Hadron Spectroscopy

Adam Szczepaniak
Indiana University

® Hadrons, QCD and the new states of matter

@® Recent results: experiment, theory and phenomenology and connection
between them
Too many results: focus on “-onia”

® Challenges: Amplitude analysis
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® QED (at the atomic scale)

weakly interacting photons +
non-relativistic charges

Vacuum fields : Coulomb potential
+ (de-coupled) harmonic oscillators

® A

NS\

>

space

Conventional bound states (atoms):
radiation coupled
|H> = |e* p>[y>
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® QCD (at the nuclear scale) ® QED (at the atomic scale)

self-interacting gluons with strong coupling + weakly interacting photons +
relativistic (light) or non-relativistic (c,b) quarks non-relativistic charges

Vacuum fields : Confined Coulomb
potential + (coupled) magnetic charges
(monopoles,vortices)

Vacuum fields : Coulomb potential
+ (de-coupled) harmonic oscillators

B
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Features of the Hadron Spectrum: Charmonium

[ quark model template Tttt > ground state flux tube dominates
[A hybrid candidate X(4260) ~  -------- > signh of excited glue

[ molecular (DD") candidate X(3872) .-....-. > residuall hadronitlfor

[A possible extra states M=3900 - 4200 +-------- > 4

[A charged charmonia M=4000 - 4500

--------- > 7
(aka tetraquarks)

Christopher Hearty (BaBar)
(Hadron Spectroscopy, Friday)
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@® X(3872) discovered by Belle in J/\p TT*1T" (2003) confirmed by CDF other modes from Bell,BaBar

mass between D*D and DDTT thresholds O(MeV) width (1MeV) X= ] ‘”1 “i”e””a"ce
1 * % 155- ©) === MC S-wave ; _E
3k if J°C=1** then S-wave D'D molecule (several fm)? 2 —MCRwme
3k 2 (BaBar,2010) QM ? £ 5| _5
84 O=' . = _ ;

0.74 0.76 0.78

m,_ (GeV/c?)
Pdel Amo Sanchez et al., PRD82, 132002 (2010)
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o X(3872) discovered by Belle in J/\p TT*TT- (2003) confirmed by CDF other modes from Bell,BaBar
mass between D*D and DDTT thresholds O(MeV) width (1MeV) X= ] ‘“l “jre””a"ce
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precision strong phases

from weak D-decays

D*s—K*K-1t* (Babar 201 I)
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® X* (4430) Belle (2009) B° —K-(Y’'17*),B* KO (P'114) =

not seen in BaBar (also in J/P TT) 2F :
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@ X* (4430) Belle (2009) B® —K-(y'1T*),B*—= KO (Y’'11+)

not seen in BaBar (also in J/\p TT)
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® X* (4430) Belle (2009) B° —K-(Y’'17*),B* KO (P'114) =

not seen in BaBar (also in |/ TT) 2F _
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@ X* (4430) Belle (2009) B® —K-(y'1T*),B*—= KO (Y’'11+)

not seen in BaBar (also in J/\p TT)
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23

® X* (4050,4250) Belle (2009) B0 —K-(XcTT*)
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® X* (4050,4250) Belle (2009) B® —K-(XcITT)

21

20

M?(x. "), GeV2rc?
IIIII|IIlIIIIIIIIlIIlIIIIIlIII

TTTT
o

lllllllllllllllllll

1.5 2 2.5 3
MK, GeV2/c?

60 (f)

50
40
30
20
10

TTTT IIIIIIIIIIIIIIIIII

Events / 0.058 GeV?/c*

o
d_l_%l_u_llIllllllllllllllllllllll
_a_

-
| I
IITII]I |

1 2 3
M?(Kn"), GeV?/c?

60
50
40
30
20
10

sum of K*’s
BW'’s
+ background

Events / 0.058 GeV?/c*

-LIIIlIIIIllIIIIIIII|IIIIIIIII|III

1[
r

Tuesday, August 9, 2011



X* (4050,4250) Belle (2009) B® —K-(Xc/TT*)
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® X* (4050,4250) Belle (2009) B® —K-(XcITT*)
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Physical (coherent) backgrounds
are important
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Role of hadronic backgrounds

BESI| proposed a new |=I=1, (p-like) _
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Role of hadronic backgrounds
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Hunting for the hybrid meson
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® new multiplets from lattice

a0 1P s+
pe
B n-1s
o 1 m @ " —~
- . 2p08 &= O 1] 7
o500 938 7 (1,2,8)--,2~+ o 1++
ot (5,4,5)"",47" @ [1+]p
st;if;iyr [;}:J (0,1,1,1,2,2,3)*
rrT (0,1,2)**
> Sy S [1]s
@) i (0,1,2)*+,1+- ©0,1,2)7*,1"
o~ 20001 —s=——
¢ _ 1D
N — (1,2,3)-,2~+
E c B 07F, 17" —_—
1m- -— | e—
(0,1,2)** 1+~
1000 | —
e )
F o isovector meson spectrum with my ~ 700 MeV
500 |-
R e S

J.Dudek et al. JLab

Tuesday, August 9, 2011



® new multiplets from lattice
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® new multiplets from lattice
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3 : : (one unit of orbital
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3 lowest quasi-gluon eigenstate in presence of
static source has J?©=1"- quantum numbers
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y - +50 2
TPp—=mMTPp | M =1370x16_, MeV /c search for

T =385+ 40%, MeV /c? nn hybrid 1T,(1600)

No consistent B-WV interpretation
possible but a weak NTT interaction
exists and can reproduce the exotic wave

Tp— nnon

Tuesday, August 9, 2011



> - +50 2
TPp—=mMTPp M =1370x16_, MeV /c search for

[ =385+ 403, MeV /¢’ nn hybrid 1T,(1600)

No consistent B-WV interpretation

[ T I I N .

