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[ Key Technical Features ]

*Cooled beams

SIS 100/300

A

*Rapidly cycling superconducting magnets
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The future FAIR facility panda

[ Primary Beams }

«10%%/s; 1.5 GeV/u; 238U28+

*Factor 100-1000 present in intensity
*2(4)x1013/s 30 GeV protons

«1010/s 23873+ yp to 25 (- 35) GeV/u

[ Secondary Beams}

*Broad range of radioactive beams up to
1.5 - 2 GeV/u; up to factor 10 000 in
intensity over present

*Antiprotons 3 (0) - 30 GeV

[ Storage and Cooler Rings}
Radioactive beams
e — A collider

«101 stored and cooled 0.8 - 14.5
GeV antiprotons




HESR - High Energy Storage Ring panda

* Production rate 2x107/sec

(235Vs$55GeV |
® Pbeam = 1 = 15 GeV/C o
Helix dipole g] Stochastic
N — 5X1010 n magnet : Y kickers
stored p \‘\‘\‘P—\-%v—+—-uuo-— ( - =il --'HH-O.I~,.,./~/
\o" Electron cooler ~’s,
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: c = O noi n < =
High resolution mode 1 G O e S i
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[High luminosity mode]

e Lumin. =2 x 1032 cm~2 s-1
* op/p ~ 10~ (stochastic cooling)
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ﬁm = rrdl & The Collaboration

At present 520 physicists from 67 institutions in 17 countrles
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pp: Pellet or Cluster target
PA: wire target

| Forward Spectrometer
. ! Dipole magnet for forward tracks
(2T.m)

!
S

Target Spectrometer
Solenoid magnet for high pt tracks:
Superconducting coil & iron return yoke

(B=2T) -
Physics Performance Report for PANDA arXiv:0903.3905 [hep-eX]

PANDA Magnet TDR http://www-panda.gsi.de/archive/public/P_magn_TDR.pdf
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Requirements
— Proton Target
— 5x10% cm= for

maximum luminosity

Pellet Target

— Frozen droplets & 20um

Target system

Hy (Na, Ar )
input 11

liquid N,

heat i
exchanger [~

He gas=—-= :::: R

condenser |

nozzle
with piezo

triple point
chamber

1" sluice |

— also possible: D,, N,, Ne, ...

— Status: p ~5 x 10%°

Cluster Jet Target
— Dense gas jet
— also D,, N,, Ne, ...
— Status: p ~ 8 x 1014
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PANDA spectrometer: Tracking panda

MVD 8 STT A\
[ Silicon MicroVertex ] I Central Tracker ] [ GEM Detectors ] [ Drift Chambers ]

Physics Performance Report for PANDA arXiv:0903.3905

PANDA STT TDR arXiv:1205.5441v1 [physics.ins-det]
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Silicon Microvertex Detector

Micro Vertex Detector Requirements

e 4 barrels and 6 disks * ct(DY) ~312um
ct(D.Y) ~ 147 um
* Inner layers:

hybrid pixels (100x100 pm?)
— 140 module, 12M channels

« Quter layers:
silicon strip detectors

— double sided strips

— 400 modules, 200k channels
« Mixed forward disks
« Continuous readout

« \ertex resolution ~ 50 um

ADTIT

' f
7y

700
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Central Tracker

Drift )
Elecl.}'on drift GEM
Readout

 Design figures: \(ﬁ - J
- 6,,~150um, 5,~ Imm A N\ i
{ i + -
— Op/p ~ 1+2% (with MVD) | E;
— Material budget ~ 2% X, E:m—.
) ;"IGas-ﬂned Inn\

h .
\ / cylinder AT O G
; bEPPR

2 Alternatives: 1

|||||||

« Time Projection Chamber (phased out)

— Continuous sampling
GEMs readout plane
(lon feedback suppression)
Online tracklet finding

» Straw Tube Tracker (selected!)
— about 4000 straws
— 27 pm thin mylar tubes, 1 cm @

— Stability by 1 bar overpressure
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ﬁ ,IPANDA spectrometer: Particle IDentification (" pamd =

[ Muon Detectors ]

>
- ™
-

[Barrel D|RC] A [ Barrel TOF] [Endcap DlRC] [ Endcap TOF }

Plastic Scintillators .
Physics Performance Report for PANDA arXiv:0903.3905 [hep-eX]
15-20 Sep 2014 ISHEPP2014 10



DIRC

Wedge
* ,
~Mirror \\‘ /,:"//
— ] - L~
rBar & \\\\\/\q\’_// L
. / Track -
Synthetic — Trajectory  window "
Fused Silica
PANDA DIRC
« Lens focussing
- shorter radiator ———
«  no water tank —
« compact pixel readout 2.

