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 Hadron spectroscopy with antiprotons;

 Low energy sector;

« Open-Charm and Charmonium spectroscopy;
» Exotic states;

* .M. reactions.
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PANDA Physics Program

« HADRON SPECTROSCOPY
— CHARMONIUM
— GLUONIC EXCITATIONS
— OPEN CHARM
— (MULTI)STRANGE
BARYONS
 NUCLEON STRUCTURE

— ELECTROMAGNETIC FORM
FACTORS

— TMDs
— GPDs, TDAs

« HYPERNUCLEAR PHYSICS

- HADRONS IN THE
NUCLEAR MEDIUM

Vs =2 <55 GeV
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Physics scope

One of the open problems in the Standard Model is a full understanding
of Quantum Chromodynamics (QCD).

QCD describe well phenomena at high energies (perturbative regime).

At low energies, QCD becomes a strongly coupled theory, many aspects
of which are not understood.

PANDA will study pp and pA annihilations, providing unique and decisive
measurements on a wide range of QCD aspects



pp Anihilation

pp annihilation is a Gluon-Rich environment

Direct resonant formation of states with
all non-exotic quantum numbers.

= excellent precision in mass and
width measurement

Access to both exotic

Production

: Formation
and non-exotic quantum Quantumnumbers mmmw
like pp

numbers via production "\‘ /L 0\ P

and formation reactions

< — \ . /L\. Recoil

Versatility of physics program
if coupled to universal detector

~ Uniqueness of p probe
no other p facility in this energy range in the world
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Facility for Antiproton and lon esearch F-\IR
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e Slow synchrotron (1.5-15 GeV/c) ,fdgbgféjl;gg;)f RF cavitigg, | Stochastic
e Luminosity up to L~ 2x1032 cm™s! _— - I"=""‘E""c"“"s

1031 for MSVO0-3
e Beam cooling (stochastic & electron)
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

before cooling —
after cooling —

ion intensity

A e e

0.97 1 1.03

rel. ion velocity v/v,
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

The production rate of a certain final state v
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

The production rate of a certain final state v is a convolution of the
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final state v is a convolution of the BW cross section
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final state v is a convolution of the BW cross section
and the beam energy distribution function f(E,AE):
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Antiproton power

p-beams can be cooled — Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final state v is a convolution of the BW cross section
and the beam energy distribution function f(E,AE):

v =L{e [ dEf (E.AE)0,, (E) + 0, |
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Antiproton power

Resonance
Cross
section

The production rate of a certain final state v is a convolution of the BW cross section
and the beam energy distribution function f(E,AE):

v =L{e [ dEf (E.AE)0,, (E) + 0, |

The resonance mass Mg, total width I's and product of branching ratios into the
initial and final state B;,B,,; can be extracted by measuring the formation rate for
that resonance as a function of the cm energy E.
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Antiproton power

Resonance
Cross
section

Typical mass resolution
= efe: ~ MeV

=  Fermilab: 240 KeV

= HESR: down to 50 KeV

The production rate of a certain final state v is a convolution of the BW cross section
and the beam energy distribution function f(E,AE):

v =L{e [ dEf (E.AE)0,, (E) + 0, |

The resonance mass Mg, total width I's and product of branching ratios into the
initial and final state B;,B,,; can be extracted by measuring the formation rate for
that resonance as a function of the cm energy E.
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Comparison with other techniques

« ete-
— direct formation limited to JP€ = 1--
— limited mass and width resolution for non vector states
— sub-MeV widths very difficult or impossible
— high L not accessible
 high-energy (several TeV) hadroproduction

— high combinatorial background makes discovery of new
states very difficult

— width measurements limited by detector resolution
B decays (both for ete~ and hadroproduction)
— limited JPC

— C cannot be determined since not conserved in weak
decay
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Antiproton power

* e*e” interactions:

* pp reactions:

Paola Gianotti — INFN LNF 8



Antiproton power

* e*e” interactions:

- Only 17 states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

* pp reactions:
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Antiproton power

* e*e” interactions:

- Only 17 states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

* pp reactions:

- all qq states directly formed
(very good mass resolution; p-beam can
be efficiently cooled Ap/p ~ 10~)



Antiproton power

e*e” > Y(29)
=2[Y%a 2

VYA
- yye'e”
* e*e” interactions:

- Only 17 states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

* pp reactions:

