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PROPERTIES OF THE INTERACTIONS

Property

Acts on:
Particles experiencing:
Particles mediating:
Strength relative to electromag | 10~ m

for two u quarks at:
3107 m

for two protons in nucleus

Gravitational

Mass - Energy

Flavor

Electric Charge

Color Charge

All

Quarks, Leptons

Electrically charged

Quarks, Gluons

See Ressdual Strong
Interaction Note

Hadrons

Graviton
(not yet observed)

w+ w- 20

Y

10-41
10-41
1073

0.8
104
1077

1
1
1

25

60

Not applicable
to hadrons

Mesons

Not applicable
to quarks

20



Basic underlying theory
1s known: QCD
. but

PROPERTIES OF THE INTERACTIONS

Interaction At
Property Gravitational

Acts on: Mass - Energy Flavor Electric Charge /[ Color Charge o S,}:,’:"
Particles experiencing: All

Quarks, Leptons Electrically charged [ | Quarks, Gluons Hadrons

Particles mediating: LR w+ w- 20 o
Strength relative to electromag | 10~ m 10-4

Y Mesons

0.8
for two u quarks at:
9 3107 m 104 ' 104

for two protons in nucleus 10736

1 25 Not applicable
1 60 to quarks

Not applicable
1 to hadrons

1077




Basic underlying theory
1s known: QCD

. but
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Mass - Energy Flavor Electric Charge /[ Color Charge a5 )
\
All Quarks, Leptons Electrically charged | | Quarks, Gluons Hadrons ‘
[no(G 12%332!0) W+ W- Zo Y Gluons Mesons
104 0.8 1 25 Not applicable
104 10-4 1 to quarks
1073 107 ! N ~
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7+ (4430) - a new state of matter (tetraquark?) decaying into st+’

30

N
o

Events/0.01 GeV/c?

10

M = (4433 £0.004 (stat) £ 0.001 (syst)) GeV
I" = (0.044+9017 (stat)*3930 (syst)) GeV
B(B . KZ(4430) x B(Z .. w+y’) = (4.1 1.0 (stat) = 1.3 (syst)) x 10-5

PRL 100, 142001 (2008)
arXiv:0708.1790 [hep-ex]
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Not applied efficiency correction to the data and applying the K* veto
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Both Belle and BABAR data are re-binned (to calculate %) and side-band subtracted
The BABAR data are normalized to the Belle sample.

The data distributions are statistically consistent (3°=54.7/58)

G. CIBINETTO SEARCH FOR Z(4430)- AT BABAR 12



NEW results on Z(4430)* from Dalitz plot fit
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Parameters of the
new EXOTIC 2%, , —n*y ., states

and Mass(n*y.,) distribution

No discrimination between J=0
40 or1l
35 4 M, = (4051 £ 14'3)) MeV/c?,
N - s 19 +21+47 /
(&) | > l - (32 G 1\) .\10\.
S 30 __ - ] ; ,-.. Q) "
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N - : -
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o — ! X . A
T 10 E- ,,-" $ 1= hlde ’ BB'—=K Z3)XB(Zy =7* xa1) = (40153 50%") X 1072,
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ool OO TR O T T L T M et TR e e L Y SN N A .
: obtained for
Be 38 4 42 44 46 48 >
5 other, possibly
+ .
M (x. ), GeVic exotic X,Y,Z states.




S. Olsen’s conclusion at the Charmed Exotic Workshop (2009):

* Z(4430)* signal in B>Kny' persists with a more
complete amplitude analysis.

— signif. ~60, product Bf ~3x10-° (with large errors)
* No significant contradiction with the BaBar results
— signif. = 2~30, Product Bf<3x10-°

« Z,(4050) & Z,(4250), seen in B>Kny.,, have
similar properties (i.e. M & I') & product Bf’s

— signif. (at least one Z*)>100; (two Z* states)>50



- C panda
PANDA: pp > 727(4430) + n~ v B “>
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PANDA: pp > Z7(4430) + n~
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Entries / 1.5 MeV/c?
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keynote:/Volumes/wiedner/Documents/Hadron_physics/Meetings/Spectros_Muc_08/NewHadronsInteractive.key?id=BGSlide-35
keynote:/Volumes/wiedner/Documents/Hadron_physics/Meetings/Spectros_Muc_08/NewHadronsInteractive.key?id=BGSlide-35