Tp— n:rcon

i [

possible but a weak NTT interaction 51500 c. ﬂ
exists and can reproduce the exotic wave Emuu: Jf{ \ 1 -
S ool an T Jr'l JD[ :
R M = 1597102 MeV /¢’ 5 ! ; Iy -
T =340 =403 MeV /¢ RN VA L. O DU
- 15 20 25 15 20 25

M(n'n") (GeVic?)

Tuesday, August 9, 2011



e ONDb. A A ctmnn T
Y 8000 COMPASS20%  E— | COMPASS 2008
- - 2 7000= | & 6000 Ep KT
T p—MT P l M =1370+16", MeV /¢’ P H{ i{ POT-TRE E |"D.("T"LLJ = 2*Yintensity
[ =385+ 40", MeV /c? £ 5000= + + £ 4000= 'H
3000= 4 E o T
oooE. | + 2000E- relir e
. 0 No consistent B-W interpr ~ "= ) 1000 | Moth
Jt p — T]JT; n °b| b k . :_.’+ AT *iere. 05.11‘1‘1.111“1,“11. | IR B 11’10.11’.u
possible but a weak NTT Int Ose bbbl b o 12 14 16 18 2 22 24 26 28

exists and can reproduce the exotic wave

M =1597 =10} MeV /c’
[ =340 £403) MeV /c¢?

n_p%n,n_p D-..I.. | .+.'|'_.....;|;_j.|....|...‘|'.'|'_

15 20 25 15 20 25
M(n'n") (GeVic?)

Tuesday, August 9, 2011



ONDb. » ~ ctomnn 1]

°’§ 8000 COMPASS 20 "’> F - + Tct‘_oMP,:?_s:c, 2008
- - 5 7000= | 2, 6000 > 1
T P—=>MNT P | M =1370+16", MeV /¢’ gm m ” P, "= )i Emf_ { D, (€ = 2 intensity
[ =385+ 40", MeV /c? £ 5000 + + £ 4000~
3 4000 | | > 3o0L | H+ | ‘H o
3000~ + = l~+ ++ +
?000: ! + 2000 felhir fpet
o 0 No consistent B-W interpr - ) 1000 4 RN
Jt p - T]JT; n OSSibIe bUt a Weak Tl- int :PT“+. .111.111.“1‘. l..T‘. 1.01"1'.‘ 0: ')A n “17“717 ‘7l 1711‘ 71 .
P n B 12 14 16 18 2 22 24 26 o= 14 ]6 _I_R == - bﬁ ”8_

exists and can reproduce the exotic wave

M =1597 =10} MeV /c’
[ =340 £403) MeV /c¢?

- M=1593=8"; MeV /c® gy (E852) yes/no
['=168207" MeV/c*  COMPASS yes

E852 re.s.L,llﬁ,%w (r-m-n)

& high way {a)

i

ADRZ' -1 | T

T*® B— 9 (1600) mra::] GEWc MI3x] Gev/c’

TPp—MNuPp

15 20 25 15 20 25
M(n'n") (GeVic?)

2

s(K)/0.025 GeV/c

Fhy
P
Eﬂﬁ

radians (radians)

7"'2 =4 p . .
FIG. 25: (a) The 1-t1t P-wave pm partial wave in the
p charged ﬂ':% (7~x ") for the high-wave set PWA and the

low-wave set PWA and (b) the phase difference Ad® between
the 2T+ and 1= for the two wave sets.
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From Hadrons to QCD constituents

tim
barrel
calorimeter  ~fioht

photon beam

2. Analytical continuation to complex energy plane
is needed to extract resonance parameters

3. Finally connection between S-matrix poles and
QCD: lattice, models needs to be made

Major challenges

| Amplitude extraction is ~ 3
model dependent
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New initiatives for
development of hadron
spectroscopy efforts

Les NABIS

Extracting CP phases from
Dalitz plot & CP studies
(US/Germany)

Workshops/summer schools on
hadronic physics and amplitude
analysis
INT, ECT*, JLab

Excited Baryon Analysis Center/|JLab
(EBAC)
Julich,Mainz,Giessen

Reaction Data

nN — mnN, nN, nnN, KY, wN, ..
)/(*)N — 7N, 1N, nnN, KY, wN, ...

Dynamical Coupled-Channels Analysis @ EBAC

PWA-days @ |JLab

Hadron Models Lattice QCD
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