- all qq states directly formed
(very good mass resolution; p-beam can
be efficiently cooled Ap/p ~ 10~)
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Antiproton power

e*e” > Y(29)
=2[Y%a 2

VYA
- yye'e”
* e*e” interactions:

- Only 17 states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

* pp reactions:

- all qq states directly formed
(very good mass resolution; p-beam can
be efficiently cooled Ap/p ~ 10~)

B P %12

=2 I

- ye'e”

ot W

. Xci ++ ++ ]
RS-
il e 8
= o -
O ..I %

3500 3510 3520 MeV

E 835 ev./pb

L
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Antiproton power

e'e” > lP(ZS) p p%l X1,2

2[VXa,2 J/
WA ! w% vete~
- yye'e”

* e*e” interactions:

- Only 17 states are formed
- Other states only by secondary

E 835 ev./pb §

decays (sub-MeV widths very difficult or ++ o CBaIll
impossible) 100 = + © ES35
- high L not accessible ++
! > Xc1 ++ ]
* pp reactions: =
_ A I
- all qq states directly formed o + :‘
(very good mass resolution; p-beam can g ¢¢ ﬁ¢
2 o ~ -5
be efficiently cooled Ap/p ~ 107) o | |~ | “|

3500 3510 3520 MeV

Br(ete™ >v’) -Br(y’ - yn) =2.5 10>

Br(pp > M¢) =1.21073
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HESR in the MSV

* The intensity in the HESR in the MSVO0-3 is limited to 1010 p-bars due
to the cooling and injection efficiencies (RESR will not be present and

its work will be done in the HESR).

e This means for PANDA:

1. Lower intensity

2. Lower duty cycle
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The low energy range

In the last 20 years many steps forward in the field were possible
thanks to the variety of facilities available all over the world.

Main non-qq candidates
f0(980) 4q state, molecule
fo(1500) 0** glueball candidate
fo(1370) 0** glueball candidate
fo(1710) 0** glueball candidate
Nn(1410); n(1460) 0-* glueball candidate
f1(1420) hybrid, 4q state
m1(1400) hybrid candidate 1-*
m1(1600) hybrid candidate 1-+
7 (1800) hybrid candidate 0+
m2(1900) hybrid candidate 2-+
71(2000) hybrid candidate 1-*
a,’(2100) hybrid candidate 1**
$(2170) hybrid candidate 177, 4q state

Nowadays confirmation of predictions, together with unexpected results, are
still coming out mainly from e* e~ collider.
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Y<(2175)

The Y [X](2175) [or $(2170) on PDG] was first observed by BABAR in the process
eTe” — ¢(1020)f,(980) and identified as a 17~ state
M = (2.175+0.010+0.015) GeV, T = (58+16+20) MeV.

Then was confirmed by BES in the decay.J /W — n¢ fo(980)
with M = (2.186+0.010+0.006) GeV and T = (65+25+17) MeV.

We performed a preliminary study for this channel looking to the following
reaction: pp — YS(2175) + X with X being an®or *nt”

ot gbwowo
assuming different hypotheses for the signal cross-section and the decay

B.R.

This is an example of “meson production” for which we can investigate
different decay channels.



Light meson spectroscopy

Assuming cross sections of about 10 nb for glueball/hybrid candidates important

topics of the PANDA light hadron spectroscopy program can be addressed:

e with an integrated luminosity of about 2 pb! /channel;

* for new resonances, which do not require a Partial Wave Analysis, results can
be obtained with data samples of 0.1 pb.

Data samples of 2 pb! recorded in the low and high energy region, will allow to
start first spin-parity analyses for spectroscopy.

These corresponds to 5 days with a Luminosity of 1031 cm~ s that is foreseen for
the PANDA Day-1.

PANDA will collect high statistics on many channels in the low energy sector



Charmonium States

Study of charmonium states plays a crucial role in understanding QCD.

The system is non relativistic: vZ = 0.3

The mass scale is perturbative: m, = 1.5GeV

The structure of separated energy scales
makes charmonium an ideal probe of
(de)confinement.

Charmonium probe the perturbative,
non perturbative transition regime.

i
4
Hoon( )
(GeV)
2.—
I | 1+ T T T ™ \
[ ] "‘Ei/"z[}/ E confinement
3.0_—“0(18) __ ! lf 'rl lr l‘”’ v 2‘ e
P07 17T 1¥T ot gt 2tH i -y L
I L=0 O 1 1 1 1 | - DO* K K* »8,5 8303 h
2.8 |
4 as -2} asymptotic
V(r) = 3 r thr+Vis+ Vss + Vr freedom
I PRD 32 (1985) 189
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Charmonium states

The spin dependence of the cc potential give access to Vss component of
quark potential model.