Events/40 MaV
=

ey
o

[ Y(3940) ]

B KY JPC:JP-l-
Y—>wJ/¢ M =3943 + 17
' =87+ 34
S0
| | __bi ] | -_

2
L L l L)
)
Nt "

)

-
| M"?}/ ;

3830 4080 ©80 3880 4080 280
MieJfy) (MeV) MixJhy) (MeV)

Observed decay mode: J/y + ® 1s huge (> 7 MeV)



Decay of charmonium hybrids

Lattice results™

@ nn.\'-\\;l\c

spin-exotic: 17

["< 80 MeV

Decay of charmonium provides a clean "tag".

*UKQCD, C. McNeile et al.; Phys.Rev.D 65:094505, 2002; C. Michael, hep-lat/0207017.



What is the nature of these states?

Quarkonia? Molecules? Hybrids?



Experiment: look for Gluon-rich Processes

Double - |
pOMeEron gr—gf=>~\_
exchange? ©

WA 79, WA 102 MARK III, DM2, BES

ASTERIX, Crystal Barrel, OBELIX, E835



Yifang Wang, Charm09

E1 transitions: inclusive photon spectrum

Entries/MeV
RN RARERRRAR ) S
=

100

BESIII preliminary

o

] | | |
200 300 400 500 1000



Events / ( 0.001)

Events / ( 0.001 )
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Yifang Wang, Charm09

y(2S)>n’h,, h,2yn.

Part of BESIII data
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7 recoil mass(GeV/c?)

BESIII preliminary
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7? recoil mass(GeV/c?)

3850208003

1200 F
1000 f
800 [
600}
400 |
200 |
of
250

Events/1 MeV

3.5 3.51 352 353 354 355
n° recoil mass in GeV

BES confirms the CLEOc¢
observation & will improve the
precision of the h_ properties.
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Production vs. Formation

Produktion experiments:

oy all quantum numbers possible
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PANDA antiproton physics has advantages:

Production vs. Formation

Produktion experiments: Formation experiments:
'."‘\‘ all quantum numbers possible
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PANDA antiproton physics has advantages:

Production vs. Formation

Produktion experiments: Formation experiments:

oy all quantum numbers possible
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PANDA antiproton physics has advantages:

Production vs. Formation

Produktion experiments: Formation experiments:

all quantum numbers possible 2

L
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. Y=L +8 identical quantum numbers
JPC e > p= (<)L
Fermion-Antifermion l
C= ('

Discovery potential Precision physics




Formation experiments cannot produce exotic JC,
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Formation experiments cannot produce exotic JC,

Production experiments can produce exotic JFC,

Signal in production but no signal in formation



Formation experiments cannot produce exotic JC,

Production experiments can produce exotic JFC,

Signal in production but no signal in formation

—> very interesting <=



Crystal Barrel pp — mn’n? Dalitz plot

_ 1,(1565)

b — £,(1500)

f,(980)

700000 events = 6x700000 entries



Production of i, ,

ete™ >y
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JPC =1

Reconstruction of invariant mass:
detector resolution dependent



Production of
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Reconstruction of invariant mass:
detector resolution dependent



Production of
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Reconstruction of invariant mass:
detector resolution dependent

=l

Formation of

J=0,2,.. PP X,
Wy

o>

Rate measurement (beam energy dependent):
J=1 detector resolution “independent”




Production of

e+e— -> llfl 1
N

(YJ /w) of ... .

N

l)'_ Al P
Fe=1 \w(ee)’ I TR T I

Reconstruction of invariant mass:
detector resolution dependent

E 760 (Fermﬂab)

Formation of

D |
—_— 2p2 & i al f., 4L b)
PP—> X z /{ P
N H | .
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i 04 } Lo Z A
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Rate measurement (beam energy dependent):
J=1 detector resolution “independent”



Production of

e+e— -> llf, 1
N

(YJ /\If) o] s v

N

\w (e e ) ) e oo
Reconstruction of invariant mass:
detector resolution dependent
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Rate measurement (beam energy dependent):
J=1 detector resolution “independent”



The width of the XYZ states cannot be determined in decays (limited
detector resolution) but in scanning experiments with antiprotons.



