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Hadron Spectroscopy

BESIII, arXiv:1303.5949

Recent Hot Topics

. 6M.Stolarski, DIS 2014

ﬁ HIM

Helmholtz-Institut Main:

z

Nucleon Structure
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manifestly exotic! not yet understood
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( panda Hadron Physics and QCD

* Why are there no
free quarks?

* Are there other colour
neutral objects?

* What is the structure
of the nucleon?

* What are the spin
degrees of freedom?
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Particle Hadron Nuclear
physics physics physics
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anti-Proton ANnihilation in DArmstadt

* Meson spectroscopy
» light mesons
» charmonium
» exotic states:
glue-balls, hybrids,
molecules / multi-quarks
* (Anti-) Baryon production
* Nucleon structure
* Charm in nuclei
e Strangeness physics
» hypernucilei,
» S = -2 nuclear system

PANDA Physics Programme
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(pand . Erm
R Advantages of Anti-Protons =i

* Gluon rich process Formation:

* Gain ~2GeV in annihilation
(low momentum transfer)

* B =0 system Pe=1"
- Only JPC = 1- allowed in e*e"
* Access to all fermion-antifermion
quantum numbers (not in e+e-)

* Access to states of high spin J

* Precise mass resolution in > All JP¢ allowed for (qq) accessible in pp
formation reactions

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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== 1l
Resonance
Cross Section \\
Beam :
 profile i |
Measured
Rate
* Cooled p beam: Excellent energy resolution!
* Production rate: Convolution of resonance and beam profile
* Principle has been proven to work ...
Frank Nerling The PANDA experiment at FAIR 05/09/2013
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Production:

e >y o, oy v)-o pete
* Invariant mass reconstruction depends
on the detector resolution = 10 MeV

Formation:
pp—= X, >V w—yee

* Resonance scan:;
- mass resolution depends on the
beam resolution

lllllllllllllllllllllll
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Production:

e >y o, oy v)-o pete
* Invariant mass reconstruction depends
on the detector resolution = 10 MeV

Formation:
pp—= X, >V w—yee

* Resonance scan:;
- mass resolution depends on the
beam resolution

Cross Section [nbl
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Resonance Scan Method -- an example:  ,, E=x
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Gaiser et al., Phys. Rev. D34 (1986) 711:
CrystalBall (SLAC): 3512.3 + 4 MeV/c?
Andreotti et al., Nucl. Phys. B717 (2005) 34-47:
E835 (Fermilab): 3510.641 + 0.074 MeV/c?
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Resonance Scan Method -- an example:  ,, E=x

Production:
e sy sy, r(y)owees Ly = =
* Invariant mass reconstruction depends g 1.75 F ‘%

on the detector resolution = 10 MeV E 1.5 F - -

sl ok

Formation: 00‘75 3 =
oY,V w—yete 05k
* Resonance scan: 02 ] AR

—> mass resolution depends on the 3(,)423'0' 3450773500 3510 3520 3530

beam resolution vs [MeV]

Gaiser et al., Phys. Rev. D34 (1986) 711:
CrystalBall (SLAC): 3512.3 + 4 MeV/c?

E76O/83 S@Fermlldb » 240 kev Andreotti et al., Nucl. Phys. B717 (2005) 34-47:
PANDA@FAIR ~ 50 keV E835 (Fermilab): 3510.641 + 0.074 MeV/c?

NB: Interpretation of many states depends on width of states!

Frank Nerling The PANDA experiment at FAIR 05/09/2013



CHand _ . . B rm
S S pp Production Cross Sections el

" 1 10 102 103 10¢ 105 106 107 108
1mb ¢
100 b ¢+
10 ub Cross section expectations for:
IJ I "
Glueballs » Glueballs, light hybrids
1 ub = rates comparable to light hadrons
U =3
; » Charmed hybrids/molecules
100nb L 'CX X ® rates comparable to charmed hadrons
.o X(3872) > Key issue
10nb + n:no = High luminosity + good trigger
[ )
Xco  'Hybrids
1nb +
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Spectroscopy — Exotic Hadrons
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Mesons and (Spin) Exotic States a8

Constituent quark model QCD: meson states beyond
* color neutral qq systems

* qguantum numbers /G JFC

o P = (_1)L+1 C = (_1)L+S G = (_1)I+L+1

* JFC multiplets: 0+*,07*, 17,1+, 1+%*,2%*, ...
* Forbidden: 0~-,0*~,17*,2*7,37%, ...

