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LU FAR FACILITY

p beam with momentum from 1.5
GeV/c up to15 GeV/c on a proton
fixed target (or nuclear target),
average interaction rate 20 MHz, s
from 2.25 up to 5.46 GeV, d<100 p

* High intensity mode

 Stochastic cooling, p2 3.8 GeVic .

« 10" antiprotons stored

* Luminosity up to 2-10%2 cm2 s

« Aplp=2-10+*
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e- cooling, 1.5< p< 8.9 GeV/c

1019 antiprotons stored
Luminosity up to 2 -103! cm-2 s

A plp = 4-10°
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_Fa"da MAIN DETECTOR REQUIREMENTS

« Capability to detect events with high rate (up to 2 - 107 s interactions)
« Nearly 41 solid angle for large acceptance and PWA
*  p K3 pd eF, e vy identification

- Displaced vertex detection - vertex information for D, Kg X, A (ct = 317
um for D*)

* Photon detection from 10 MeV to 10 GeV

- Efficient event selection & good momentum resolution
- Self-triggered electronics

* Free streaming data

« 20 MHz interaction rate

- Complete real-time event reconstruction

V. MOCHALOV, PANIC 2014 28.08.2014



| panda PANDA ADVANTAGES

Possibility to produce directly all
quantum numbers (only JP¢=1- are
allowed in direct production at e*e
colliders).

In the formation mode, masses and
widths will be measured very
accurately. The accuracy of mass
and width measurements depends
only on the beam parameters, not
on the detector resolution. Detector
characteristics are important for
selection of a given final state and
background suppression

Typical resolution:
e+e- Crystal Ball: ~
pp Fermilab: 240 keV
pp PANDA: ~30-100 keV
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lightest
supermultiplet

first excited
supermultiplet

other states (cc)

L. Liu et al, arXiv:
1204.5425v1 [hep-ph]
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LU CHARM SPECTROSCOPY

from Ryan Mitchell
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All charmonium states below open charm
threshold are observed

All charmonium 1-states are observed
Above open charm threshold:

* many expected states are not
observed

* many unexpected ones are observed

States with high angular momentum
predicted in potential models (J>3) have
to be verified for theory’s confirmation(?).

Suppressed at B factories, they may be
observed at PANDA

V. MOCHALOV, PANIC 2014
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LU STUDY OF HIGH

The I, (n=2, P, m=3034-3056 [N Ty

GeV) State W|th JPCZO_"' |S one Of : : : ' unbinned hkell'looq fit
mass of X(3872) fixed

the yet UnObserved states background polynomial

mass of h,' floating
h. (n=1) was never observed in B g (input m=3945 MeV)
decays, as 0 *—0 ~*1*"is ' ety Do
forbidden

h, (n=1) was observed at CLEO
and BESIII in the isospin violating . > O
decay L v N N ¢ e RN : S T RN ¢

n+n- Recoil Mass / GeV

) B
D)

(input /=108.0 MeV)

0_,h 170
. Cross-section simulation 4.5 nb for h’, and 30
MC simulations were performed  p, for X(3872)

for the decay p(bar)p—
(T+m-)recoil+h’;

arXiV:1311.7397 [hep-ex]
V. MOCHALOV, PANIC 2014 28.08.2014 9



Fﬂﬂdﬂ RADIATIVE CASCADE FOR 3F4 (= 25+1LJ ) CC STATE

Disadvantage of using the h_’ is that _
Search for 3F4 State at PANDA

the width is as large as =87 MeV. i i
3-photon 4-constraint fit + mppg(J/Psi) I
C %<0:1
Ereeut EYCMS2150 MeV ’
On the other hand, the yet unobserved o e e
3F, state is more appropriate due to its (eg.Jjyse+e-y
. . and detector material) c=1.2 MeV
very narrow predicted width of 8.3 MeV —
: ﬂ -
. }
3F, state predicted, never seen * +' - **+**H+*ﬂﬁ**#
(Suppressed search in BES lIl, Belle 1) il

PANDA can do this search
Xsection 10 nb used

Recoil mass technique is used arXiV:1311.7597 [hep-ex]

28.08.2014 10



AL X (3872) PUZZLE

The case of X(3872): isospin violating, very
narrow, known quantum numbers (LHCb), it;s
nature is not clear.

Breaks isospin in the decays JI\|1J>(->7r+ ) -
isospin violation, Jlyo(->n* = nt’) — it is not
charmonium?

