5

Spectrum of light baryons @ BESII|

BRICHR (F ERHARARKRF)

On behalf of BESIII Collaboration

Sy =B SRR

X BT

: I

H MR, =M, 2018.12.16




Outline
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® Baryon electromagnetic form factor (Gg & G,,)
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Nucleon resonances spectrum
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”Missing resonances” problem

® Important goal: search for “missing resonances” not observed
experimentally.
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® Theoretically: reduce vm  _im_ e _i =
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® Experimentally: If the missing N*s have small coupling to =N
and yN, they would not have been discovered by experiments
Using photons or pions



Baryon spectrum at BESII |
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X3 y(3686) — v xc; @ (9-10) %0
d PeA I T 0 A9) Iy — yne(1S) @ 1.7 %

® Pure isospin 1/2 filter: ¢y > NN (or NNTtm)

® Missing N* with small couplings to ©N : :
JLab, ELSA, MAMI, ESRF,

and yN, but large coupling to gggN. Spring8, ....
® Interference between N* and N*bands in
P —» NN~ Dalitz plots may help to distinguish
Some ambiguities in PWA of N

® Not only N*, but also A*, £*, E*.

® High statistics of charmonium at BESIII.




N* spectrum

Status as seen in
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® There are no obvious structures, but
distributions are different from phase

space MC.

® No obvious pp threshold
® Disfavior pure FSI interpretation
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Jhy — ppay(980)
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® Ambiguities from fitting to ST
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@® |sospin conservation: A suppressed.

® Two new excited states N(2300) (1/2*) and N(2570) (5/2°) are
observed.

® The pp threshold enhancement most likely is due to
Interference of N*s.

® No clear evidence for N(1885) and N(2065). 10



y(3686) — ppn
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® PWA: N(1535) and PHSP are dominant
v/ N(1535) @ PWA: M=1524+5%1"MeV; T =130+37 37 MeV
v' N(1535) @ PDG: M=1525 to 1545 MeV; I" = 125 to 175 MeV
® No evidence for a pp resonance
® 129% rule: violated in ppnp mode.



ete” - ppn’ @ 3.773 GeV

® y(3770) — non-DD: BESII: (14.743.2)%; theory prediction < 5%
v' Search for non-DD decay modes: useful to understand puzzle
® y(3770) — NN + hadrons provides a chance to study N*
v @3.773GeV: y(3770) strong decays or y* — NN + hadrons
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ete” - ppn® @ [4.008, 4.600]GeV
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® [4.189, 4.600] GeV: N(1440), p(2150) and p4(1990)

® [4.008, 4.085] GeV: N(1520), N(2570), p(2150) and p3(1990)13
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® A large enhancement around pn threshold
® Structure around 1.4 & 1.7GeV for pr- and nm™ invariant
mass spectrum, peak around 2.0GeV due to high mass N* or

reflection of pn threshold enhancement.
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52011 ® No obvious N* state

® Similar to that of phase space,
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® A chance for y — pnp
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A* spectrum

Status as seen in —
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® Excited strange baryons between
1.5GeV and 1.7GeV are observed.
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® Clear A(1520), a hint for A* around 1.67GeV
® X — PPY: po or pp invariant mass ?
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Particle

S(1620)
¥(1660)
Y(1670)
2(1690)
S(17H0)
»(1770)
S(1775)
Y(1840)
S(1880)
¥(1915)

£(1940)

¥ (2000)
030)

¥(2070)

X* spectrum

Status as seen in

Owerall
status NK A= Ex Other channels

1/2+ ek e e N (weakly)

_'j}-"j_ ok ok LR R Hook R

bk several others
¥ * o * AnT
e ok o f3 " n

E T T L] EET T EEE EEE S h‘t'\-l'r'fil (J[]k‘l'.“'«
. ‘o

ook Hesk o

o bk ok b ok o ok

43 % 2 4 4 cuasi-2-body
— _
" NK L A(1520)w
e bk ok ok + several others

T pPpGIS

multi-body

® J/y and y(3686) — AAT® and AAn

® x> AT T
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Jhy and y(3686) — AAT® and AA7

® | arge uncertainty in literature *EPRD 87, 05200
® Systematic measurement Lok
v' AAT®: isospin breaking S w(138H .
v AAn: conserve isospin § of L e T ]
® Test on 12% rule U b et T Hl

1.3 1.35 1.4 1.45 1.5 1.55

B! — AA7°)

= < 10.0%
:B(] X (jf — \ \i 'FTO ) (4

Qh

B(p' — AAn)

) _

(15.7 = 2.9)%.

TABLE III. A comparison of the branching fractions of this work with the results of previous experiments (10 7). The first error is
statistical and the second one indicates the systematical uncertainty.