The only well-measured hyperfine splitting was
that for the 1S states of charmonium.

AMp¢(1S)ez = M(J/¥) — M(c) = 116.6 £ 1.0 MeV

Recently n’-(21S,) has been identified by Belle
[PRL89(2002)102001] and the mass measured
also by CLEO and BaBar in two photon fusion.

AM#(28)ee = MY/ (2351)) - M(7L(21S)) = 49 £ 4 MeV

:JPC= [ I 1+- ott 1++ 2++:
[ L=0 o© 1 1 1 1]
28 To complete the picture the P states hyperfine
splitting was missing.
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hA1P,) charmonium state

The process /' >n°h, is the only way to produce h, from ¢’ decay =» Limited phase space

From the assumption of a small Vsinteraction it
was expected

8l
! AM,#(1P) = MCP)- M(*P)= 0

Theoretical predictions of branching ratios:
B(y(2S)>1° h ) = (0.4-1.3) X 10

B(h_yn,) = 41%(NRQCD)

B(h yn,) = 88% (PQCD)

(Y.P.Kuang, PRD65,094024 (2002))

B(h,yn) =38%

(S. Godfrey and J.Rosner,PRD66,014012(2002))

8

oglpbl

oN 0 @

7 /#5#
6 Lt

[ 3525 3530
5L E.n [ MeV ]
4

3.0

2.8l

Measured cross section [ pb ]

There were attempts to produce h_in pp annhilitation at Fermilab

(E760,E835) but the statistic was very poor. b2 3s04 3326 3528 3830
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hA1P,) charmonium state

e'e — Y'— Jfohc % (7’7’)(777c) The ' decay mode is isospin violating

1200 PRL101,152003 (2008) The CLEO experiment was able to find it with a significance of
1000 2 2 beraiterey” . . .
S AR %.. < | 130in ¢’ decay by means of an exclusive analysis.
600D ‘.”“.‘u,. .
> 00 ~, The width and the BF ¢’ >n°h, were not measured.
= 200 1
5 0 1 A similar analysis, with higher statistic, was also done by
& 200 ’{‘ BES. Here 16 final states of n. were studied
w150 f
%0 VA L 220 PRD 86,092009 (2p12)
b b N i 2180
0 i i Tﬁ.‘ Lttt = 160 F
sof' 14 ~ 140 E
" 3.5 3.51 3.52 3.53 3.54 3.55 <120 ;_
o . 2 100 h
n’ recoil mass in GeV_ S s0f
- 1850208-004 Z ok C
>C-'C 40 &
D s 20
-2 943 3.|50 3.52 3.54 3.56
.g 15 7° recoil mass (GeV/c?)
g 10 M(he) = 3525.3120.11+0.14 MeV/c?
W s L ! he) = 0.70£0.28+0.22 MeV
N - Pty o) °
348 349 35 351 352 353 354 355
n° recoil mass in GeV AM+(1P) = ( — M(*P)=-0.01+ 0.11(stat)
+ 0.15(sys)MeV /c?

Center of gravity of P-states
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1 T mand

h ( anda

C( P1 ) @ o [.'_, -

Thanks to the precise HESR momentum definition, widths of known states can be precisely

measured with an energy scan.
Energy scan of 10 values around the h. mass; each point represents a 5 day data
taking in high luminosity mode, for the channel:h, - .y = ¢¢y - 4KKy
witha S/B 8:1.
CrOSS SeCt|0n O-ﬁp_>hc_>rrlc_|_fy — 40nb Resonance cross

section/

S0

N events

40

'=0.5 MeV ] Measured rate

This holds for all known states in

the charmonium region
dp/p 2x10> — I 50 KeV

=
T T

3523 3524 3525 3526 3527 352

N events

)
. 2
N .
% 0
G g
. .
LA

r R,MC[MGV] r R,reco[MeV] Algz[MeV]

Sensitivity 1 0.92 0.24

0.75 0.72 0.18

ST 0.5 0.52 0.14
3.523 3.524 3.525 3.526 3.527 3.528 3.529

E, GeV
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X(3872)

Discovered in 2003 by Belle (+ CDF, DO, BaBar, LHC ...) in B*f>X K* X=>J/ym*nt is the big
brother of the new “charmonium like” states. The mass is currently known with < 1.0 MeV/c?
precision. For the width we have only an upper limit.

