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ANALYS\S OF DATA RECIRNDEN IN 2008 - (§
e ——

NAEI /SHINE RECORNED ONIQUE DATA FOR,

- HEAVY ION PHYSICS ONSET OF DECONEINEMENT
ONSET OF FIREBALL CRITICAL PAINT

— NEUTRING PHYS\CS (1'21 AT J-PARC
FERMILABR EXPERIMENTS

~ COSNIC-RAY PHYSICS CEXTENSINE AR SHOWERS
AUGER t KASCADE

DATA ANALYSIS (UILL CONTIMUE FOR AT LEAST FIVE YEARS



UNIQUENESS OF HEAVY (1ON PHYS\CS AT THE CERN SPS
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TWO ONSETS AT SPS



PHYSICS GOALS OF NEW MEASURETENTS (2021 - 24)

— FUNDAMENTAL PHYSICS®
———_—_\

~ OPEN CHAR™M MEASOREMENTS (N PbHPb AT SPS
— REFERENCE MEASUREMENTS!

~ 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 ~9 TJIUNE 8 : SPSC RECOHHRFMENNED

DATA TAWVING N 202



OPEN CHARM MEASURMENTS IN PbtPb AT SPS: MOT\WATION

QA WHAT IS THE MECHANISM OF CHARM PRODUCTION &

Q2 HOW DOES THE ONSET OF DECANFINEMENT (MPACT
CHARM PROPUCTIQN 2

Q3. HOW DPOES THE FORMATION OF QGP IMPACLT J/4 PRONVCTION L

TO ANSUER ONE MNEEDS To KNOW:

MEAN NOMBER OF CHARM QUARK PAIRS PRODUCEP
IN THE FULL PHASE SPACE <ccD, IN PbiPb COLLISION'S

VP TO MW NO CORRESCANDPING EXPERIHENTAL DATAH
ONLY NACI/SHINE CAN PERFORM NEEDED MEASUREMENTS
IV THE NEAR FUTURE



NETECTOR UPGRADES (2018~ 2021 )

Replacement of the TPC

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

forD , D decay reconstruction

VTPC-1

New trigger and data
acquisition system

Upgrade of Projectile

New Time-of-Flight Spectator Detector

detectors (stace 2)

IN TOTAL:%BS0 K CHF ((STRGE 4, HARDWARE oNLY )

MODERATIE COSTS THANKS TO COLLANRORATION (I (TH
aALice (Tec ,vp), CRm (PSD)



RESULTS FRAM THE 2014 TEST (Pb+Pb AT ISOA GEV/c
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BASED ON TECHNOLOGIES NEVELOPED INDICATION OF D°+D0° PEAK
FoR ALICE AND COH



NATA STaTISTICS (2021-24 ) AND  ACCEPTANCE

—0

Reaction days events #(D° + D) #(D" + D7)
Pb+Pb at 150A GeV/c 84 500M 76k 46k
Pb+Pb at 40A GeV/c 42 250M 3.6k 2.1k
D°+D° AccePTanCE . PLtPb AT IS0A GEV/c
aII generated reconstructed "
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Yom [GeV/c]
CENTRAUTY 0-10% 10-20% 20-30% 30-60% 60-90% 0-90%
#(D° + D) 31k 20k 11k 13k 1.3k 76k |g~ pHSD
#(D™ + D7) 19k 12k 7k 8k 0.8k 46k
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EXPECTED PRYSICS IMPACT OF NACl/SHINE ccp MEASURERENTS

Q2: <cc) AND ONSET Q3: L), </

Qi. <cc) AND MODELS QF DECONFINEMENT AND QGP
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UNIQUENESS OF nNadl {sume PROGRAMNME

