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Physics First ! F-\|R CBM| e = |1

We want to understand what we observe: (= predictions!)
QCD is our description of the strong interaction

. IHigg.fs\n’a%uum I | I t
Cha”enge IS to Connect Observed < 105;_..Elecimymak.sym .atry.hreafing. ._
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Physics First !

[ ——

CBM will explore the QCD phase diagram in the region of
high net baryon densities using high-energy A-A, p-A and p-p/n collisions

180

This includes: 160

study of the equation-of-state of nuclear:so
matter at neutron star core densities 120

Search for phase transitions search ~ z **°

. . — 80
for critical point ~ ol
Chiral symmetry restoration a0

Exotic forms of (strange) QCD matter |

Hadron-hadron interactions 0
Composition of hadrons
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=== FRG: Fu, Pawlowski, Rennecke (2019) |

DSE: Gao, Pawlowski (2020)
=== DSE: Gunkel, Fischer (2021) 1

FRG: moat regime (pions)

FRG: moat regime (sigma) ]

Lattice: WB

Lattice: HotQCD
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Physics First ! F-\|R CBM| e = |1

CBM will explore the QCD phase diagram in the region of
high net baryon densities using high-energy A-A, p-A and p-p/n collisions

180 . L
Highest precision measurements of: 160 | EREE |
* Dileptons 140} - !
« Collective flow 1of \;%‘ |
 Event-by-event fluctuations g o e e
= 80} ]
* Strangeness | _
+ Hypernuclei o[ |
e Charm 20 || 7 et eame o |

Lattice: HotQCD
00 260 460 600 800 1000
pp [MeV]
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High Interaction Rate :

N1 08 = I I N R R T =
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FAIR G s = 1t

10 million reactions / s in CBM
= rare (ppb) physics



FAIR is Rapidly Becoming Reality !
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Mission of the CBM-Department at GSI F-\lR CBM[ =P

All activities of department must be subordinated to this goal

2025
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The Role of GSI as Host-Lab F-\|R CBM| e =31

C C - Front-end Front-end Front-end Front-end
BM II b t H H t L b Board - Board Board - Board
Readout Readout Readout Readout J
Board - Board Board Board E
. X =5000 .
. . T |
GSI/CBM major contributor for | o ] o [ o
E E Entry/Build | | Entry/Build Entry/Build || Entry /Build
i g Node Node Node Node g
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Network v
E,_ gy Processing || Processing Processing || Processing =
w Sv Node Node o Node Node E
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| Storage | | Storage | | Storage | | Storage |
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My Path FAIR Eiin= =

1993 PhD Stony Brook FOPI & TAPS  Peripheral heavy ion collisions Bi+Pb

93-96 PD GSI FOPI K* spectra, K*, K® & A directed flow
97-04 Assist.JLU Giessen HADES&DISTO Simu, PLUTO, strangeness prod.
04- Prof RU-Bochum 29 PhDs (7 ongoing)

04-20 Dir. FZ-Jdlich Lead ~30 person dept.

Physics coord. COSY
Host lab WASA, TOF, KOALA
13-16 Spokesperson PANDA

21- Dept. head GSI / FFN TransFAIR (FZJ-IKP1&2 - FAIR)
HADES: STT, iTOF, pp-physics
CBM: NCAL,TRD, EC, p/n-beams

Experience: leading large technology driven departments at FZJ, FFN/GSI,
strong physics credentials; administrative/management experience
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FAIR G s = it

Hadron — Hadron Interactions
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Baryonic S = — 2 interaction studies

... scattering parameters from short-ranged production reactions

pp — KTKTAA
« Systematic extraction of low-energy i [—wocwiaa) |} comremiae
I —— NLO(500),CBM |: ;
scattering parameters of two-baryon | = respcan |

systems with strangeness S = — 2

= ='n threshold

pSRCBN ...................................... = %6M6V

| Ep threshold

« AA/EN: scattering lengths from
thresholds cups within NREFT*

« XT¥*: dispersive analysis of short ranged
production reactions

hd: A

2.07 2.28
M(AA) [GeV/c?]