BABAR PRVD (7, 111101 (2008) [413 fb 11

X(3872)>n'n J/yin BaBar

recent results

Events /( 0.005 c.w:’

T T

7 T A i i

o B*—>X(3872)K* S of BCULDN B'—X(3872)K"

sof Emg 2.30

% oI & °f |

30’: -_‘,_.,_..'——:—":‘:':"_-r 6‘ PY .

200 ;_';"“:-:-' I8 4___‘__:__:_0_:.:3.»

10 . . T 2

Qs 382 44 386 388 39 392 304 396 498 4 Q' 5.2 384 386 388 a9 392 304 396 308 4

2y BABA4R 2

My, (GEV/e?) My, (GEV/e?)

§My = M(X from B*)-M (X from B’)
=(2.7+£1.6 £t0.4) MeV

- BR(B’-X(3872)K") B
BR(B:-X(3872)K*) 0.41 +0.24 + 0.05

S. Olsen @ charmed exotics workshop 2009



M(X(3872)) strm-J/ap mode only
<M, >=3871.46 +0.19 MeV

X(3872) Mass Measurements in J/wnrt Mode
Belle —— -
3871.46 + 0.37 £ 0.07 MeV/c? new Belle meas.
BaBar (B') I @ i
3871.30 + 0.60 + 0.10 MeV/c?
BaBar (B") —& {
3868.60 + 1.20 + 0.20 MeV/c®
DO i © new CDF meas.
3871.80 + 3.10 + 3.00 MeV/c?
CDF old + B -
3871.30 + 0.70 £ 0.40 MeV/c® A
CDF new (preliminary) +@+
| SE7161L016L0AOMOVIE: ... il e
average w/o new CDF result —o—i + .
3871.24 + 0.29 MeV/c? Moo + Mpo-
average with new CpF result -
387146+ 0. 1O MeN e e o —

m(D°)+m(D*°) [PDG ) ——
3871.814 0. 36 MeV/c \_'_I

| | | | 1 |

3866 3867 3868 3869 3870 3871 / 3872 3873
X(3872) Mass ( MeV/c®) 7

om = -0.35 + 0.41 MeV

S. Olsen @ charmed exotics workshop 2009



Resonance scan

Mecasured rate

Peam ]'1-,=f'||;- /

Iirme scannms

DI\

Measure rate of final state under study:

R, =L*c(p,)*K (Ap/p, Ip; — pg))

(K takes overlap between beam and resonance into account)



~ganda MC Studien J/Yo selection

40k J/Yo events at Y(3940)

. B00}- t = 3
v IS, oon TR % \, 0=6.7 MeV 3
200 My E
selection ;;oo }f ¢
of- {0 3
» PID: p(1')>0.2, p(I')>0.85 ﬁ T i ** :
» PID: p(n')>0.2, m(yy)e[115;150] MeV 4oo; ? '*I*
» 6C fit: beam, J/¥ and n” mass constraint 3°°;_ { ';',{ 3
200_.— 4 \ E
» mass windows 100} £ A 3
: 7 x . " ‘ -
- m(e'e)e[3.07;3.12] GeV 0391 392 393 394 395 ::_'36 ):"[‘(9;:\,,3&?8
miJiym c
- m(r'n n")e[750;810] MeV
»  JWo cand. w/ biggest CL>0.1% Reconstruction efficiency: 16.5%
' ' Product of branching ratios:
» veto on W(2S)-»>J/Wn'n BR(Y(3940)—J/V®)x10.7%
Assume: int. lum. 8pb-1/day
- m(J/‘Pn+n_)€ [36725,37]GeV cross sec. of 1nb

Expect BR(Y(3940)—-J/W®)x140 evts/day
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Properties of the m,(1400)

Decay: (M), _,
Mass: 1400 £ 30 MeV
Width: 310 & 70 MeV

Quantum numbers: JP€ =177

not possible from qq
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Properties of the m,(1400)

Decay: M), not possible from qq
Mass: 1400 += 30 MeV
Width: 310 = 70 MeV / J=L+S§

Quantum numbers: JPC =17 P =(=])-"

C = (_1)L+S




Properties of the m,(1400)

Decay: (M), -, not possible from qq
Mass: 1400 £ 30 MeV
Width: 310 + 70 MeV / J=L+5§
Quantum numbers: JPC =17 P =(=])-"
C — (_1)L+S
Previous indications of this resonance:
Tp — (Tton)n (GAMS/CERN, 100 GeV/c, 1988)
Tp— (TCOT])n (VES/Serpukhov, 100 GeV/c, 1993)
T p — (TN)n (E852/Brookhaven, 18 GeV/c, 1997))

M: 1300 - 1400 MeV/c2, T": 150 - 400 MeV



Exotic production in pp:
p(1400)

] 2 3 GeV?