Three categories of exotics:
* Glueballs - gg, ggg

* Hybrids -2 (99)g

* Molecules / multiquarks
2 (qqa)(ga), (ag)(qq) or: qqqg, qgqqq

- The observation of exotic hadrons would be a confirmation of QCD

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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L Lattice Predictions e

* Lattice QCD - Predictions for masses/properties
* Current predictions for mesons, glueballs, hybrids

257, 1, %s, P, PPy PP, °P, 'D, D, 3D3 1|=3 3F3 n.a.

— T 5 Prediction:
12 + - L Spin exotic
Experimental . | _wg‘%ﬁi i1 &° hybrids
X,Y,Z 1 —_

10 | m_w%mvégw)-h- - ZL | 4\ iction:
(_ ) Gho) s lcei) /- v\ Prediction:

o e -&: Xe, B glueballs
g8 — Q
T — 13 E
[ ‘ experiment s
- N - |
CP-PACS +—=—
5F Colu{mbia —e—i 12
hybrids +—e—
4 | glueballs m—

€0t 17 1t ot 1Tt 2t 2t 27 30 3t 3Mexotic

G. S. Bali, Int.J.Mod.Phys. A21 (2006) 5610-5617
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Charmonium Hybrid Candidate n_, A

* From LQCD calculations:
Spin-exotic hybrid candidate f¢1 with m = 4.3GeV/c?, JPC= 1+
* Exclusive reconstruction in two favoured channels:

pp — fNc1n _’XC17TO7TO’7 pp — Nc1n —>D050*r)
Y Y /y
5/0/)’7\>y 0/77 LV 0 —>_ Y
\ __— T _ 7" //7K
ﬁC1\>T[0/>'Y ,0,0\ p0——> H+/Y
\ \Y el ° Y
Xcl— Y \D_O*//K+ Y
\ + S/ 07
" R
o

* Production X-section assumed similar to pp — ¥(25)n (33pb)
- Need good calorimetry + good patrticle identification

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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P = n“d A = - 0 0 nghonz-lnsmut Maihz
: PP — Ny N = Xmon'n =
e Simulation @ 15 GeV/c
» 80k signals + 80k each background, e.qg.
™ 0,00 ™ 0
pp —J/YTTETT N, PP — Xc1T NN
» 9C kinematic fit (mass constraints, 4C energy momentum)
— ]/ = 0.,0
n—Yy Xcl Y Ncl — Xc1T' T
N . . e . . 4,300 T T r r 3 o8 : : : : :
3250 | 13 | S
g0 ﬂ =250 [ ':IM':I | 2 H{\ £~ 1%/
3 \ S il o
5200 | |':T|+| 1 8 | " & 250} } ]
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50 j'w?‘ T*Q; . 50 I * ] so hj h*fl ]
0" J—M'."\‘.'*-”. L "'r"'-w.-...- -n: 0 _.-:'-“‘4: ! ! ‘,...4'- s bt ﬂ"?’?*"ﬁ%+ . ) ﬂ"tttmﬂm oty
0.52 0.54 0.56 0.58 346 348 35 352 354 356 L1574 45543 435 44 445
m(yy) [GeV/c?] m(JApy) [GeV/c?] m(xmnono) [GeVic?]
* Signal to noise: S o
J — > 250- > =>  well feasible for o5 =< 10 og!
N OB

[arXiv:0903.3905, hep-ex]
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pPp — N, N — D°D"n =

( panda

e Simulation @ 15 GeV/c
> 200k signals + background, e.g. pp — DODY* 70
» 11C kinematic fit (mass constraints, 4C energy momentum)

fic1 — DODO*

0 +..0 0 * 0,0
DY - K n'mn D" — DV
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* Signal to noise: i
N > 2900 - B(fic1 — DODO%*) => feasible for non-vanishing BR