M(X(3872)) = 3871.95 + 0.48(stat) + 0.12(syst) MeV/c?

:\ """"" L B S ‘: "gas I - — . -
<> 940 | gsa 211 fb-! $ oo ﬁ es <o E?Z:("" o]
] What is the X(3872) ? |
2 20
. »Charmonium 5
+ . ) 13D, or 13Ds. 1 X(3872) has been
oﬂ — - ! o >DOD%* molecule. - observed in several decay
Cl T 1 [T T : N B = = . P
w2 380 M(:‘anjlw)(Me\i/S;? pow 08 385384386 3.8 39 3.93n :(4 > Ch armonium hyb dl d i‘ Cha N nE|S
(ccq). J/brme, D*DO, yi/W, wi/b
P e £ 800702 Hoara =Pl = Interpretations oscillate:
2500 , o H = 7TeV Deta
% Ifﬁﬁ S 600" § o - charmonium state;
?_)2000 1000 - - N E’woo G
= g I @ -  D*D°molecule;
21500 380 385 390 3895 S 400 H 0
- 5 3 a - tetra-quark state.
5" § I g'm 40
© 200
5007 j I ’ M ( GeV/c ) 20 Same sign background
e e Ik & "0'3' T T 2
3.65 3.70 3.75 3.80 3.85 3.90,3.95 4.00 Mu‘u'.‘t"r . o (GeVlc ) My 7t ) [MeV/e?)
Jhyn ' Mass (GeVic™) o

The mass of X(3872)is 0.42 MeV below D*°DO threshold. I is < 1.2 MeV/c?2 @ 90% C.L.
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X(3872) @(

pa

N

1

)

‘l
e

—r

Thanks to the precise HESR momentum definition, widths of known states can be precisely

measured with an energy scan.

Martin Galuska
(Giessen)

Input parameters:

X(3872) Resonance Scan MC Data

Fit with Constant Plus Convolution

m = 3.872 GeV/c?

r 1 MeV/c?
Pp—>X(3872) (ogw= 50 nb)
pp = J/U *rt (o= 1.2 nb)
Background from swttm-mttm-

reduction factor >10%achieved by
PID

Mass resolution™ 5 keV/c?
Width precision™ 10-20%

120

100

80

60

40

20

of Breit-Wigner and Gaussian

—+— MC Data
—— Global Fit
— — Signal fit
Background

v2/ndf 30.91/15
My (3872) 3.872 GeV + 5.263 keV

I'x(3872) 86.9 + 16.8 keV
. Background Level 24.51 +1.80
fit A(Vs)  fixed @ 33.568 keV

[PremrrrrrERRRER i s ag * ............................. 3 ?

- * '/ \

B ..--"/ \‘N-..

C oo e | e e e g
3.8716 3.8718 3.872 3.8722 3.8724 3.8726

Vs/ GeV

Production rate will be higher than any present or future experiment: 350 X(3872)/day
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OpenCharm states

The study of charmed hadrons give access to interesting aspects of strong and
weak interactions. Predicted cross sections vary from nano to micro barns

Interesting physics in 7 7

production
mechanismes. > < > <

-
N

'
o

Two solutions for the cross section o(pp)->y(3770)
are obtained by BESIII:
e (9.8411.8-3.9) nb, is compatible with a
simple scaling from J/{
 (425.6+42.9-43.7) nb, is two order of
magnitudes larger. 4

=)
.I//IIIII
.
- N

IIIIIIIIIIIIIIII

o,(e’e” — pp)(pb)
=
o,(e'e”— pp)(pb)

4
n

T

3.74 3.75 3.76 3.77 3.78 3.79 3.8 3.81
\s(GeV/ic?)

o>

e'e — pp

01]1lllllllllIllllllllllllllllllllll
3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9

arXiv:1403.6011 \s(GeV/cd)
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Exclusive: pp— D°D° — (K~ o) (K+tn~)  Alexandros Apostolou, 7M. (KVI-CART)

B — Y Efﬁaency 0.43

‘FSIM@BGeV/c (double tagb | Bekgrd reduction:  2x107
| Total B.E: 1.5x10°3

i| (equivalent to ~0.5 day exp. at L=10% cm™s™!

| with a signal cross section of 2.6 micro barns)

Counts/2.5 MeV/c?