“see e.g. scattering lengths in A, — ﬂ_pDO, [LHCb PLB 808 (2020) 135623] Gandharva Appagere (Stockholm Univ.)
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1.27 GeVjc?
%
%C

charm

Open charm interaction studies

« Measure A_p scattering lengths from Dalitz plot

(Femtoscopy without source size uncertainty)

* ND interaction (attractive??) from pD° spectrum,
Near-threshold (analogous to AA)

« Study A_D interaction

* Intrinsic charm in proton (inclusive D yield/spectrum)

T T —

o
S
=]

SIS100

2 274
Mﬁp (GeV<lc™)

After 6C fitter

Counts per 1 MeV

a [l p+p-> A +D+X

e e e e
1860 1880 1900 1920 2240 2260 2280 2300 2320 2340

My..- [MeV/c?] Mp IMeV/c?]

—a— UrQMD H !
— = Nucl.Phys. A728 | i}

3 4 5 6 7

Vs, [GeV]
Inclusive cross section ~ 1 -10 nb.

0.1 ub x 10°p/s = up to 2000 exclusive reco evts / day Pavish Subramani

=10A%A
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FAIR G s = 1t

Composition of Hadrons
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IS| = 2, 3 hyperon spectroscopy

3000

* Very little data exist for =*, Q*
* More complete spectra needed for
thermal & transport model calculations
* Learn about structure and nature, 1.e.
molecules, pentaquarks...
* Focus on excited E* and Q* states
- Sufficient c.m. energy for higher Y*
- Resolve line shapes with =2 MeV
(e.g. Flatte)
- PWA for Spin-Parity assignment
* Access to production mechanism via
N* = =* KK in exclusive pp reactions ?

3/2+||5/2+  7/2+| 9/2+ |11/24 13/2H| 1/2- 3/2- 2

1 » || Fis By | H

Hy | K50 Sy

19

Acceptance
Acceptance

0 % 30
Pream [GeVic]

pp — nK'K*K*Q)
= — AT (BR ~ 100%) QO — AK (BR = 68%)
A= pTt (BR = 64%) A — pTt (BR = 64%)

15
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—— reconstructed CBM Performance

—— fit : voigt pP—pKA (A e’e)
combinatorial background T =29 GeV

i
N
o

Hyperon structure

... e.m. & weak transition form factors

2/ ndf 148.6 /137
N 1596 + 44.2

Events/2MeV/c?
g 8

1.518 = 0.0000 GeV/c?
0.0040 + 0.0002 GeV/c?

D
o

» Expand extraction of transition form factors in SU(3) e
baryon domain =
2 20 [
 Measure decay rates towards low-g~ in h, = hle+e_ L o

L it b o D W e L L Y
9.3 135 14 145 15 155 16 165 1.7

reactions, e.g. pp —» pK*tA(1520)( — Aete™)

M(Ae*e) [GeV/c?]

* Excellent acceptances, resolutions with high production e e
rates allow precision measurements with CBM | TEme L

» Measurements of weak transition form factors in
h, — h,e U evaluated: vector and axial form factors!

0.15
o [GeV3/c?]

S. Roy (GSI)
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FAIR G s = 1t

Exotic Hadrons
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“Nature of light quark exotics

* ¢ (2170) described as: 10

N . 22.4F cBM FastSim :ﬂ?ﬂgg%&w 54'5 CBM FastSim
— traditional s s state g Pefomance | awm)ooMxio S 40 op s p6(2170)
- . . — generic(2G) x10 0]
— S S gluon hybrid 235
g .
- tetraquark B30

- A\ A bound state
- ¢ KK resonance

'?.4 1.6 1.8 20 22 24 26 28 3.0 3.2 '9.0 15 2.0 25 30 35 40 45
m(K'K ) [GeV/c?] m(om’) [GeV2/cY]

Mass is at least 200 MeV too high,
- search for K K and KK* decay modes

K. Goetzen(GSI)
F. Nerling(GSI,GUF)
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127 cavie pp — ppJly

Charming baryons

... hidden-charm pentaquarks and more

charm

CBM Performance

pp->ppdiy(e’e)
T=29 GeV

1

T
o
o
>
[0
S
ey
2
=

* Study of open and hidden-charm processes, e.qg.
pp — ppJly,pA DO, p£D), ..