[arXiv:0903.3905, hep-ex]
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Open charm: The D, spectrum i
~ 3
* Qualitative agreement theory vs. experiment x| . D.(2860) S
on D states — details however still open S 28l 5 .
¢ [ —<D,2710) ]
* Many new D, mesons (LHCb) N —— =D, ]
il D) .
== eD,(2460) K
* Narrow states (2003): D.*(2317) and 240 YRPEY) _ DK
D.*(2416) still under discussion oL b
(and other broad states recently) i o—D. | — Godfrey/Isqur (1985) | ]
Di Pierro/Eichten (2001) |
2 === Ds ® Observed g
* Masses: Significantly lower than expected : - : :
JS= 0 17 0" 1° 2" 3
(quark potential model), and just below
DK and D*K threshold igg 3 t  BaBar
350 f PR D74 032207
e Wi . imi 300 |
Widths: Only upper limits 2so E b
200 | {* mﬂ#*f
* Interpretation unclear: o W ; Ty
= H Wt
DK/ D*K molecules, tetraquarks, chiral 50 | R
doublers, ...? Sensitive to width ° 7 22 23 2
m(D, ©°) GeV/c®
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panda Interpretation €-> Width of D_,*(2317) Faw

Different theoretical approaches, different interpretations F(Dso*(231 ) - Dsn°) (keV)

6+2

7+1

10 Purecs state

16

21.5

32

395

15 -70

10 - 100 Tetraquark state

79.3 +32.6 DK had. molecule
140 Dynamically gen. resonance

133 +22 DK had. molecule

NEW! Strong and radiative
decays of D_,(2317) and D_,(2460)
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Rand Width of D,*(2317) SR

* Theoretical interpretations very sensitive for I'(D_,*(2317))

* Formation reaction not possible: Pp +» D2,(2317)
= Energy-scan with recoil @ threshold: pp — D;"D:O(ZB 17)"

2 2
I s—(m-+m ) (s m—m )
ols) _ [ ( ( D.) - ( D,) [C. Hanhart]
2
| M?| 47Tf (m — mpgin) + (T/2)°
S 190 ' i 10 keV
1 = eV e
2 Mg =2.0 GeV ! I =100 keV -~
— 140 | dp/p =1e-5 I [=1.0MeV e 4
= :
© o120 b ! ' .
Threshold !
. 100 D +D %o 1 i
- Lineshape at threshold s 7s0 /
depends on I'(D_,(2317)*) 80 - i / -
| &
60 ! i
! i
40 | LT i
'I, ': .'"’ \\\
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.............. N /
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0 Lo oo e T '
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Reconstruction of pp—»D D ,*(2317)" -

( panda
e Simulation @ 8.8 GeV/c
> 40k signals, 40k each background, e.g. pp — D;"DS_’IT0
» 10M generic background events

> Inclusive reconstruction of D *, missing mass technique

Mmiss Mmiss VS. Mpg Mmiss + Mpg
L1400 ' ' ' S e ' ' ' T FAT T Tateszoofz] R
: > 1 2B%m,  4a86+0000| ;
S1200 = 216000 0.001£0.000] } 3
= ok T 0.001+0.000 | §: ]
21000 ] gl 400:111« 4.289 +0.000 4 ; ]
1200} © 0.001+0.000 | 1 ]
s00f wooik . ;
6001 - 8005‘ H 1 ]
400F 600F * + ]
] o i A\E WY pie ] 400} o ]
2000 ] S ERRTR N A 3 soal £ ]
1 e T T B ¥ 4 ]
OM_.; SRNPITTRTN (SRR P SO . W I

2.25 23 2.35 2.4 19 95 ) 2.05 127 128 120
m, [GeV/c] / m(6 ) [GeV/c] my, +m, [GeV/c)]

efficienc
make use of strong y
. ) o
correlation between masses £~ 20% —36%

[arXiv:0903.3905, hep-ex]
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/HIM
Energy scan simulation around threshold ‘