(CP-PMTs or APDs)

15-20 Sep 2014 ISHEPP2014




Muon detector

Inside the solenoid

Barrel: 12 layers inside the yoke + 1 bi-layer
Outside the solenoid (“zero” bi-layer) in before iron

“Muon Filter”, 4 layers Endcap: 5 layers + “zero” bi-layer before iron

Barrel, inside solenoid
Muon Filter, outside solenoid 12 layers of MDT + “zero” bi-layer
4 X (GOm?/Fe + 30mm/MDT)

k \ Endcap, inside solenoid
5 layers of MDT

2485

.
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.
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] |

3 J I §
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1 = AL
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\ YN

beam Soagy \

Wl

P beam direction Proportional tubes : anode signal and induction signal on 1 cm strips ‘
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@i PANDA spectrometer: Particle IDentification ( panda

[Plawo4 EMC |

O
10 000 crystals "
Physics Performance Report for PANDA arXiv:0903.3905 [hep-eX]
PANDA EMC TDR arXiv:0810.1216v1 [physics.ins-det]
15-20 Sep 2014 ISHEPP2014 13
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PANDA PWOQO Calorimeters

PWO is dense and fast Forward Endcap

Increase light yield: * 4000 PWO crystals

.  High occupancy in center

— operation at -25°C
Challenges:

— temperature stable to 0.1°C
— control radiation damage
— low noise electronics
Delivery of crystals started

Barrel Calorimeter

« 11000 PWO Crystals

« LAAPD readout, 2 x 1cm?
e 6(E)/E~1.5%/NE + ~1%

15-20 Sep 2014 ISHEPP2014 14



Hypernuclear Detector

Internal C target to produce Z=
Active silicon target to stop the = and
detect the hypenuclei decay products

Germanium vy array detector, with 15 _b
clusters of 3 gemanium

/s

Foreseeen 2 KeV vy energy resolution,
1.3 MeV & energy resolution

Germanium array

<l

2 \

15-20 Sep 2014 ISHEPP2014
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PANDA PID requirements

dE/dx of STT

" m m . EHJ

80

Particle identification essential tool
Momentum range 200 MeV/c — 10 GeV/c
Different processes for PID needed
PID Processes

« Cerenkov radiation:
Radiators: quartz, aerogel, C,F;,

* Energy loss: p <1 GeV _ PNl i A
Good accuracy with TPC, momentum (GeVic)

Stt system dE/dx under study

« Time of flight:
needs a start detector

« Electromagnetic showers:
EMC for e and y

15-20 Sep 2014 ISHEPP2014 p / GeVlc 16



/PAN DA PID Requirements:\

# particle identification essential for PANDA
# momentum range 200 MeV/c - 10 GeV/c
# Extreme high rates 2:107 Hz
# good particle separation (K-n, e—n)
\ # different detectors needed for PID /

STT MVD

helosMomHistPi
Entries 45925

p [GeV/c]

Physics Performance Report for PANDA arXiv:0903.3905
15-20 Sep 2014 ISHEPP2014

Particle IDentification with PANDA
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PANDA scientific program