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

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

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

O | | | | — | | | | I | I | I I | | | I | | | I I I |

1.75 1.8 1.85 1.9 1.95 2
M (GeV/c?)

o
' o

Only cuts on kinematics: 4C kin.fit, mass window on opposite Kp1 pair



Inclusive: pp — D°D° — (Kn)+ X Alexandros Apostolou, FM. (KVI-CART)

N I I I I I I | I I I | I I |
< 16000 FSIM@8GeV/c ksmgle tag) ------------------ e e
= - - i i R
0 - ]
S = i i | | - |
2 i ' i i i
E 4000 [ e O e
o N : : : .
o

12000 o S e

L """"""""""" A Efﬁclency 0.65

Bckgrd reduction:  1.6x10* |
Total B.E: 2x3.9x102

8000 .. 20 E— A—

(equivalent to ~0.5 day exp. at L=10**cm?s’!
with a signal cross section of 2.6 micro barns)

| | | | | | | | I | | | | | | | | | | | | | | | | | |

1.75 18 1.85 1.9 1.95 2
MIC . (GeV/c?)

mlssmg

Only cuts on kinematics: 1C kin.fit, mass window on tagged Kpi pair



D

For the c(u/d)states, theory and
experiment were in agreement,
but the discovery of new D, states
has brought into question
theoretical models.

The quantum numbers of D(2317)
and D,(2460) are not yet really
established, and in order to answer
important questions related to their
interpretation, we need to measure
their widths.

Paola Gianotti — INFN LNF
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3 e D(,(3040)
S L
8 - .Ds(2860) -
\(; 28— o -
- e D(2710)
2.6 -
................. DK
2.4 |- 1o
I e D(2317) ]
2.2 _ . -
= e—Ds | — Godfrey/Isqur (1985)
I [ Di Pierro/Eichten (2001)
2+ ® Observed —
= 0 1° 0* 1* 2" 3"

B. Aubertet al., PRD74,032007 (2006).
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- —J

P nd = opportunity D. meson

spectroscopy

D.*(2317) world average (PDG)
e Mass: 2317.8 +0.6 MeV/c?

Ds0*(2317) Energy Scan ’

co®
pp — DED*F(2317) ﬂo\vs“ssmg‘“*
> Dy - or, ¢ — KK
D*¥(2317) — DFr"

Marius Mertens (FZ])

Excitation function

42855

4286.0 42865 42870

o

o Width: < 3.8 Me\V/c?

Simulated
sum mass spectrum

Background Signal

As= 4287.4 ‘

04200 4205 4270 4275 4280 4285 4200
Mg,mme [MEV/C?]

4287.5 Vs MeV
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Multi-quark states

The first has been the Z*(4430) observed in the particle decay collaboration
invariant mass W'nt* by Belle, followed by other Z+(4430)  {(2S)m*  Belle, LHCb
states in the bottomomium energy range. 7¢(4050)  x, T Belle,
Recently, BESIII collaboration discovered an other Z+(4250) unconfirmed
charged charmonium-like axial meson Z*, -J/Wn* Z+(3900) I/ BESIII, Belle,
(M= 3899+6 MeV, I = 46+22 MeV), confirmed by CLEOc
Belle and CLEO. The simplest quantum numbers 2:(4020)  h(1P)m*  BESIII
JP = 1*, with positive G-parity. preliminary
More Recently LHCb has observed 2 five-quarks Z;(4025)  (D*D¥)* BESINI
state in the J/Wp invariant mass. Quantum RETEIETRY
numbers are still open. P(4450) J/dp LHCb
P-7(4380)
713)  PRL110, 252001 (2013) g § arXivi1507.03414
s |y (BESH Wl 4 I
S ees PHSP MC E 80 - - eHsP MG 5 'W* "
S 5 60F + ] sdeband t =00 H’: *Wm W
qC) .g 40 [~ T
i L% 20 + ﬂ - +
) ) 0 3.7 . .3.8. - ‘3.I9. - .4.0. e
My i) (GeV/c?) M ) (GOVID ° mJ,jp GeV)
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/* states @( panda

PANDA can study the Z* states in both production and formation experiments.

In the production experiment, the Z* would be produced, e.g., in the reaction

pp — Z5nT

The subsequent decay chain could then be: Z*(4430) - (2S)n* = J/Yn* n n* = ete” -t

The reconstruction efficiency for the Z*(4430) channel M

has been studied in Monte Carlo calculations and is ~ 24%.