What is the nature of these states?

Quarkonia? Molecules? Hybrids?



What is the nature of these states?

Quarkonia? Molecules? Hybrids?

w Wait for PANDA



Glueballs
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Glueballs — Creation of Mass

A few % of the proton mass is generated due to the Higgs mechanism.

Most of the proton mass 1s created by the strong interaction.

We do not understand most of the baryonic mass of the Universe.

Glueballs gain their mass solely by the strong interaction and are
therefore an unique approach to the mass creation by the strong
interaction.



Glueballs




Glueballs, closed fluxtubes and n(1440)
Ludvig Faddeev, Antti Niemi and Ulrich Wiedner
Phys.Rev.D70:114033, 2004



The glueball spectrum
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String Theory

* Mapping of Poincawe’ and Conformal
‘Ad5/CFT SO(4,2) symumetries of 3+1 space

to- AdS5 space

Goal: First Approximant to- QCD *
Counting rules for Hord Exclusive )
Scattering d5/ Conformal belfwwwr at shovt
Regge Trajectories A QCD ] distonces )
Confinement at large disti
QCD at the Amplitude Level ’ ge duatance

Semi-Classical QCD '/ Wawve Equations

l Holography
Boost Irwvariant 3+1 Light-Front Wave Equations
J=0,1,1/2,3/2 plus L Integrable!

Hadvrow Spectra, Wawefunctions, Dynawmics

PANDA Workshop Novel Anti-Proton QCD Physics Stan Brodsky
Turin June 17, 2009 SLAC



Electromagnetic Processes: | pp = YY

Y v
p Y
T '\f\f\ crossed-channel
A\/\/\/ Compton scattering
p Y
p p
pi Ky il
4 | |
5 Handbag diagram separates a soft part described
\_ by GPDs from a hard qq annihilation process

p2 ko 2

Predicted rates™*: several thousand / month or above

Exp. problem: Background channels like iy or 07t 5% - 100x stronger.

*A. Freund, A. Radyushkin, A. Schifer, and C. Weiss, Phys. Rev. Lett. 90, 092001 (2003).



Study of Drell-Yan processes might contribute to the knowledge of parton
distribution functions (polarized nuclear targets?).

7
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How to Calculate Meson Spectra from String Theory

Johanna Erdmenger

Max-Planck-Institut fir Physik, Minchen

work in collaboration with J. Babington, Z. Guralnik, 1. Kirsch (HU Berlin),
R. Apreda, J. GroBe (HU Berlin/MPI1 Mlnchen), N. Evans (Southampton)

]
For a review see: Eur.Phys.J.A35:81-133,2008



AdS/CFT Correspondence

(Maldacena 1997, AdS: Anti de Sitter space, CFT: conformal field theory)

Duality Quantum Field Theory < Gravity Theory
Arises from String Theory in a particular low-energy limit

Duality: Quantum field theory at strong coupling

< Gravity theory at weak coupling

Works for large N gauge theories at large 't Hooft coupling A

Conformal field theory in four dimensions
& Supergravity Theory on AdSs x S°



AdS/CFT Correspondence

(Maldacena 1997, AdS: Anti de Sitter space, CFT: conformal field theory)

Duality Quantum Field Theory < Gravity Theory
Arises from String Theory in a particular low-energy limit

Quantum field theory at coupling

< Gravity theory at coupling

Works for large N gauge theories at large 't Hooft coupling A

Conformal field theory in four dimensions
& Supergravity Theory on AdSs x S°



Comparison with experimental results

D4/D8/D8 brane model — spontaneous breaking of SU(N¢) x SU(Ny)
Sakai+Sugimoto 12/2004

vector and axial vector mesons

(obtained from gauge field fluctuations as described by the DBI action)

meson mass ratio:

Experiment:

2 2
1230M
Mo, _ (1230MeV) _ 9k

m2 — (776MeV)?