# baryon/antybaryon production

# EM processes: p Momentum [GeV/c]
2 4 6 8 10 12 15

# TL form factos | — | | i ——
# Drell-Yan and TMDS AN 0Q DD a0,
% GPDs s D.D, :
* TDA P == :

# strangeness physics
# hyperatoms :
fANg,ssg ccg
# S=-2 nuclear system :
# =" nuclei nng,ssg ccg
# AN hypernuclei :

>

C

1 M>|
I M

C
C

qqqq ccqq

# meson spectroscopy 999.99

# light mesons 090
# charmonium
¥ exotics states lightqq cc

¥ glueballs m,p,w,fH, KK I, Nes Xes

# hybrids | | | | |

# molecules/multiquarks c 5
# open charm Mass [GeV/cZ]

# charm in nuclei
15-20 Sep 2014 ISHEPP2014



k_) Time-Like EM proton form factorsin p+p — e +e*

=2-10% cm?2s! = 2fblin~100 days

Generator:
e |G,|=225(1+q?/0.71)2(1 + g2/ 3.6)
do To? ..
Y 2 2 . 42 .2
2(c0s0) - 8m2m[7'|(;_.\1| (1 + cos*8) + |Gg|*sin® 6]
80 [T WW 160 :4..|...|...|...|...|...,...|...|...|..L
- o e%q '_;,,145_‘ o0 .
@ N=[GellIGyl = ke a2 e
;éw—f 2 b 1 2
-l . o ] o e e o ] [
lower sensitivity 40 ;—: Baoadl i e et 1 g ﬁ(’]
@ higher g2 -2 24 %P 2 29 - 2 2
0 g =54 (GeV/c) 9 - g =8.2(GeVic) 1 g =13.8 (GeVilc) |
: _ ‘ ®G_=0 ] '
:III|III|III|III|III|III|III|III|III|IIIE :Illllllllltl_lxllﬁllzl|Iﬁ|ﬁlhlqlllllllllll: :III|III|III|III|III|IIIIIII|III|III|III:
M. Sudol et al., EPJ A44 (2010) 373 -1 0 1 -1 0 1 -1 0 1

E. Tomasi-Gustafsson, M.P. Rekalo, PLB 504 (2001) 291 cos ©

15-20 Sep 2014 ISHEPP2014 19



PANDA scenario: expected results panda

=2-1032cm2s! — 2fblin~100 days
N(cos) = a[r(1 + cos? ) + R? sin” 0]

BABAR: o 3 \
B. Aubert et al. PRD 73 (2006) 012005 | / 4 BaBar13
PS170: o 5[ = | EAR
G. Bardin et al., NPB 411 (1994) 3 i * FENICE
pQCD inspired: : ¢ E835
V. A. Matveev et al., LNC 7 (1973) 719 2[ v NewPanda
S.J. Brodsky et al., PRL 31 (1973) 1153 B
VDM: 1.5 |
F. lachello, PLB 43 (1973) 191 L [ e
Extended VDM: - [ ST ¥l ]
E.L.Lomon, PRC 66 (2002) 045501 1 ' ik RN A T
E. A. Kuraev etal., PLB 712 (2012) 240 - i
0.5} +‘ @
Individual determination of [ .}
0 __I | 1 1 | | 1 1 1 | | 1 | | 1 1 1 I | I“"I;“llulnTll-““l
Gel and |G| 4 6 8 10 12 14
up to g2 ~ 14 (GeV/c)?2! s [GeV?]
M. Sudol et al., EPJ A44 (2010) 373 A. Dbeyssi, PhD Thesis: PANDA unofficial results

15-20 Sep 2014 ISHEPP2014 20



PANDA scenario: expected results panda

=2-1032m2s!' — 2fblin~100 days

BABAR:

B. Aubert et al. PRD 73 (2006) 012005 R =1
E835:

M. Andreotti et al., PLB 559 (2003) 20 =

M. Ambrogiani et al., PRD 60 (1999) 032002 (D L ® Babar
Fenice: o o Fenice

A. Antonelli et al., NPB 517 (1998) 3 = y E?&gﬁ
PS170: v CLEO

G. Bardin et al., NPB 411 (1994) 3 10—1__ L BH%
E760: _

T. A. Armstrong et al., PRD 56 (1997) 2509 B
CLEO: -

T. K. Pedlar et al. , PRL 95 (2005) 261803 - " LANDA
DM1: -

B. Delcourt et al., PLB 86 (1979) 395
DM2: 10—2__

D. Bisello et al., NPB 224 (1983) 379 u
BES: B

M. Ablikim et al., PLB 630 (2005) 14 -

. ] f I
Absolute o accessible - 1 [
Upt0q2~28(GeV/C)2 10_3—|||||||||||||| ||||||||||T|

M. Sudol et al., EPJ A44 (2010) 373 9 10 15 20 23 30

15-20 Sep 2014 ISHEPP2014 q2[(GeV/c)L:



ﬁi PANDA scenario: asymptotic behaviours panda

=2-103% cm2s! — 2fblin~100 days
BABAR:

o
B. Aubert et al. PRD 73 (2006) 012005 O | - s
E835: | Lo [+ GM(TL) wpaNpa O Fenice
M. Andreotti et al., PLB 559 (2003) 20 —= (}) sim2013. L E760
M. Ambrogiani et al., PRD 60 (1999) 032002 10+ b : A DM1
o E : DM2
Fenice: | E W‘f‘
A. Antonelli et al., NPB 517 (1998) 3 [ SEl 1 g v CLEO
PS170: - '~ ‘H’—.}
G. Bardin et al., NPB 411 (1994) 3 ) o % '*++“*“
E760: - GM(SL d ol o o
T. A. Armstrong et al., PRD 56 (1997) 2509 4 ‘
CLEO: 11h4
1t 1
T. K. Pedlar et al. , PRL 95 (2005) 261803 B .
DM1: -+, GE(SL)
B. Delcourt et al., PLB 86 (1979) 395 [ i
DM2: T
D. Bisello et al., NPB 224 (1983) 379 i
BES: 1
L -1
MAb||k|metal,PLB630(2005)14 10 oo e by v b bvav b v bov e bdbiay

0 5 10 15 20 25 30 35 40
. < . _ |o[(GeV/c)T
Probing the Phragmen-Lindel6f theorem:
Jdim FER(@?) = lim FTH(g?) ImF;(¢?) = 0, ¢*—

g*— —o0 g*—oo

E. Tomasi-Gustafsson, 12th International Conference on Nuclear Reaction Mechanisms, Villa Monastero,
1gaPenBap IRy 415 - 19 Jun 2009, pp.447, arXiv:090BHERPN2(hdcl-th] 22



Twist-2 PDFs:
f(x) = [ d?KkoF (% k)

Courtesy of Aram Kotzinian
15-20 Sep 2014 ISHEPP2014 23



TMD: k;-dependent Parton Distributions

Leading-twist correlator depends on

five more distribution functions:

®(p:P,S)

» T,.Ll.zn;/;‘f I:!')'l
o k1a) = g (T AR
k
—I—sr:rw Pl (PR (F’. l“:
M '




Twist-2 PDFs

n =@

2 ﬁ <W&Q k, p=xP+k
f00) = [d%k k) p 8L o3 K T T

glLZQ_' a O_'

- 6 Transversity Peribution

- ? Sivers

- @ Boer-Mulders

- O

@ - ©

Chirality

even odd

u| f, h,

Twist-2 L gl hlLL
T fllT ’ng hl’ hlLT

-0 - O




($4@8rell-Yan Di-Lepton Production — Pp — ("X

i —%
e

Why Drell Yan?
Asymmetries depend on PD only (SIDIS—-convolution with QFF)

3 planes: plane _to polarisation vectors
p—y plane mmmm) plenty of (single) spin effects
(*¢~y" plane
Why p?
Each valence quark can contribuite to the diagram

Kinematics
M? M?

X, =
2P, e : 2P, e

Xe=Xi™ Xo
M2

T =X O
S




d’c  4o’m 1
dM®dx.  9M°’s x, +X,

> en | FHx)F () + TR (x,) |

e
o

Counts/0.1 GeV/c?
)
w

Y
o
N

10

Fermilab E866 800 GeV/c
1 lllllllllllllllllllllll.llllll

2 4 6 8 10 12 - 1€ 18
Mass (GeV/c?)




%4 rimental Asymmetries @ PANDA — p p(T) S X

Unpolarised: A\COs2¢

0 —a ‘
do . Ze {(1+ cos? 9)?[ f, ff‘}+sin2 (90032¢5¢[<2th1T hp,; — plTDpZT}

d Qdx,dx,dk, 12Q Y\,

1772

7| T8 | = [dnrpor (P + Par =k )| T2 (%0 Bir ) £ (a0 Por )+ (15:2)

Single Spin: S'n(¢ s )

dAc T )
Tk 125QZZe SZT{ 1+cos’ 0)sin(g— gy, )7 | hp,, : ]+

hD sm ¢+¢52 )

_sin? @sin (34— Ao (hop,. ) —2h by "y
SIN Sm( ¢ ¢32)¢ DplT( DpZT) 2h0p,; Py P,y — hlpy; pZT OM. M2
1Vl

—sin? Qsm ¢5+ ¢S




= : —_ (1 _
erlmental Asymmetries @ PANDA —P p( N np X
480K ev with E; =15 GeV on fixed target, 1.5<M < 2.5 GeV/c®