Within Am <1 MeV of the DD* threshold S-wave

molecular state?

Large cross-section - it is charmonium x,(2P)?-

(S.S. Gershtein, A.K. Likhoded, A.V. Luchinsky
Phys.Rev. D74 (2006) 016002) - For molecule
should be lower by factor 10*2)

Probably two narrow states (CDF)

X(3872) may be a mixture of usual charmonia
X.1(2P)-calculated and molecule DD*

(DD "+ D~ D) +x_c1(2P) it is desireable to find

mechanism to suppress x_c1(2P) production.

Charge partner? — not in the mass window neither

in width found yet

Need to measure the width and channels to
understand its nature

X(3872) Resonance Scan MC Data | [Fit with Constant Plus Convolutio
| of Breit-Wi i

of Breit-Wigner and Gaussian
| v2/ndf 30.91/15
Mmys72) 3.872 GeV + 5.263 keV
[ Mx(3872) 86.9 + 16.8 keV
[Background Level 24.51 +1.80
A(+/s) fixed @ 33.568 keV

M.Galuska, PoS

: Bormio 2013
(2013) 023

tot,

R | [ LT I R [
3.8716 3.8718 3.872 3.8722 3.8724 3.8726

Vs/ GeV

Goal: measure the width of X(3872) to
understand better its nature
In PANDA: mass resolution 20 times better

than B factories
[PDG upper limit: [<1.2 MeV @ 90% c.l.]

V. MOCHALOV, PANIC 2014
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LLLLE SCANNING OF D-STATES

Many new results and update recently from LHCb: width of Dg is still a
challenge

PANDA will scan resonance mass to determine precisely the width of Dg

Mass resolution ~ 100 keV

___D,(3084) 4
D;'(2806) 3 D, (3079) 3' 3 __D,,(3040)
D,(2806) 2 D, (3074) 3 D, "(2860)
—D,(2801) 2 D,(3074) 2'
D,'(2796) 1

D, (2479) 2'
—D,(2469) T
—Dp,2419) T

D,'(2380) 0°

__D,/(2710)
—D;(2618) T
—Dy(2558) 0

—D (3T

S
0
g
0
0
T
2

Mass (MeV)

__D(2112)
2000=—D"(2023) 1

—D(1864) 0

courtesy of A. Palano from CHARM 2013
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EFM  CHALLENGES IN Ds MESON
Ll SPECTROSCOPY

SZC%tates included in this simulation: — < —
o= :
Po(2317), D5(2460) and D4(2535) Entries 3455 e

Mean 2.442
RMS 0.1108 Mean 2317
I BMS 0.01624

¥ 1 ndf 28.97/28
Constant 370574
Mean 2.31775 + 0.00067
Sigma 0.01604 + 0.00018

E. Prencipe

26 28 ‘ . 25 2 235 24 245 25
Ds- missing mass [GeV/c?] DS- missing mass: DS(2317)+ [GeV/c?]

Goals:
1. Cross section measurement in p p (unknown, difficult predictions: 1-100 nb)
2. Measurement of the width with mass scan and the excitation function of cross section
3. Mixing between D states with same spin, e.g. Dg(2460) and D4(2535)
4. Chiral symmetry breaking, involving very precise mass measurement: Dg(2317) and Dg (2460)
can be interpreted as chiral partners of the same heavy-light system
— background is 1000 times higher than signal
Expected — 103-10° events/day

V. MOCHALOV, PANIC 2014 28.08.2014 13



« exotic 1™ state with mass ~4.3 GeV/c?
» expected to be narrow and having sizeable BF in open / hidden charm

* exclusive reconstruction at s=(5.47 GeV)?

PP —> Tjein]) = Xe1 T N pp — 1.m — DD

potential charm backgrounds, e.g.

pp — J/ib 37r07},_ Xclﬂ'O?TOT] pp — Dol_T*‘O?;1 D°D*0x0

V. MOCHALOV, PANIC 2014 28.08.2014




L GLuEBALLS

roMg Mg (MeV)
4.16(11)(4) 1710(50)(80

m(0+-)~ 4780-MeV

V. MOCHALOV, PANIC 2014 28.08.2014 15



Ll | (GHT SECTOR EXOTICS

K'.(1430)