20000

Entries /10 MeV/c

15000

FWHM: 50 MeV 1
Efficiency: 24% —

:Z 28;‘ 10000
> B r
In formation mode Z* states can be produced by S 6l sonal
using a deuterium target: 2 s
_ _ z [
pd — 4 Pspectator £ 2
20~
The reconstruction efficiency for this o
channel studied in Monte Carlo -
reactions is ~ 35%. b

L
41 4.2 4.

ol e
3 44 45 46 47 48 49 5
m(y (2S)r) [GeV/c?]

1k1lllllllllllllllllllllllllllA
14 16 18 20 22 24 26 28

m(y (2S)n)? [GeVZ/c*]



Proton Electromagnetic Form
Factors in the Timelike Region

Pp - ete” Pp o uti

c 3r
- A BaBar
55l " LEAR
B * FENICE+DM2
B * E835
2 | ® PANDA sim. |
N PANDA sim. Il

i

e .
osf T T =
B l \, pa"/'daI
O_—.|..'.:|..‘._|'..."|...|...|.
4 6 8 10 12 14

s [(GeV/c)
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Measurement of effective form
factor over wide g2 range (30 GeV?)

Individual measurement of
|G| and |G| and their ratio R

First measurement of form factors
with muons.

Measurement of form factors in
unphysical region

Longer range goal: measurement
of phase of |G| and |Gy]| via
polarisation observables.



Drell-Yan Processes

pp—pwX/eteX

Parton Distribution
Functions

Parton Distribution
Functions

PDFs are convoluted with
the fragmentation functions Handbag diagram: s>>M?

Paola Gianotti — INFN LNF 28



Conclusions

* Hadron spectroscopy is experiencing a hew renascence;

* New high quality measurements are coming from e*-e~ colliders and LHC
experiments reveling unexpected properties of hadrons;

e All over the world there is lack of antiproton beams that have been shown in

the past unique capabilities in the field,;

e Itis urgent to have an high-quality antiproton
beam to contribute to the field; P o 4
« The PANDA detector coped to the HESR will E o ook
be the perfect combination of tools to make D@, i .
a break-through! B S g
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PANDA Physics
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Charm exotics
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Open charm

Charm in nuclei
Multistrange-Baryons
Hyperon spin physics
Time-like form factors
TMDs

GPDs TDAs
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An Eol needed to accomplish a system or a part of a system without
response from the funding agency is classified as “Wished”.

“Communicated” describes the Eols that are made known to the FA
and are within the funding frame of the FAs.

“Acknowledged” are Eols to which the corresponding FA has
responded positively prior to an official approval.

M FAIR Budget

W Otherwise secured
M Eol Acknowledged
M Eol Communicated
M Eol Wished

M To be assigned

FAIR



TDR status

System Submission Expected M3 (Approval) Expected
Target Spectrometer EMC 08/08/2008
Solenoid 05/21/2009
Dipole 05/21/2009
Micro Vertex Detector (MVD) 02/26/2013
Straw Tube Tracker (STT) 01/29/2013
Cluster Jet Target 08/28/2013
Muon System 09/22/2014
Forward Shashlyk Calorimeter 17/6/2015 1/2016
Luminosity Detector 3/2016 9/2016
Forward TOF 3/2016 9/2016
Forward Tracking 3/2016 9/2016
Barrel DIRC 6/2016 12/2016
Hypernuclear Setup 6/2016 12/2016
Pellet Target 6/2016 12/2016
Planar GEM Trackers 9/2016 3/2017
Barrel Time of Flight (TOF) 9/2016 3/2017
Controls 6/2017 12/2017
DAQ 6/2017 12/2017
Endcap Disc DIRC 6/2017 12/2017
Computing 9/2017 3/2018
Silicon Lambda Disks tba tba
Forward RICH tba tba
tba: to be announced Status 3/11/2015

For the items “Interaction Region”, “Supports” and “Supplies” no TDRs are planned, only specification documents.
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Doubly strange systems @( pamnd =

- capture into atomic levels and
hyperatomic cascade

~+ M0 - © —

Capture into nucleus: Strong and
Coulomb forces

—
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K P+N—>E+E*: 0=2 ub;
!I' F_) @Povar =3GeV/c: o = max
3 @Psar = 3GeV/c: below & production threshold
r ==
g E+*+N — K+ K+p + ... [ - production tag]
e
t
S N Elastic scattering in nucleus:
— S strong slowing down (a challenge)

= N 2AA
conversion +
AA sticking

AA decay
(MWD,NMWD...)