EffRyy,, 2 (L5<M,, <2.5GeV/c?)= 0.16 5 x %: 0.08 s™ [] 200K Ev month™

Expected errors (1 < q < 2 GeVic Expected errors (2 < q < 3 GeV/c
o R —|a
- sin(e+0 ) —_la C sin(¢+¢_ ) a
- s, a - s,
MR A hi h; M Ar hi hy |
0.1 | | | A A | J 01_ J J J J J
S S S A AR S L T
- - —a
0.08F  sin(- —a 0.085  sin(o-
P 0,) Fof la E g, fl fﬁa
0.06 11T 0.06F |7
B R S + o - ... + :
F —la ol —1a
0.02— Al h 1 h lJ‘a 0.02:—A°°s(2¢’ h 1 h 1La
o; v » ’ ’ ' . + o; + + + + + + »
¥ S 7 N Y-S Y % A ;o.a S T v S v R R 08

s ~ 30 GeV-

[UA. Bianconi and M. Radici, Phys. Rev. D71 (2005) 074014
[2IPhysics Performance Report for PANDA, arXiv: 0903.3905




QCD dynamics

The experimental data set available is far from being complete. All
strange hyperons and single charmed hyperons are energetically
accessible in pp collisions at PANDA.

In PANDA pp —> AA, AE, AR, EZ 2%, QQ, A A, 2.2, Q.Q.
can be produced allowing the study of the dependences on spin

observables.

Channel 1.64 GeV/e Rec. eff. o [pb] Signal

pp — AA 0.11 64 1
12-107°  ~10 4.2.1075

-
T Pp — pprm :
Channel 4 GeV/e
pp — AA 0.23 ~ 50 1
A pp — pprta <3-107% 35.10° <2.2-107°
o an pp — AX° 5.1-1074 ~ 50 2.2-1073
p

Pp — AX(1385) <3.100 ~50 <1.3-107°
Pp — =050 <3.1006  ~50 <1.3-10°°

Channel 15 GeV/e
1

Pp — AA 0.14 ~ 10
™ = Pp — pprtwT <1-1076¢ 1-.10° <2-1073
P pp — AX° 2.3-1073 ~ 10 1.6-1072
Pp — AX(1385) 3.3-1075 60 14-1073
+ Pp — 5°x0 30-100*  ~10  2.1-1073

] Tt ) DPM <1-107% 5-.10* < .09
By comparing several reactions Chaanel 4GeV/e Rec ol o (ub) __ Signal
pp— = = 0.19 ~ 2 1

Involving different quark flavours ——=asssxzasss) <10 ~o0 <20

the OZI rule and its possible violation, can be tested
15-20 Sep 2014 ISHEPP2014
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Baryon-baryon interaction

The knowledge of Baryon-Baryon potential is essential for the
understanding of the composition of nuclear matter.

10

Nuclear NN forces are known, YN interaction,
thanks to hypernuclear physics, is relatively
known, but YY interaction is completely

_ U=+30MeV unknown, there are just a few double A

N UsteMev ] hypernuclear events.

107

Baryon fraction

. R S

0.3 0.6 0.9 1.2 1.5
Density (fm ™)

The fraction of baryons and leptons in neutron

star matter arXiv:0801.3791v1

AN-hypernuclei, E-atoms, Q-atoms allow to have an
insight to more complex nuclear systems containing
strangeness (neutron stars, hyperon-stars, strange-

quark stars, ...)

0™

o
=

15-20 Sep 2014 ISHEPP2014 31


http://arxiv.org/abs/0801.3791v1

Double Strange Systems (DDS)

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

AA strong interaction
Double A Hypernucleus: * only possible in double hypernuclei
* YY potential: attractive/repulsive?
* hyperfragments probability
dependence on YY potential
One Boson Exchange features

° AN = AA: only non strange, | =0 meson
o exchange (w,n...)

°° AN weak interaction: hyperon induced

decay:
*AN DAn:T,, <<T;. (expected)
* A\ 2 Zpily, <<l (expected)

Exotic hyperatom:
=" occupies an atomic level

2 N's replace 2 nucleons in a nucleu

- ~

Doubly Strange Hypernucleus:

=" occupies a nuclear level

‘ @ = -N interaction:

- -nucleus interaction

* Atomic orbits overlap nucleus

e Strong interaction and
Coulomb force interplay

* Lowest atomic levels are
shifted and broadened

* Potential: Coulomb + optical

* short range interaction
* long range interaction

15-20 Sep 2014 ISHEPP2014 32



A new way for double strange systems

4 Up to now double strange systems have been produced by K- beams in the
reaction:

K- (N, =) K* (N- quasi free or bound in nucleus)

» S=2 baryon can be produced via:

-+

[1]
[1]

pP+p—

p+n—=

+ Creaction = 210 at 3GeV/c
+ =9 700.000€ ebar/h
Goal:

maximize the “stopped =" with a suitable set-up

v" Choice of the target:

free protons (hydrogen target) Of protons and neutrons in a nucleus (quasi-free
reactions)

> Advantages of nuclear target ©:
a) higher cross section (scaling as ~AZ3)

b) = slowing down in dense (nuclear) matter
> Disadvantages of nuclear target ® :
c) high background (annihilation)

d) high beam consuming (beam losses)

15-20 Sep 2014 ISHEPP2014
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A new way for double strange systems

f K Ebar +N 9 Kbar+ Kbar +p + ann [E- pr‘OdUCﬂOI’I 1'09]

|
-~
a
r Pbar tN=2> E + Epar : 6 = l«lb'
g < Pvar (3GeV/c) below 7 production
e
t
Elastic scattering in nucleus:
N
\ N strong slowing down (a challenge)
N\
)
/ N
o o \
slowing .down in matter y (28 M eV) 1
(with decay) = T
‘I\M" a
+- 5 — ENDAA
E- capture into atomic levels e conversion +
and hyperatomic cascade t AA sticking
ray
Capture into nucleus: 771' N S AA decay
Strong and Coulomb forces J (MWD,NMWD... )

15-20 Sep 2014 ISHEPP2014 34



AN Hypernuclel

Status of the art:

Nucleus | B,(40"2) [MeV] | AB\(u1*2) [MeV] Reference Reaction
AAloBe 17.7+ 0.4 4.3+0.4 M.Danysz et al., PRL.11(1963) 29 K+A->K"+ &
AAGHe 10.9+0.5 4.6+0.5 D.J.Prowse, PRL.17(1966) 782 K+A->K'+ ="
wl%Be 8.5+0.7 -4.9+0.7 KEK-E176 K+p>K+2(qf)
3B 27.6+0.7 4.9+0.7 S.Aoki et al., PTP.85(1991) 1287 K +p > K+ E(q.f)
2B 4.5+0.5 l P.Khaustov et al., (22C) omE~ > 2B, + N

PRC.61(2000)027601
BHe 7.25+0.195 1.01203% ST T K-+p > K*+2-(q.)
112B G (0<8°%) = 6-10nb K.Yamamoto et al., PLB.478(2000) 401 K- +12C > K* + 12B, ,

Up to know these systems have been studied in cosmic rays or using kaon-beams:
K+p—-> = +K'From =~ to Double Hypernuclei

KEK, BNL-AGS, have demonstrated that the systems are produced.

At JPARC with high intensity kaon-beams the goal is to stop 10* =~ in a nuclear target.

At PANDA the same amount of data will be collected, with the possibility to run
with different nuclear targets at the same time.
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e ete  interactions: |

- Only 1~ states are formed

o
o
[
—0—
—O—
@)
0O
o
2

- Other states only by secondary i +
decays (moderate mass resolution = ++ ++ 7
related to the detector) + O

1
8

e pp reactions:

CBall ev./2 MeV

- Most states directly formed
(very good mass resolution; p-beam
can be efficiently cooled)

e | | .ﬂ

3500 3510 3520 MeV

Br(e*e™ >w) -Br(y > yn.J) =2.5107

Br(pp > ng =1.2107
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Spectroscopy with antiprotons

There are two mechanisms to access particular final states:

Production

All Quantumnumbers
possible

all JPC available € N L’\. Recoil

Meson

Production

Formation

Formation Quantumnumbers
like pp

only selected JPC O\. '*/'L
\L- \L
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Spectroscopy with antiprotons

There are two mechanisms to access particular final states:

| ~ g O=T===0 =0
Production . .
p ‘M P M P ‘M
Even exotic quantum numbers
can be reached o ~100 pb
Formation
Formation Quantumnumbers

like pp

only selected JPC ‘r\* '/vk
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Spectroscopy with antiprotons

‘ﬁm&% G o) @ o (3
Production
p —— ‘M —— ‘M — ’|\7|

3

=
ol

Even exotic quantum numbers
can be reached o ~100 pb

All ordinary quantum numbers
can be reached o ~1 ub

Formation EW@ ‘EM@G) ‘;«M’m

- — —

p

©
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Exotic hadrons

The QCD spectrum is much rich than that of the naive quark model

also the gluons can act as hadron components

The “exotic hadrons” fall in 3
general categories:

102 |

Multiquarks (0Q)(QQ) ( == ( ==
Hybrids — (qa) g (4

Glueballs gg =

15-20 Sep 2014 ISHEPP2014
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Exotic hadrons