__K; (1430)
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r=wm | |GHT QUARK SECTOR - ISOSPIN BREAKING
anda BEETYY

« Study of channel: JIy — ¢pPpy — (K+K-) (K+K-) ¥

* Large isospin breaking: n(1440) and f0(980) showed
incompability BESIII: PRL 108 (2012) 182001:
BR(N—> n"nn’)

_ —=0.9%
BR(W—>mnn

V. MOCHALOV, PANIC 2014 28.08.2014 17
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LUl £ CLUSIVE DOUBLE HYPERON STUDY

» Measurement of spin observables - spin density matrix (polarization)
and correlation parameters

« CP violation
- In decay width (Y—Bm) and conjugate decay ( Y — Bm)
* Much more with polarization:
 the asymmetry parameter a quantifies

the tendency of the decay baryon to be

preferably emitted in the hyperon spin direction
«  With hyperon decay to another decay

additional CP asymmetries can be achieved

V. MOCHALOV, PANIC 2014 28.08.2014 19



Folarisation

Simulations studies of polarization and spin correlations for = and the recently
derived polarization parameters of the Q show excellent prospects for PANDA

Results and Plots by Erik Thomé, Ph. D. Thesis, Uppsala University (2012).

Polarisation

parameter /""

V. MOCHALOV, PANIC 2014 28.08.2014

20



—

LU pLySICS BEYOND THE THEME OF THE TALK

1

I

G

& & Babar
i

¥ CLEO

Nucleon Structure S Fernice
 Timelike Nucleon Formfactors |

« Transverse momentum dependent PDF -
(Spin Studies in Drell-Yan Production)

Nuclear Physics

Hypernuclei:

FHGeV/cy]

* Production of double A-hypernuclei
(A.Sanches Talk 25/08) Sudol et al. EPJA 44 (2010) 373

-> y-spectroscopy of hypernuclei, YY M.C. Mora Esp’1, PhD thesis (2012)

interaction

Hadrons in Nuclear Medium
- J/g absorption

« Mass shift of charmed hadrons in
nuclear matter

Full physics program e-Print: arXiv:0903.3905 [hep-ex]
V. MOCHALOV, PANIC 2014 28.08.2014 21




anda EPIYIVINY,

« The PANDA experiment will have a great potential for discovery (Glueballs,
hybrids, XYZ ...)

« Thanks to LHCb and electron B-factories for exciting results, but still too much
left to investigate:

* Annihilation process will give us the possibility to study directly gluon
contribution and will give us unique possibility to investigate states with
high spins and exotic quantum numbers.

* The unprecendent precision of PANDA detector and FAIR antiproton beam
will allow to measure masses and width of the particle at the level of 30-
100 keV to understand the nature of charmonium (-like) particles and to
study interference in particle production.

- Many predicted states yet have to be observed and measured precisely at
PANDA.

V. MOCHALOV, PANIC 2014 28.08.2014 22



LLLE] pANDA TEAM

PANDA Collaboration, 520 members, 69 Institutes, 18 Countries (2014)

V. MOCHALOV, PANIC 2014 28.08.2014 23



BACKUP SLIDES
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{1 pANDA DETECTOR

@ 2013-2017: pre-assembling at COSY, Julich
@ Summer 2017: PANDA hall accessible at FAIR

V. MOCHALOV, PANIC 2014 28.08.2014




Pellet target il [*=5
operation at § h

. COsY Julich
e- cooler prototype |

|
: =" ~ur

=== ;’.

=D

Anti proton &=
beam =

Target system: TDR approved
Under construction

V. MOCHALOV, PANIC 2014 28.08.2014




JLLLE pANDA TRACKING

l.\!_ = Y &

SN

—Design ongoing
Squqr'e—_strip -

[ se totype
wvp s 3 : @" B

Tracking system




PID system




| I-]_a“da PANDA CALORIMETERS

Calorimeters:

all endcap crystals produced
TDR approved

29



Fa"da PDG 2012 STATES CONVENTIONAL STATES
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_F?"da Conventional states: masses and width of n,

® 17, pp, B decays
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_F?"da Conventional states: h, width

« exclusive reconstruction pp — he — Neyine — ¢ — 2(K K )

« good background suppression, e.g. pp — 2(K K )7, KT K ntn x°
» simulation for high resolution mode (sys. uncertainty O(10 keV))