Helmholtz-Institut Mainz

pp — DsiD:o(%l?F

Msum = Mmiss(Ds) + M(DS) 15 measured points

within 4 MeV window
) e

7 |lr=100kev| [ - T

5= 4285.2
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Frank Nerling

[M.Mertens, PhD thesis]
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Energy scan simulation around threshold s
Extracted excitation function Sensitivity of width Measurement
o : Normalisation 8.561+0.2412 60
g
5600 50 A
w /
£ 500 — 40
2 >
= 2 30
400 = o (AE = +1 MeV)

C —
o © _
2 20 ¢ —e—0 (AE = +1 MeV, +2SP)
& 300 —A— 0 (AE = 2 MeV)
+ 10
—@— 0 (AE = +2 MeV, +2SP)
200 O I I I I I 1
0O 100 200 300 400 500 600
100
I, [keV]
0
4284 4285 4286 4287 4288 Relative accuracy o /I’ <1/3 forI" > 100

Vs [MeV]
[M.Mertens, PhD thesis]
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Meson Spectroscopy — Charmonium-like (exotics)
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5 HIM

Helmholtz-Institut Mainz

L EEN
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e Since 2003 charmonium-like
spectrum found richer as expected

JPC

Observation of states that do not fit
theoretical models/predictions

The case of the X(3872):

» isospin violating, very narrow
» quantum numbers known (1**, LHCb)

- nature not yet clear..

needed: measurement of width

» some need still confirmation
» masses poorly known

([ panda . .
- pan Charmonium(-like) Spectrum
(2S+1)L
J 1S 3s 3P 3P 3P 1P 3D 3D 3D 1D ?7
0 2 1 0 1 3 2 1 2 "2
&5500011'1 L I
> 4750 7 o
E Y(4660)
» 4500 _(4415) .
g " Y(4320) | Z'(4430)
= 4250 X(4160) " Y(4260) ' , 1 - z'; | o
= (4160) -
4000 . yuoey - | T vessog,
S 2(3930;(3;72) ' ' -'x(a-an)
3750¥. o Open charm threshold y(3770) > width |
BeveS_. . width unclear
3500 N ]
xc
3250 — ’ = Established —
— - JI\p [ ] s —
300075 How States * X,Y,Z states:
2750 . Theory
2500 e e e e e
o* 1" 2" 1™ o™ 1" 37 20 17 27 77

» statistics poor, nature unclear:
Molecules, tetraquarks, hybrids, ..?

Z,(3900): First order exotic?
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(panda How PANDA can contribute:  rm

Study lineshapes
* Panda: Neutral & charged, e.g. J/iynn*, Jynon®, x y—= Jyyy, Jhyy, Jym ey, ...
* Direct formation in pp =2 lineshapes
* Example: X(3872)
” %) | 0_0 | I [ l
J/l.|J'IT'IT Jd . gm i D°D°z° E. Braaten, M. Lu,
g 3 I PRD 77 (2008) 014029
5 : 5[ .
i DOD" -
peaj M or}i—ﬁ 2 T 2
E [MeV] E [MeV]
virtual state C. Hanhart et al.,

binding state PRD 76 (2007) 034007 :
Compare lineshapes

in different final states

Frank Nerling The PANDA experiment at FAIR 05/09/2013



_panda Brm
f X(3872) I
* Upper limit on branching ratio by LHCb:
BR(X—-pp) < 0.002*"BR(X—-J/yrrt) > 1'<1.2 MeV  EPJC73(2013) 2462
* And BR(X— Jymrt) > 0.026 (PDG 12) => o(Bp—X(3872)) < 67 nb
‘ X(3872) Resonance Scan MC Data ] Fit with Constant Plus Convolutionj 11 Vi 2 o e
. of Breit-Wigner and Gaussian i i i
‘g‘ 160:_ —4+— MC Data v*/ndf — 30.91 (1\5/
Q | |=— Global Fit Mx(ze72) 9. = g SSSPES IOPSSSSPRSUUVRUSSPUSES [ SSVUUUD, FUSSUUUUPISSUSUUUN [ OUOPIOOS NUUUPYOUSSVUOUROIVE i SUOOPU NUSUUCIOISSVOTORIION
O 140(— S'O il Nx(3872) 86.9 + 16.8 keV> s Ve=srizamey] g wrame| 7 W o EETY
| —— Signal fit . ’
R Background Level 24.51 +1.80 .
i Background fit A(Vs)  fixed @ 33.568 keV| - ; |ﬂ q
100 :—_ Z: 9 \/353871.9,4Mev‘ ::10 ‘3371.;9MEV. !?7113 : ‘3872 K;AM;V' !; 12: : 3872.09 MeV
80— ; i
: S W e
60 :__ Z: 13 /s =3872.14M; : 14 3872.19 MeV E§:15 3872.24 MeV/| "‘t 16 3872.29 MeV
o o | —
e P e TR e e e sennlossglossssassasnsanssedesnsascheserenent T o IoNE 7 Yo 118 R e 20 sy
o # / \+
i /,' e : ¢
I S T Gy e T gl [N Y TN TN A TS TR TR i, . P O OO O (N | ot o o2
3.8716 3.8718 3.872 3.8722 3.8724 3.8726 by O e et SUCE JF SUCRFSUUCUSSUUUSRSSUUUSSUSCUN i SNOISSSOTR SOOI