The QCD spectrum is much rich than that of the naive quark model
also the gluons can act as hadron components

The “exotic hadrons” fall in 3 —
general categories: 1

=
L

10° lo '8 3
Multiquarks (QQ)(QQ) € me( (== - :
= o ) |
g S -
Hybrids (qq) g w | %5) x
, a o ‘:
Glueballs ag - ; L%, % :
w02 L AN/ N | ; '
0 2000 4000
MeV/ c®

In the ¢c meson spectrum the density of
states is lower and therefore so the overlap
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XY Z Mesons

B-meson decay . Initi{?l State Radiation 7
B .

K(*)

X(3872) Belle, Babar, Cleo, CDF, DO 17~ states

Y(3940) Belle, Babar X(4008)? Belle

Y(4140)? CDF Y(4260) BaBar, Belle, CLEO
Z(4430) Y(4350) BaBar, Belle
Z,(4050) Belle Y(4660) Belle

Z,(4250)

X(3915) Belle yy-collisions

Associate production 2(3930) Belle

e =W Xee Y(4350) Belle X
e . JY C
or g gD(*) X(3940) Belle

v S X(4160) Belle

Cc *
The B-factory experiments havg(o?iscovered a large number of candidates for charmonium and
charmonium-like meson states, many of which can not be easily accommodated by theory. State
parameters are still largely unknown. Few events collected in 10 years of running
PANDA will detect 100 events per day
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XY Z Mesons

Without entering into the details of each state some general consideration
can be drawn.

58, z i
gy AMONUMSReEMo s« masses are barely known;
S0F - __________dop, « often widths are just upper
4 Siememryt#415) —— — ————————— SHE%eIb D, DD, T
. _::;_‘4‘3;% ________ ____zy250)_|pp, ||m|tS,
2D, 2D @ | . .
oy e SRR 0. o few final states have been
P e . PN AL P ied:
% 4%4_51,iu1 ﬂﬂ_—lﬁ—%%ﬁaﬁ——a————; 85[[}:5 StUC! e(.j' _
S B e~ ewesm oD, I, 3 iy - statistics are poor;,
% B e e quantum number assignment
I Mg i 3 3 X _ . . .
w0 T e ] is possible for few states;
: e : « sSome resonances need
1 ' confirmation...
lIS MI;‘E‘L'JF'F 1 - K
3000 Gt . There are problems of compatibility
01— 1- 0% 17 2t 2t 2 3 2 Theory - Experiment

Arxiv:09010.3409v2 [hep-th]

Quantum numbers assignment and structure become clear only with high statistics,
different final states and very precise energy measurements,.
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Antiproton power

(el P e N p R

Resonance
Cross
section

= e*e”: typical mass res.~ 10 MeV
=  Fermilab: 240 keV

= HESR: ~30 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)oy,, (E) +0, }

The resonance mass Mg, total width 7/ 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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PANDA Physics Performance Report

All the details of the PANDA experimental program are reported
in the “"Physics Performance Report”.

Physics Performance Report for:

Within this document, we present the

results of detailed simulations
performed to evaluate detector

performance on many benchmark
channels.

arXiv:0903.3905v1
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Drell-Yan Asymmetries —

Di-Lepfon Rest Frame

S b (1 +Acos’0 + usin“Ocose + v s1n29c0s2(p)

c dQ 4757L+3 2




e
A, 1, v measured in t N—-ptru—X NA10 @ CERN
140 GeV/c 194 GeV/c 286 GeV/c

O3 prrprr 0.3 prrrrrrrrr e 0.3

0-2p | ; 0.2F + 0.2F

0.1 IO 0.1F + 0.1F l :
. 9 ] T of - oo : of — R
(‘I\l:g; ’ ] clﬁ—o,ﬁ— + { : cli—o,ﬁ— | T
e IR 6 ks NERTE

—0.4¢ 1 o4t 17 —oaf :

—05¢ E ~0.5f + 1 -o0s5f :

_g'sf_...................I....l...._- ~0.6F | -0.6f

S0 05 115 2 25 3 SOTpgEee Ry s T 0T TS T 5 S

pr (GeV/c) pr (GeV/c)

pr (GeV/c)

[1] NA10 coll., Z. Phys. C37 (1988) 545



Drell-Yan Asymmetries — pPp > p'u X

L ®p+datsooGevie '
s 1 +Wat252GeVic E615 |

o a 1 +Wat 194 GeV/c g

Boer-Mulders | e

i 06 |
h, = > |
1 - 04 |

T-odd Chiral-odd TMD  *|

0

-

0 05 1 1.