« Wide physics opportunities: from interaction studies to
baryon spectroscopy (exotics)

« Case feasibility study: “LHCb” P_. production in pp 33

40 o A5
M(p,Jhp) [GeV?re]
Promising perspectives with CBM at SIS100 energies: G P - Te
good resolution and acceptances for exclusive studies TG @‘
I

(p JIv (e"€’)) mass resolution, 5C

T=29.0 GeV ‘ J
T=25.0 GeV I

T=20.0 GeV
T=15.0 GeV

" m(p.Jhy) [GeV/c?]

T e S e
%.1 4.15 42 4.25 4.3 435 44 445 45 455 46

R. Kliemt (RUB), S. Roy (GSI)
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FAIR G s = it

Probing matter: from baselines to medium
modifications
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p+p and N+pP Cross sections

* Transition from hadron to parton dominated reactions
fully occupied phase space - longitudinal phase space
* |sospin effects: deuteron beam for quasi-free neutron beam
* SIS100-> heavier strange baryons, production mechanisms
role of secondary interactions

10 pp — meson + X

>
=
Q2
=X
=

S
=
©

&

o
'_

Total Multiplicity

¥ K*(892)"
V K*(892)
K*(892)
on %KD DK 0o (a)¥ 6(1020)

et +n mK™ 4p® A

- #3(1385) A E

3 4 5 678910 20 3 4 5678910
Vs (GeV) Vs (GeV)
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p + A reactions

arXiv:2503.05253.

« Cold-matter, in-medium properties ..
* SRC - Short Range Correlations (recoil neutron...) | e pmayOY
role in subthreshold (multi-step) production 3
* In-medium properties of vector mesons 3
» Drell-Yan needed for VM spectral function in CoMa & U AN
PDFs poorly known at large x at this s whodl it O
« Dimuons ideal to study initial state quark energy —

—— Ro=

loss -> shadowing (different A) i\ B
* |In-medium strange-hadron properties
 [sospin sym. violation in kaon production /00
« EOS - cosmos

« Constraining open charm in nuclear matter J. Phys. G 45 (2018)

FAIR GmbH | GSI GmbH 21




Summary F-\'RLOJ::ME = II

CBM is a worldwide leading experiment that will soon provide crucial input to
our understanding of the universe

GSl as host lab has a special responsibility to make this reality
Project is well advanced but we must remain focused

Time is fleeting, so let's roll up our sleeves together !
PhD students who begin today will see first data at SIS100 !

Time remaining until beam on target at CBM

DAYS HOURS MINUTES SECONDS

999 20 24 19
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SM| e =9 [

FAIR

Thank you very much
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FAIR G s = 1t
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A comprehensive ©'C program with SIS100!

Composition of hadrons

Hadron Hadron
structure spectroscopy
5 Emergent Hadron
Mass-radius of Mass
L SU(3) baryon-like
Intrinsic charm of spectroscopy
the proton
N — N/A GPDs
E.m.+weak protons@SIS100 iRl
transition reactions
e B 2ol R - M« Strange and charm R
g of hyperons High intensity b
Polarisation Versaiile detecto measurements of
i sources Dilepton Bigherate capbiiies hyperon resonances
‘ production
{ sources
Near-threshold Charm-ngcleon
Reference (anti) strange and . Femtoscopy interactions Production
charm production Production Search for :
measurements mechanisms axial e icIE exotic form of mechanisms
for p+A, A+A and vector mesons At llation Final-state hadrons of hadrons
Nuclear modification interactions
eocioTa Few-body using PWA Hadron
interactions production

Heavy-ion
dynamics Microscopic study of hadron-hadron interaction
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International
Comparison
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Facility

Topic

AMBER

HADES ()

WASAQSFRS

<
s

Halls A/B/C

0 K1.8

J-PARC

J-PARC K1.8BR

J-PARC high-p/720

N*, A* spectroscopy

|S| = 1 spectroscopy

|S| = 2. 3 spectroscopy

C' # 0 spectroscopy

Meson-Meson interactions

Meson-Baryon interactions

Baryon-Baryon interactions

Dibaryons

Hypernuclei

Mesic atoms

Baryon Transition Form Factors

Semileptonic Baryonic transitions

Intrinsic Charm of Nucleon

Exotic hadrons with charm

Charmed hadron-Nucleon FSI

Light—quark exotics

Particle multiplicities in pp reactions

Resonance production with m beam

In-medium hadron properties

In-medium strange hadron properties

Short Range Correlations

Drell-Yan in 7/p + A reactions

Isospin effects in dense matter

Dark matter searches

26
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