Vs/ GeV
Here: Assume o = 50 nb, Luminosity: 2x1031 cm-2s-"

* \Width resolution < 100 keV

[M.Galuska, PhD thesis]
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Non-qq mesons: Charged cc-like states S
BESIII, arXiv:1303.5949
* Manifestly exotic: tetra-quark or molecular nature 100 Z,(3900) +-osta
* Z(4430)* seen by Belle, confirmed by LHCb S 80; e
* Z(3900)* seen by BESIII, Belle & b -+= PHSP MC
* Z(4020), Z(4040) seen by BESIII S
e Z(4050), Z(4250) seen by Belle 2
c
(L
Belle, PRL 100 (2008) 142001 A
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Studies planned with PANDA:

e production in pp:
pp > Z(4430)* T+
Z(4430) > @(2S) r*

* formation in pn:

p_d 2 Z(4430)- pspectator
-2 Y((2S) T

pspectator

spectator proton needed to reconstruct
- reduced mass resolution

Entries / 10 MeV/c?

Non-qq mesons: Charged cc-like states

ﬁ HIM

28

26

24

m(y(2S)n)? [GeV?/cY]

IIII‘TINIIVIWI

22

T

20

I‘!I\]

18

16

IYll\

LS [ L N L I L L L L B Y (O

MC simulation

IIII‘\IJ[III]I

IIIIJJI‘lI\\II

llltli

llllllllllllﬁllll 1

144

TR |
20 22 24 28
m(y(2S)n)? [GeVZ/cY]

25000_|1| TTTT [T T T T[T TTT[TTTT

20000
15000~

10000

5000

" MC simulation
FWHM: 50 MeV
Efficiency: 24%

11 1 | I ) I S I 11 1 1 I | N | 11 1 |

0

R o NNEEE NEEEE N L .
41 42 43 44 45 46 47 48 49 5
m(y (2S)r) [GeV/c?]

Frank Nerling

The PANDA experiment at FAIR

05/09/2013

Helmholtz-Institut Mainz



Helmholtz-Institut Mainz

Further Branches of the PANDA Physics Programme ...
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—FEREEE Baryon Spectroscopy TE=p

Baryon spectroscopy in PANDA Eee v DR

* Large cross-section, no extra mesons J=1/2

* 4w acceptance for charged and neutral Z o yHt
* Displaced vertex tagging

N and A baryons &
* N* spectrum not understood 0 =0
* Missing resonances

* Progress basically in photoproduction only

Charmed baryons

* Narrow widths of resonances

* Rich spectrum of states

* JPC guantum numbers not yet all measured
* Testing ground for HQET

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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: : Nucleon spin structure e

Basics of nucleon spin structure studies

Bjorken scaling
> At high Q? dependence only on x: scatter off partons

Parton distributions
» Valence quarks
» Sea: quarks & anti-quarks

» Gluons

Structure functions
» Unpolarised, f,
» Polarised, g, (and g,)
» Tranverse polarised, h,

Proton spin status: <s,>=7.=7"; (Au+Ad+As) +L, + AG + L
» Quark contribution: A = (Au+Ad+As) = 0.3 (Expt.)
» Gluon polarisation: |[AG/G| < 0.3 (Expt.)
» Other contributions: Orbital angular momentum

Frank Nerling The PANDA experiment at FAIR 05/09/2013



cross section (Rosenbluth)
singlte/double spin observables
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([ panda . o
-EEETE Electromagnetic proton form factor &=

scattering: annihilation:

SPACELIKE “unphysical” region D TIMELIKE e~
e q2<0 e q2>0
gl
Y
p p D ot

cross section (angular distribution)
single/double spin observables

real FF

4M?