Doubly strange systems

(S==%2) hyperon —antihyperon systems are fully accessible at PANDA

Exotic h tom:
Xotic hyperatom Double A Hypernucleus:

=" occupies an atomic level ‘ AA strong interaction
2 A sreplace 2 nucleonsinanucle , ., ,csible in double hypernuclei
* YY potential: attractive/repulsive?
* hyperfragments probability
dependence on YY potential
One Boson Exchange features

AN = AA: only non strange, | =0 meson
exchange (w,n...)
AN weak interaction: hyperon induced
decay:

* AN DAN: T, <<Tqee (eXpected)

* A\ 2 2p:ily, <<Tgee (expected)

Doubly Strange Hypernucleus:

=" -nucleus interaction =- occupies a nuclear level
* Atomic orbits overlap nucleus
* Strong interaction and Coulomb
force interplay
* Lowest atomic levels are shifted
and broadened
* Potential: Coulomb + optical

= -N interaction:
* short range interaction
* long range interaction




Status of the art:

AN Hypernuclei

Nucleus | Bx(an?Z) [MeV] | ABjA(4n”Z) [MeV] Reference Reaction
an'1%Be 17.7+ 0.4 4.3+0.4 M.Danysz et al., PRL.11(1963) 29 K+A>> K +E-
anbHe 10.9+0.5 4.6+0.5 D.J.Prowse, PRL.17(1966) 782 K+A>> K+ E-
ar'1Be 8.5+0.7 -4.9+0.7 ) KEK-E176 K-+p > K +E (q.f)
an"B 27.6+0.7°7%% 4.9+0.7 % f S.Aoki et al., PTP.85(1991) 1287 K+p > K*+ZE(qf)
2B 4.5+0.5 Z P.Khaustov et al., (12C)atomE- > 2By, + N

e PRC.61(2000)027601
AnlHe 7.25+0.19 " 1.01%0.2 KEK-E373,NAGARA H.Takahashi et K-+p > K* + = (q.f)
al., PRL.87(2001)212502-1
an'?B o (6<8%) = 6-10nb K.Yamamoto et al., PLB.478(2000) 401 K-+12C > K* +12B,,
Features:

— VAN T ABAA (Afz) = BAA (A/fZ) - ZBA (Axlz)

= Binding energy = parameters in potential models
= Core of the AA interaction (V) : needs of several A-hypernuclei

= AA interaction: only 1=0 non-strange mesons contributes (only w,n)

= Weak Decay presents some peculiarities




H-Dibarion

The measurement of the ,,°He binding energy has triggered new speculations on the
H-dibarion existence [PRL106 (2011)162001]. The original prediction of a 6-quark state
with a binding = 81 MeV has been ruled out.

_
N
o
o

% i Pb-Pb (5,1 = 2.76 TeV Nowadays, the only possibility is for a
L 3.8 milli 0-80% |
= 1o oy centra) baryon-baryon molecule.
2 = LICE [__] syst. error
S 800~ PRELIMINARY — injected signal (m =2.21 GeV/c?)
8 - syst. error (mH=2.2H1 GeV/c?) ” . c h d . h /1
sool — injected signal (m =2.23 GeV/c?) HI collision experiments searched in the
B syst.error (m,=2.23 GeV/<h p invariant mass system for a possible
o signal.
200:— H‘;’ [ .
- i I R S T T . S P T S §8000 eApr S
2 2.21 2.22 2.23 2.24 2.25 2.26 2.27 2.28 . . c ' — Xe ven g
9 229 23 £ Mixed Event Bk
Invariant mass Apr (GeV/c?) §6000” -- rotational Bkg
A deeper knowledge of S=-2 sector would help 4000/~ SR iy
to extend models that have been successful in i
. 20001
describing the S=0 and -1 sectors to account -'
for SU(3) symmetry. 0

- - J ddehd l dd, - b de b, l dd
222 223 224 225 226
Mass,  (GeVic?)



AN hypernuclei

We assumed a =+p > AA conversion probability of 5%.
The identication of the double hypernuclei relys on the unique assignment of the detected
y-transitions.
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To determine the binding energies we will perform y-rays spectroscopy detecting in

coincidence the pions coming out from the A decays.
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