LANDSCARPE QF PRESENT ANnD FUTURE
HEAVY [ON EXPER\MENT S

LHC

RHIC |

rapid cross—over|SPS

mesonic matter

hadronic
matter

baryonic matter

quark—gluon plasma

INICA

J-PARC|

FAIR

critical point

first order transition

He

u

LHC and RHIC at high energies (1/Syn =

200 GeV):
measurements in limited phase space
due to collider geometry and kinematics

RHIC BES (3 — 39 GeV):
measurement not under consideration

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

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

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

ONLY NAGI/SHINE 1S ABLE TO MEASURE OPEN CHARM PRANVUCTION

IN HEAVY (ON COLLISIONS

N

THE NEAR FUTURE

IN FULL PHASE SfPACE AND



REFERENCE HMEASUREMENTS.
NUCLEAR FRAGHMENTATION CROSS SECTION FOR COSMic RAY EXPERIMENTS

@ Primary cosmic rays from supernova remnants

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

12c 4 n 8 B 4 X

. i _'BIC"@'_AMS, 2C +p T8 11 + p B +Y
. DO o 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 MEASUREHENTS

HADRON PRODPUCTIANS ROR MNEUTRI\NQ EXPER\MENTS
w

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-II 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 PECREQSE SYSTERNATIC UNCERTAINTIES
OF NEUTRING FLUX (FOR T2K-Il, HYPER-K FROM ¥I0% TO :3%)



NACL/SHINE 2020+ COLLAGORATION
e e o A ooy o S S SR s S

A. AduszkiewiczlS, E.V: Andmnﬂvzl, T Antiéiéz, B. Baatarlg, M. Baﬁzczykl?’.

S. BhﬂSElElU, A. Blﬂl‘ldE|23, M. Bﬂgumilﬂvl, A. Brandinzﬂ, A. Bravar23,

W. Bryliﬁski”, J. Brzychczyklz, S.A. Bunyatﬂvlg, O. Busyginala, A. Bzdakl?’,

H. Cherifﬁ, M. Cirknviézz, | | Czupnwiczn, A. Damyannua23, N. Davism,

M. Deveaux®, W. Dominik!®, P. Dorosz!3, J. Dumarchez3, R. Engel?, @ Present NA61/SHINE CO”aboratiOn:

GA. FEﬂf“;fl- - FiE'dﬁzirS Z. Fodor”-10, o Garibov”, e Gafdzickiﬁég- 138 physicists from 27 institutions and 12 countries
O. Golosov<Y, M. Golubeva™®, K. Grebieszkow*’', F. Guber*®, A. Haesler<”,

A.E. Hervé®, S.N. Igolkin®l, S. llieval, A. Ivashkinl®, S.R. Johnson??, K. Kadija?,

E Kaptur14, N. Kargin20, E. Kashirinzg, M. Kie’fbnwiczlo, V.A. Kireyeulg,

V. K|D{:hkﬂv6, V.1 Kniesniknvlg, D. Knlevl, A. Knrzenev23, V.N. KﬂUEﬂEI"Ikﬂzl, Q Addendum 10 CO-a uthOfed by
K. Kﬂwalikll. <4 Kuwalski14, M. Kuzielﬁ, A. Krasnﬂperﬂvlg, W. Kucewiczl3,

M. Kuich15, A. Kurepinls, D. Larsen12, A. La’szlc‘i?, i B Lazarevazl, The CERN Team:
M. Lewickil®, K. tojekl2, B. tysakowskil®, V.V. Lyubushkinl®, M. Mackowiak-
Pawlowskal?, Z. Majkal2, B. Maksiakl?, A.l. Malakhovl®, D. Mani¢22 N. Benekos (EP-NU), S. Bordoni (EP-NU), N. Charitonidis (EN-EA)!, R. Fernandez (BE-

OP), U. Kose (EP-NU), P. Martinengo (EP-DT), A. de Roeck (EP-NU), D. Sgalaberna

A. Marchinnni24, A. Marcinekw, AD. Marinn25, K. MartnnT, H.-.). Mathes4, _
(EP-NU), A. Weber (EP-NU), L. Whitehead (EP-NU)

j I Matu]ewicle, V. Matveevlg, G.L. Melkummflg, A.O. Merzlayalz,
B. Messerly?®, t. Mik!3, S. Morozov!®:20 S Mréwczynski®, Y. Nagai®>,