>
q2
complexe FF

* Access to the charge radius of the proton
* Incompatibility of Rosenbluth and polarisation data in spacelike region

e Same matrix element: Highly explored in spacelike region, almost unknown in timelike

Frank Nerling The PANDA experiment at FAIR
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—re Electromagnetic proton form factor o p
SPACELIKE, ¢>< 0 TIMELIKE, g > 0
Rosenbluth separation / polarization transfer cross section (angular distribution)
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Rosenbluth: pGg/Gnm ~ 1
polarisation: Gg/Gnm ~ a + bg?
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e at the lowest order (one-photon exchange approximation):
A Zichichi et al., Nuovo Cimento XXIV, 170 (1962)

do wa? 1 1
= _ 1 20* G 2 21— 20* G 2
d cos 0* 25 3 {( + cos )| M| +T( cos )|
21
5 Lo fr et 0ot

T =q%/4M?
— extract |G| and |G pz|: with
— extract |Gg|/|G |

4 wa?

e integrated cross section: o = —
3 Bs

differential cross section
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Timelike EM form factor =

p I+

(no |G | suppression)

[|GM|2 + 2i|GE|2} = effective FF
T

integrated cross section
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[M.Zambrana, Photon 2013]
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Timelike EM form factor EE S
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Measurement of EM proton formfactor
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from total cross section

from angular distribution assumption : |GE| — |GM|
Ratio between Gg and Gum -~ ey
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M. Sudol et al., Eur. Phys. J. A 44,373-384 (2010)
M.C. Mora Espi, PhD thesis (2012)

Unprecedented precision in PANDA measuremen: 50% -2 3-5%
[M.Zambrana, Photon 2013]
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What GPDs are: Handb Di
* A fractional momentum ¢ is taken out andbag Liagram

* GPDs: 4 functions
> H(xE 1), E(xE) o
> H(x,E,t), E(X,E,t) (polarised)

X+

X-§

Quark distribution
q(x), -q(-x)

H(x,£,0)

Properties of GPDs:

* GPDs carry information on both distribution of
partons: longitudinal & transverse

-8 * GPDs contain also information on

0.5 quark (orbital) angular momentum

* H(x,0,0) = q(x) structure functions of DIS
. _[H(x,(),t) dx = F(t) nucleon formfactor

M. Vanderhaeghen
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( panda . # v
_Hand GPDs with PANDA SEs

Generalised Parton Distributions
* Deeply Virtual Compton Scattering (DVCS)
* Hard Exclusive Meson Production (HEMP)

Crossed Channel with p: GDAs
* Wide angle compton scattering
* Hard Exclusive Meson Production

o, [nbarn]

Simulation
e Signal: pp — vy
* Backgrounds: pp — yn°%,pp — ©on°

.
%
.
Ve
RS
H .,
1 ! Ll

\s[GeV]
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From GPDs to TDAs:
* GPDs describe qq exchange
* TDAs describe qqq exchange

ﬁ HIM

Transition Distribution Amplitudes (TDAs) S

- Backward exclusive meson production

- Process: pp — yy*

Properties of TDAs:

* Universal non-perturbative objects
describinge.g.p »>mandp -y

* Obey QCD evolution equations

Feasibility Studies

* Cross section in reach for PANDA
* Signal: pp - ye*e  and pp — yn?
* Backgrounds: pp — n%, pp — n°nd

Frank Nerling
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e Drell-Yan process with PANDA T