= he >Ny 00 Y 5 day scan

i (28) — 70he; he —
[ =0.5MeV ] N — hadrons
] BESHI

E 10
= af
o af
r 400 F
200 F . .
o s + i T e el

4T "
) LI s R R n
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[ILE X 3572) scan

 determining lineshape in D° D°7%and
D°DP%vmay help to understand if
X(3872) is DD* bound state or virtual
state

* PANDA: scan with simultaneously
measurement of

J/p e, D°D°=°, D° D%+

E. Braaten, M. Lu,
Phys. Rev. D 77, 014029 (2008)
and references therein

see also C. Hanhart et al,
Phys. Rev. D 76, 034007 (2007)




[l x(3872) PUZZLE

The mass value of M = 3871.68 £ 0.17 MeV is .05+0.27 MeV lower than
the sum of masses of the DY and D™
PANDA will measure width at the level of 0.1 MeV with 20 keV accuracy.

[ w0136 MaV | [ = 0762 2 0,034 Mel/ 0.5 MaV |[pp = 0.485 = 0,059 Mal/ =1 MaV [ o = (LBES = (L0GRS e’
M o, = JBTE 2 0.02 MeV M o, = JBTE 2 0.02 MeV Mo, = JET2 £ 0.03 MeV

! &




[LLL CHARGE STUDY: Z(4430) AND OTHERS

Charge states Z(4430), Z(4020,4025)
- are observed (

), they can not be
charmonium (charged)

m{y(2S)7)? [GeV¥/c Y]

They must contain a cc-bar pair
due to its decay into yp’'m*.

m(y(2S)x)’ [GeV/c*)

Decay into J/yT* is not observed

The (28)m Dalitz plot for the {
reaction pp —» Z* + it with Z :

decaying into y(2S)1 (up picture)
The y(2S)1 invariant mass (blue).
Combinatorics background in red

V. MOCHALOV, PANIC 2014 June 2013 35



JLLL SEARCH FOR Z(4430) PARTNERS

* PANDA can investigate the Z*(4430) even further by switching
to studies of the Z*(4430) in formation mode.

 Due to the charge of the Z, this is only possible by annihilating
the antiprotons on a neutron in a deuterium target.
Experimentally it is no problem to replace the hydrogen gas, for
example in a pellet target, with deuterium. The reaction to look

for in would then be:
ﬁd — Z_ + pspectator
Withdecay Z~ - v (2S)n~ —» J/Yymn n~m~

36



LA OPEN CHARM IN PANDATp — D* D" . (2317)

« reconstruct one side D — o7

« identify recoil D},(2317) in missing mass

e charm background channels, e.g. pp — DjDS_fyr
« 10M generic background events

0

missing mass missing vs rec. mass

m,;. [GeV/ch
[+
B

24 2 205
m,;. [Gevrch] l'l'l(¢l Tl:) [GEV{Cz]

missing + rec. mass

A 47950052
1800Fm, 4286 0.000
21600 © 0.001 = 0.000
= T 0.001 = 0.000
<1400
£ 1M 4289:0.000
1200/ ¢ 0.001 = 0.000

1000
800
600
400
200

']_'_I.—.—.nﬂ-—n:"—_‘i il E—. _-_:““'H-....-
4.27 4.28 4.29

m,, +m,;  [GeV/c’]



D.(2317)" Threshold Scan

« simulation with S/N=3; 14 d data taking; =1 MeV

« signal extraction for 12 scan points +/-2 MeV around threshold (not
optimized!)

- 3 - \0-00" - '\v-
u-x%h\*t «x M’f’b ..-.F~
%00 300 N' 0 |

et

Nm




mp  2317.412+0.528
| 1.160 £+ 0.304
A 86.101 + 25.824

284 4285 4286 4287 4288
s [MeV]




LU THEORY PREDICTIONS OF Ds WIDTH

Different theoretical approaches, different interpretations T'(D_*(2317) * =D _x') (keV)

M. Nielsen, Phys. Lett. B 634, 35 (2006)

F. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003)

5. Godfrey, Phys. Lett. B 568, 254 (2003) Pure cs state
Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004)

W._A_ Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003)

J. Lu, X. L. Chen, W. Z. Deng and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) 32

W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) 39+ 5

5. Ishida, M. Ishida, T. Komada, T. Maada, M. Oda, K. Yamada and |. Yamauchi, AIP 15 - 70
Conf. Proc. 717, 716 (2004)

H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) 10 - 100 Tetraquark state
A. Faessler, T. Guische, V.E. Lyubovitskij, Y.L. Ma, Phys. Rev. D 76 (2007) 133 79.3+ 32.6 DK had. molecule