M. Nasqutlﬁ, V. Ozvenchuklo, V. Paulonezs, M. Pavin3’2, 0. Petukhnvls,

12 15 19,3 RN, |- 14 - T — : :
R. Ptaneta™<, P. Podlaski~~, B.A. Popov . M. Posiadata—, S. Putawski~ ™, Q TWO ||m|ted membershlp |nst|tutes W|” apply 'For fundlng

. 222 5 23 6 : 12 : .
J. PUZGUICB WL Raucl;l, M. Ravn:el . R. Renfordt i-', E. Richter—Wq{s) 6, .For. the 'Fl.ltl.lre NA61/SHINE neutrino and cosmic ray
D. Rohrich®, E. Rondio™", M. Roth™, B.T. Rumberger2 , A. Rustamov ",

M. Rybczynski®, A. Rybickil?, A. Sadovskyl®, K. Schmidtl?, I. Selyuzhenkov??, measurements:
A.Yu. Seryakov?l, P. Seyboth?, M. Stodkowskil”, A. Snoch®, P. Staszell2, » KEK, Japan
G. Stefanek®, J. Stepaniak!l, M. Strikhanov??, H. Strébele®, T. Suga?, B University of Manoa, Hawaii

A. Taranenkﬂzo, A. Tefelska”, D. Tefelski]‘?, V. TEFEShChEth]‘g, A. Tﬂiaﬁ,
R. Tsenwl, L. Turknlﬁ, R. UIrich4, M. Unger4, FE Valievzl, D. Veberi&4,
V.V. Vechernin21, A. Wickremasinghe:zﬁ, L. Wmdarczykg, A. antaszek-Szwarcg,
0. Wyszyﬁskilz, L. Z.E:nmbelli3='1 E.D. Zimmerman25, R. Zwaska??



REQUESTED REBAMS

e T e TN TG P S g TR

2021 6 WEEKS FOR DETECTOR ComMn\SSIaMING

S WEEKS OF PROTAON peaM AT 3\ GEV/c FOR RECOMMENNE )
PATA TAKING FOR NEUTRINO PHYS\CS Y SPsc

4 WERKS O0r Pb BEAM AT ISO0A GEV/c FoR
QPEN CHARM MEASUREMNMENT

2022-24% HADPRON, LIGHT 10N (SECONDARY) AND Pb BEAMS
IN ACCORDANCE TO THE [PROPOSED PHYSICS PROGRAM

PRC = ESPP — SPSC



SUMNARY

- NAGI/SHINE PLANS FUNDPDAMENTAL OPENS CHARM MEASURMENTS
(N Pb+Pb COQLLISIONS AT SPS AS WELL AS

NEW REFERENCE MEFASUREMENTS FOR. COSMIC RAY AND
NEUTRINQ BXPERIMENTS

- PDATA TAKING IN 202] 1S RECAMMENDED @Y Shsc ON JVUNE &
= DATA TAKI\NG IN 2022-2024 | & SPSC & ESPPa PBC

- WORK ON DETECTOR VPGRANES HAS STARTED 0w
CRITICAL (SSVUE: FINANCIAL RESQARCES (s.:a_HCHP) FOR HARDWARE

) NﬁCl“ Xe — THE MOST POPULAR
ION AT CERN IN 2017 [2018;

NMI/SHWE
GAMMA FACTORY
LHC




PDETECTOR UPGRANE SCHEDULEKCOST IN CHF

2018 2019 2020
Q2 Q3 Q4 Q1 Q2 Q3 | Q1 Q2 Q3 4
TPC 5k 10k 10k | 376k 180k 30k
VD .70k . .
PSD | | 24K......
BPD 50k (SCiFi?)
TDAQ | 10k 16.5k+ 34 5k 18k
..... 187.5k.. ...
DRS4 | 30k | ... 50K...... 21k .. 40k
Total: | 15k+30k 10k 10k | 487k+37k 274k+37k 101k 71k | 75k 18k
GREEN - ALREADY EXISTING REsSayRCES
BLACK — TO BE ACQUIRED

N TOTAL: $S4ik CHF (HARNWARE QNLY )

MODERATIE COSTS THANKS TO COLLANRORATION I(TH
ALice (TPc ,vD), CRM ( PSD), (hPl’) (mRPC))