Stringy model:

(p:C=—-1,a1:C=+41)

In the model of Sakai+Sugimoto, it is also possible to have Nf > 1.

23
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vector and axial vector mesons

(obtained from gauge field fluctuations as described by the DBI action)

meson mass ratio:

Experiment:
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m2 — (776MeV)?

Stringy model:

(p:C=—-1,a1:C=+41)

In the model of Sakai+Sugimoto, it is also possible to have N, > 1.

23



LBNL-12987
UCB-PTH-%9 /08
Glueball Mass Spectrum from Supergravity” hep-th/9903142
see also: JHEP 9901:017,1999
Csaba Csdki' and John Terning
Theorctical Physies Group
Ernest Orlando Lawrence Berkeley National Laboratory
University of California, Berkeley, CA 94720
and
Department of Physics
University of California, Berkeley, CA 94720

FABLE I11. Masses of the first few 0% glueballs in QCDy, in GeV, from supergravity compared to the available lattice
results, The first column gives the lattice result [7,16,17], the second the supergravity result for @ = 0 while the third the
supergravity result in the a = oc limit. The change from a = 0 to @ = o in the supergravity predictions is tiny. Note, that

for the excited state the supergravity calculation came before the lattice results,

state lattice, N = 3 supergravity a = 0 supergravity a =4 o
o*t 1.61 % 0.15 1.61 (input) 1.61 (input)

1 por s 2484 0.8 2.55 2.56

oFtee 3.16 3,48

gt teee : 1.36 1.40




Dark Matter and Dark Energy
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Dark Matter and Dark Energy

unrelated?

maybe not:

Implications of graviton-graviton interaction to dark matter

A. Deur'

University of Virginia, Charlorresville, VA 22904, USA

ARTICLE INFO ABSTRACT

Article history: Our present understanding of the universe requires the existence of dark matter and dark energy.
Received 26 February 2009 : We describe here a natural mechanism that could make exotic dark matter and possibly dark energy
g'f‘:““"“" ”‘7“"""“"1)"’”" 8 April 2009 unnecessary, Graviton-graviton interactions increase the gravitational binding of matter, This increase,
:.:(ull:‘l:‘? i;l::‘nz',"?::“ 2009 lor lglgn‘ massive systems spch as galaxies, may be large enough to nm‘kc exotic dark matter supcl:tluous.
Editor: A. Ringwald Within a weak field approximation we compute the effect on the rotation curves of galaxies and find the
correct magnitude and distribution without need for arbitrary parameters or additional exotic particles,
PACS: The Tully-Fisher relation also emerges naturally from this framework. The computations are further
95.35.+4d applied to galaxy clusters.
95.36.4x 0 2009 Elsevier B.V, All rights reserved,
95.30.Cq

arXiv:0901.4005v2 [astro-ph.CO] 6 May 2009 Physics Letters B 676 (2009) 21-24



Radial s

Lattice calculation with self-interacting gravitons of rotation
curves of spiral galaxies

——— Full lattice calculation
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Lattice calculation with self-interacting gravitons of ret
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Lattice calculation with self-interacting gravitons of ret

112
curves of spiral galaxies on-DY¢
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In fact hxs work led to tvso sets of very useful results. The first, purely pedagogi-
cal, is embodied in the Feynman Lectures on Gravitation (publication [123]). In those lec-
tures, Feynman develops the quantum field theory of a neutral massless spin 2 particle (the
graviton), emphasizing the special features that arise, in comparison to theories of spin 0 and
spin 1 particles, as well as the complications that result for a zero-mass particle in trying
to create a self-consistent theory. As in the case of spin 1, masslessness results in redun-
dant degrees of freedom, since Lorentz invariance requires that a massless particle can spin
only along or opposite to its direction of momentum (positive or negative chirality), while a
massive spin 2 particle may take up five different orientations relative to any arbitrary quan-
tization direction. Eliminating the unwanted degrees of freedom is achieved by imposing
certain “gauge conditions,” which in the gravitational case brings about nonlinearity in the
form of graviton-graviton interaction. Feynman shows that the classical limit of a properly
gauged massless spin 2 theory is described by the Einstein gravitational field equations.®
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“p-injection

L=2-1072 cm_zs_l;
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The PANDA Detector




Layout of the detector (top view)

hadron calorimotor

TOF stop




T
PANDA Collaboration Seo p= "/d =

e At present a group of 450 physicists from
54 1nstitutions and 16 countries

Austria — Belaruz — China — France — Germany — India — Italy — The Netherlands — Poland — Romania —
Russia — Spain — Sweden — Switzerland — U.K. — U.S.A.

