UP TO NOW NO CORRESCANDPING EXPERIMENTAL DATA
ONLY NACI/SHINE CAN PERFORMN NEEDED MEASUREMENTS
IV THE NEAR FUTURE



NETECTOR UPGRADNES (2018- 2021 )

Replacement of the TPC

| read-out electronics
Construction of Vertex Detector (VD) to increase data rate to 1 kHz

for D', D' decay reconstruction

PP

New trigger and data
acquisition system

Upgrade of Projectile

New Time-of-Flight Spectator Detector

detectors (stace 2)

N TOTAL: ® AN CHF ((STAGE4L , HARDWARE oNLY )

MODERATIE COSTS THANKS TO0 COLLANRORATION I(TH
rLce (tee ,vo), cem (psp), (NICA(ToR))



RESULTS FRAM THE 2016 TEST (Pb+Pb AT ISOA GEV/c )
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DATA STATISTICS (2021-24) AND ACCEPTANCE

—0

aII generated

e all generated
v VD accepted
s reconstructed

Reaction days events #(D° + D) #(D' 4+ D7)
Pb+Pb at 150A GeV/c 34 500M 76k 46k
Pb+Pb at 40A GeV/c 42 250M 3.6k 2.1k
D°+D° AccePTancE . PLtPb AT IS0A GEV/c
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UNIQUENESS OF NAGL/SHINE  PROGRAMNE @

LANDSCAPE QF PRESENT AnD FUTURE LHC and RHIC at high energies (1/Syn =
HEAVY ION EXPER\MENT S 200 GeV):
measurements in limited phase space
i § T due to collider geometry and kinematics
RHIC| quark-gluon plasma RHIC BES (3 — 39 GeV):

measurement not under consideration

NICA (< 11 GeV):
under consideration during stage 2

rapid cross—over|SPS critical point

mesonic matter

INICA

J-PARC|

hadronic AR
matter

J-PARC (< 6 GeV) :
maybe possible after 2025

FAIR SIS-100 (< 5 GeV):
not possible at SIS-100,
planned at SIS-300 (< 7 GeV)

first order transition

baryonic matter

1 !

ONLY NAGI/SHINE 1S ABLE TO MEASURE OPEN CHARM PRANVUCTION
IN HEAVY (ON COLLISIONS IN FULL PHARSE SPACE ARND
IN THE NEAR EUTURE
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REQUESTED RERAMS @

2021 6 WEEKS FOR DETECTOR ComMnN\SSIaMING

S WEEKS OF PROTAN peaM AT 3l GEVU/Cc FOR RECOMMENNE )
PNATA TAKING FOR NEUTRINO PHYS\CS Y SPsc

4 WERKS O0r Pb BEAM AT ISO0A GEV/c FoR
OPEN (HARM MEASUREMENT

2022-24% HAPRON, LIGHT 10N (SECONDARY) AND Pb BEAMS
INN ACCORPDANCE TO THE [PROPOSED PHYSICS PROGRAM



B & @ sumnARY )

- NAGI/SHINE PLANS UNIQUE OPEN CHARM MEASURMENTS
(NN Pb+Pb COQLLISIONS AT SPS AS WELL AS

NEW REFERENCE MEASUREMENTS FORL COSMIC RAY AND
NEUTRINQ BXPERIMENTS

- DATA TAKING IN 202]) 1S RECAMMENDED QY Shsc

- DATA TAKING IN 2022-2024 | ¢ SPSC & ESPP ¢— |PBC
TOWN MEETINGS

- (WORK ON PDETECTOR. UPGRANES HAS STARTED NAC|/ SHINE




Lattice QCD
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REFERENCE MEASVREMENTS:
NUCLEAR FRAGHMENTATION CROSS SECTION FOR COSMc RAY EXPMPERIMENTS

@ Primary cosmic rays from supernova remnants

@ Secondary cosmic rays from interactions with
interstellar matter during propagation e.g.

. 2¢ 4-p ¥ B +X

. L 12 frag. 11 decay

. - "BIC@ AMS. C4p—=>YC+p =+ B+Y

. e Primary-to-secondary ratios (e.g. B/C)
— traversed mass density

@ Unstable-to-stable ratios (e.g. '"Be/’Be)
— traversed distance

@ Important for the understanding of origin of
Galactic cosmic rays and backgrounds for DM
searches

UNDERSTANNING 0F COSHIC RAY PROPAGATION LIMUTED RY UNCERTAINTIES
OfF FRAGHMENTATION CROSS SEcTIaNS

NAEI/SHINE WILL SIGNIRICARNTLY REDUVUCE THE UNCERTAINTIES .
(FrRaM % 20% To ~0.5% )



REFERENCE MEASUREMENTS :

HADRON PRODOUCTION FROR MNEUTRI\NO EXPER\MENTS

JUNGLE OF
PROTON h+A INTERACTIANS NEUTRIND
BeEAM AND NDECAYS REAM

Further improvement of the precision of
measurements for the currently used T2K
replica target,

Measurements for a new target material
(super-sialon) for T2K-1I and
Hyper-Kamiokande,

Study of the possibility of measurements with
beams <12 GeV/c for improved predictions of
atmospheric and accelerator v fluxes,

Ultimate hadron production measurements
with prototypes of Hyper-Kamiokande and
DUNE targets.

NACI/SHINE WILL PECREQRSE SYSTERATIC UNCERTAINTIES
OF NEUTRING FLUX (FOR T2K-ll, HYPER-K FROM ¥I0% TO %3%)