*v >0 — valence h;+ hassamesigninn and N
* V(TW—p X)) ~ N (1) aence X N 1 (P)vatence
* V(pd—pwX) ~ h H(P)yarence X N1 H(P)sea

v >0 — valence and sea h ; + has same sign

but sea h;+ should be significantly smaller
[ L. Zhu et al, PRL 99 (2007) 082301; [12 D. Boer, Phys. Rew. D60 (1999) 014012.



0 Single Spin Asymmetries: correlation functions

All these effects may may lead to
Single Spin Asymmetries (SSA):

B do' = do
do' + do”

A\



L keansverse Single Spin Asymmetries: correlation functions

Sivers effect
# of partons in polarized proton depends on p p
p

ﬁ (ppka)
k A
part fq/p,S(X’ K, )= fq/p(x’ Ky) _ﬁ fﬁq(x, K.)S-(px kL)'[IZ
i rg b ‘0
C.ollins pffpm‘ X
fi 1k, Lq Aol YD
qs/p(Xk )__fq/p(x kL)__Mh (X kL)S (p x K )pﬂ-
Polarisina Fraomentation Function CC g<
P,

HlJ_q(Z’ pj_) Sq (pq X f)J_) A

/\

Dh/q,sq (21 pL) — Dh/q(21 pL) + 5 Mh

—_—

Sa .(Bq XBJ_)



L keansverse Single Spin Asymmetries: correlation functions

Sivers effect
# of partons in polarized proton depends on p B
p

—

Sp O(Bpxh)

Boer — Mulders effect

partons’ polarisation in unpolarized proton depends on

—_

SqO(BqXRJ_) p Bp_>

Collins effect
fragmentation of polarised quark depends on

§Q‘(quﬁ¢) q Bq

Polarising Fragmentation Function

A
Hadrons’ polarisation coming from q B _ [pL
q

— —————————————————— A
Unpolarised quarks depends on " X

—_—

Sa .(Bq XBJ_)



; Transverse Single Spin Asymmetries in Drell-Yan

expectedlt to be small but not negligible

for HESR layout on fixed target

Test of Universality

— i (X K)oy

A, = do' — do*
da + da
0 _
Js=14.14 GeV
0.05 | n
hz i }‘ }\ f CI(X kL)SIDIS
‘:\}.‘ I ___““--___q___/ ~_
ol -
1| N
oq5 L AMOGIME 7 1 L A 1:q/pT (X k )
1 05 0 05 10
X M (GeV)

Originates from the Sivers functionlil:

AN:

> e fd?k 0%k 5% (kg +k g o AN T,

A 1414 uey

2k,

m

—r—

ot (%o

p

frt(x.k,)

Q) q/p (Xa’kLa)

2y e2[d’k,d%k & (qu +K,-—q

[11 Anselmino et al., Phys. Rev. D72, 094007 (2005).
[21].C. Collins, Phys. Lett. B536 (2002) 43

) alp

(%

) q/p(xﬁ’kia)



LY Transverse Single Spin Asymmetries in Drell-Yan

A do' — do expected(*! to be small but not negligible
- for HESR layout on fixed target
do' + do’ y J
O LA L L L L L L
I Vs =14.14 GeV
0.05 | 11 ] 0<qgr<1GeV/c
Ao 1 K :
v F—--HH_/ il R Vs = 14.14 GeV
01 r 4 i
: 4<<6 GB"J__ |-5,r|<: | — |~_,'.-|<::']
_015 P TR TR T N T R TR TR AN SR SR T T HN TR S T PRI N N S TN T NN SRR T T NN R SN T N SR T
-1 -0.5 0 0.5 10 2 4 6 2 10
Xe M (GeV)

Originates from the Sivers functionlil:
_qué!dZKqu sza52 (qu + kla — 0, )AN fq/pT (xq, qu) fa/p (Xa’ kLa)

A= 2( 42 2 2
2y €2 d%k 07K, 6 (Kog +K g =0 )y (XK ) oy (%50 K )
[11 Anselmino et al., Phys. Rev. D72, 094007 (2005).
213.C. Collins, Phys. Lett. B536 (2002) 43
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Silicon Microvertex detector Forward Chambers
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Hadron Calorimeter
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