P e,u
Transverse nucleon spin
* Drell-Yan process 2 e
(full PWA or polarised beam/target) Expected srrors (1 <o, <2 GeVie |
0‘122— A:in(°+osz)
* No helicity flip fragmentation function LT S S S
needed as in DIS oan sns-o,
0.06— _T X X X . i |
oos N N N v T T
* With pp access to valence antiquarks oz A
o—+ ’ " . ’ ' +
A L L L L
[ J

High x, high cross-section, high sensitivity -

UTT

First: Unpolarised only 012 A, |
0.1 T T &

Later: Single spin asymmetry also " ¥ )
\
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- .
o
—

0.02

=]
TTT
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Antiproto ns

Production

3000 physic.ists : ” - | "f"'ﬁ
50 countries C R/RES R = =)

FAIR
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Scientific pillars of FAIR:
X g | » Atomic, Plasma Physics and Applications — APPA
BESlF | > Compressed Baryonic Matter — CBM
— < » NUclear STructure, Astrophysics and Reactions — NUSTAR

antiProtons ANnihilation at DArmstadt — PANDA

X =]
A=

50 countries CR/RESR
FAIR

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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3000 physicists
50 Countries

Frank Nerling

Antiproto ns

Production

Scientific pillars of FAIR:
» Atomic, Plasma Physics and Applications — APPA
» Compressed Baryonic Matter —- CBM

» NUclear STructure, Astrophysics and Reactors —- NUSTAR
> antiProtons ANnihilation at DArmstadt - PANDA
The PANDA experiment at FAIR 05/09/2013
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Facility for Antiproton and lon Research b

12 June 2014

' Total area > 200 000 m?2
Area buildings = 98 000 m?
Usable area 135 000 m?
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_pand High Energy Storage Ring -- HESR e

Helix dipole q] Stochastic
magnet 1 kickers
- ——t—A— —tiit a2 HO-H-I\,.
P i __J iy, i
'\.\' Electron cooler %,  PANDA Experiment, Detector
!" B Dipole magnet é,
] ® Quadrupole magnet L
1 B Sextupole magnet S
! o Solenoid =)
. = spacer for skew quad
‘,‘ O spacer for snake solenoid
* injection equipment
“,
§,~
"y -
p,pbar injection - — ' ’ e
’ RF cavities Stochastic
from CR (ESR)_ _ I~ ickups
0 50m
High resolution mode: High intensity mode:
* e cooling: p <8.9 GeV/c e Stochastic cooling
* 1070 anti-protons stored * 10" anti-protons stored
* Luminosity up to 2 x 103" cm2 s * Luminosity up to 2 x 1032 cm2 s
* Ap/p =4 x10° * Ap/p=2x 104

Frank Nerling The PANDA experiment at FAIR 05/09/2013



AntiProton Annihilation at Darmstadt et

Detector requirements:

» 41 coverage (partial wave analysis)

» High rates (2 x 107 annihilations / s)

» Good PID (v, e, 1, =, K, p)

» Momentum res. (~1%)

» Vertexing for D, K%, A (ct = 123 um for D?, p/m »2)
> Efficient trigger (e, L, K, D, A)

> No hardware trigger (raw data rate ~TB/s)

Frank Nerling The PANDA experiment at FAIR 05/09/2013
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AntiProton Annihilation at Darmstadt s
FE=s 13 m
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Clusterjet- or Pellet-Target

—
Anti proton Interaction point
beam |

:/
[/ /
i/

13 m
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w Tube Tracker
Luminosity Monitor

!

U

t ing
2 Syste
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AntiProton Annihilation at Darmstadt e

QL

Forward hlyk

PWO Caloriméter

Frank Nerling
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e Summary & conclusions i

* Broad & fascinating physics programme at PANDA

* Anti-protons provide experimental key technique

* Accelerator and detector are on track

PANDA will be the facility
to study QCD -- nucleon
structure and spectroscopy

Frank Nerling The PANDA experiment at FAIR 05/09/2013



e Thank you for your attention! e

The PANDA collaboration:
~ 520 Members, 69 Institutes, 18 Countries

Austria, Australia, Belarus, China, France, Germany, India, Italy, Poland,
Romania, Russia, Spain, Sweden, Switzerland, Thailand, Netherlands,
USA, UK
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