Basel, Beijing, Bochum, IIT Bombay, Bonn, Brescia, IFIN Bucharest,
Catania, IIT Chicago, AGH-UST Cracow, JGU Cracow, IFJ PAN Cracow,
Cracow UT, Edinburgh, Erlangen, Ferrara, Frankfurt, Genova, Giessen,
Glasgow, GSI, FZ Jiilich, JINR Dubna, Katowice, KVI Groningen, Lanzhou,
LNF, Lund, Mainz, Minsk, ITEP Moscow, MPEI Moscow,TU Miinchen,
Miinster, Northwestern, BINP Novosibirsk, IPN Orsay, Pavia,

IHEP Protvino, PNPI St.Petersburg, KTH Stockholm, Stockholm,

Dep. A. Avogadro Torino, Dep. Fis. Sperimentale Torino, Torino Politecnico,

I I i n I

ITHTTPERT:
(" KN R

Trieste, TSL Uppsala, Tiibingen, Uppsala, Valencia, SINS Warsaw,
TU Warsaw, AAS Wien

Spokesperson: Ulrich Wiedner (Bochum)

http://www.gsi.de/panda



The PANDA EMC

Partners:
Sweden (Uppsala, Lund, KTH Stockholm, Stockholm), KVI, Basel, Germany (Bochum, Giessen, GSI)



- panda MC studies

The Forward EMC is more challenging than the CMS-EMC:

* v energies between 0.01 - 15 GeV
e very high count rates (up to 500 kHz)

-
(=

1600
—-— A4 ,," >
I),,,mh-lsoel' ¢ Moo

Forward Endcup Rates > 1MeV (14GeV) | h2¢s
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i °o
absorbed energy dose: M. Kotulla, Giessen

J. Zhong, Bochum % @14GeV (innermost)
11.9 mJ/h

% @6GeV (innermost)
5.7 mJ/h



The PANDA-EMC will be better:

light yield cooling

Crystal Light Yield vs SuperModule | 680+ dLyY _ %
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R. Novotny, Giessen



Scintillator Crystals

Target Electromagnetic Calorimeter

expected performance of PWO-II at cooled operation: 3 x 3 matrix
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Ulrich Wiedner Meeting on FAIR experiments, GSI, 25. February 2009
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Hardware activities
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High-rate TPC with GEM readout

MPGD: GEM, MicroMegas, ...

High granularity

Multi-track resolution 10 x better
Reduced E x B effect

Fast electron signal

Intrinsic ion feedback suppression

TDR solution for TESLA:

No gating between bunches: At =
337 ns

~ 150 bunch crossings/readout
cycle

=171 =2%2bm
Ar-CO,-CH, (93-2-5)

Barrel 3% X,

B=47T. B=230Y/cm

or < 100 pm, o3 dz = 5%

cathode | ' Electron drift GEM




10000 PMTs !

Der BaBar DIRC (SLAC)

~PMT + Base
y ~11,000
// PMT's
/Y
Water r i
.:v" '
£ Light
Caicher
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DIRC with TOP (Time Of Propagation)
T1 < | |

T2 ——

=t
>
L

N JINR contribution?

.' — fewer photon detectors

K/ / = requires excellent time resolution (~ 100 ps)




Russian bars
produced in Miass

polished by Litkarynov
(spec: 0 = 20 A)




TOM HANKS

ANGELS&DEMONS

BASED ON THE BEST-SELLING NOVEL
BY THE AUTHOR OF

THE DAVINCI CODE

MAY 2009

Cost: 1 g antimatter:

1 P€ (1015 €)

Cost: FAIR:

1 BE (107 €)



Thank you for your attention!