M.F.M. Lutz, M. Soyeaur, Nucl. Phys. A 813, 14 (2008) 140  Dynamically gen. resonance

L. Liu, K. Orginos, F K. Guo, C. Hanhart, Ulf-G. MeiZner
Phys. Rev. D 87, 014508 (2013) 133+ 22 DK had. molecule

M. Cleven, H. W. Giesshammer, F. K. Guo, C. Hanhart, UIf-G. MeiGner NEW! strong and radiative
hep-ph: arXiV 1405.2242 (2014) decays of D_(2317) and D_, (2460)

V. MOCHALOV, PANIC 2014 28.08.2014




_ﬁ_anda PAIR HYPERON PRODUCTION

1000

100

T
T
E "

m 00~ ™

15 16 1.7 18 19 20 2.1 : - 0 8
Momentum [GeV/c] Momentum [GeV/c]

Almost full symmetry for the particles an anti-particles gives unique
possibility to measure CP effects minimizing systematics

41



LLLLE BARYON SPECTROSCOPY (ERIK THOME PHD)

* The weak hyperon decay gives access to Hyperon Quks Mass ctfem] o  Decay BR

. . . . Mevic? %
polarisation and spin correlations. e Ch;j?d L
> Access to spin degrees of freedom in ssand c¢ rowm B U IR @ J
| . Poous 19 200 - A 10

quark-pa|r creation. Ej ds 1197 24 007 ax’ 100

Oy s BI5 87 D4 M09

> Many observables Toods 12 49 046 Av 100
@ w67 25 A0 AR 6

> 2 PWA of the data to extract relevant
quantum numbers (resonances) :
> 2 high discriminating power between o "l\ h
models (hadron or quark-gluon based) = A (e Xpr) |

we 2285 60x10° -98(19) A" |

—
.

> High x-sec for pp — AA: CP-violation tests

> Powerful reactions for Baryon Spectroscopy




LA POLARIZATION STUDY IN

bbb

By
_6f
.4
2f
of
2}
.af
6:

s
i

Expressions for extracting polarisation parameters derived
using the spin density formalism. 7 non-zero parameters:
3 parameters from the L2 — AK decay

4 parameters from combined Q2 — AKand A — prr
angular distributions.

The total €2 polarisation can be obtained by summing
the square of these 7 parameters.

V. MOCHALOV, PANIC 2014




RSPECTIVES FOR PANDA (2-HYPERON)

ﬁp —> ;'_U\
pp —> AA
1511] —> ;'_U\

pp — ;EEG

pp > EE ~2
ﬁp —> ﬁJr,Q_ ~0.002
pp—> AN ~0.1

Table prepared by Karin Schonning (BEACH 2014, Birmingham),

based on , . N
*Sophie Grape, Ph. D. Thesis, Uppsala University 2009

** Erik Thomé, Ph. D. Thesis, Uppsala University 2012

V. MOCHALOV, PANIC 2014 28.08.2014 44



LU OTHER PHYSICS

Nucleon Structure from electromagnetic processes

 The extension of form factor measurements to the so called time-like
region separating the magnetic and electric components can he
performed with an order of magnitude improvement

* clean identification of dileptons can be used to measure a whole series
of other electromagnetic processes like for example Drell-Yan in order to
get access to the transverse spin structure functions.

Study hyper-nuclei (including - double) and charm-nuclei, when the strange
(one or two) or charmed particle "implanted"” into the nuclei instead of the
usual nucleon

Hadrons in nuclear matter

45



background under control
» due to 9C / 11C kinematic fit (mass, energy and momentum constraints)

PP —> 1)e1n — Xcl’?TO?TO'T] PP — 1)1m — DOE*O-T]

x S

= = 290087y — D°D*0y’

(e1 — Xe1mom?)

]

7% efficiency

}”} 5% effic;iency
| _

™
S
V]
=
lap ]
e
0
[h}
=
=
=
i

Entries / 2.5 MeV/c?

501 )
+
1 s +
H' ty
it , i byttt H Moy b s s

b
H f|‘hwﬂdo""_..-+ ettty

L1542 425 43 435 i 4.4 4,45 . . ) ,' _4535 4.4

oM

* assume same cross sections for signal and charm background




EXPECTED MASS SHIFT IN NUCLEAR
MATTER
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