Experiments B(J/r — AAT) B/ — AAn) B(if' — A7) B(y'— AAn)
This experiment 3.78 = 0.27 £ 0.30 15.7 £0.80 = 1.54 <0.29 248 £ 0.34 = 0.19
BESII [3] <6.4 262 26.0x44 <4.9 <12

BESI [2] 23.0 7.0 £8.0

DM2 [1] 220 *£50=%50

1.6

M o+ M, (GeV/c?)
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Events/(20.00 MeV/c?)
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PRD 86, 052004

I

INENEh AN RN

M

T(1385) An*+c.c.

l

[ T ITECLPI
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£ _
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Events / (0.005 GeV/c?)
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325 33 335 34 345 35 355 36
(GeV/c?)

M

® Clear 2(1385), a bump around 1.5-1.6 GeV
® X — 2(1385) £(1385): test of Colour Octet Model

T(1385) *E(1385)"

Xco; decay mode X0 Xel X
B UL A) B UL S B UL S

AAT 7~ (w/oX(1385)) 286+ 126=*27 <54 22 262*55*33 48  T71.8*+ 145+ 8.2 6.4
S(1385)" A7~ + c.c. 348+ 132 =34 <55 22 <14 03 236F118*+27 <42 1.7
3(1385) " A7" + c.c. 246+ 127+24 <50 16 <14 00 378+ 118*+44 <61 26
l(l“\xi)J'\(l 385) 16.4 5.7 £ 1.6 31 44x25x06 <10 19 7.9+ 4.0=*09 <17 20
>(1385) X(1385)" 23.5*+62+23 4.3 <57 09 <85 00
AA7" 7~ (total) 119.0+ 64 +11.4 >10 31.1*34+39 =10 137.0x7.6 £15.7 =10
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E* spectrum

Status as seen in —

Overall
Particle  JF status = AK YK =(1530)7 Other channels
Z(1318)  1/24 ek Decays weakly
Z(1530) 324 ks sk ok
=(1620) * »
=(1690) Kk k k% koK
=(1820)  3/2— Aok ok ook ok ok
=(1950) *k ok ok ok o
=(2030) Sk sk k% PDG18
=(2120) * *
=(2250) *ok 3-body decays
=(2370) ok 3-body decays
=(2500) * % * 3-body decays

® (3686) and y., — K~ AE* + c.C.
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v(3686) — K~ AE* + c.c.

T T T [ T T T T T T T T T ]
Fo =t ] _%[E(1690) PRD 91, 092006 -
= 100f - z I ]
= : = 20 + = ) .
S S0F = |
z | i i H s 1
[ i i -
; Bttt huahitust 1 . Py
1.2 1.3 1.4 . .
RM(K'A) (GeV/c?) M(K'A) (GeV/c?)
® Use A — p T and §+ N 1_\ TC+ 2(1690)" 2(1820)"
M(MeV/c2) 1687.7+38+1.0 18267+55+16
I'(MeV) 271+£100+27  544+157+42
. The resonance parameters Of Ij_\-'cn_tn},-'iclds 744 £212 1362+ 334
=(1690) and Z(1820) are consistent o 8y 26
. B(1076) 521+ 148+057 12.03+294+122
Wlth PDG. Mppg(MeV/c?) 1690+ 10 1823 +5
Ippg (MeV) < 30 24113
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v(3686) — yK~AE* + c.C.

(]
=

“'PRD 91, 0b2006 ]

Y | ]
= - C -
= = 151 m
= i v, L ]
z 20 E 10~ —
s | 2 ]
=t = 5E * ]
( kbt MR a 0 345 " 3,60
1.16 1.18 1.20 1.22 1.24 MK AT (GeV/e)
. ¥ = ev/c”
M(yA) (GeV/c?) h ’
— e Decay Branching fraction
- =+ + ) £
_) L] _)
. Use A p n and hed A T w(3686) > K-AE" (3.86 £ 0.27 £ 0.32) x 1073
- w(3686) — E(1690)"=, (5.21 +1.48 £0.57) x 10~°
® Clear XY and y, states with 21690, = KA
w(3686) — E(1820)"=, (12.03 £2.94 £ 1.22) x 107°
low background =(1820)" ~ KA |
w(3686) — K~X0=1 ~ (3.67£033£028)x 107
w(3686) = yxe0 Xeo — K~AET  (1.90 £0.30 £ 0.16) x 1073
w(3686) = yx.1. ¥ — K~AEY (132 £0.20+0.12) x 107°
w(3686) = yrer. xeo = K-AZET  (1.68 +0.26 +0.15) x 107
X — K- AZ (1.96 £ 0.31 £0.16) x 10~
Y1 — K~AE? (1.43+0.22+0.12) x 10~
Yoo = K- AE (1.93+0.30 £0.15) x 10~*
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Form factor of nucleon

Atoms

Form Factors Dark
Dirac: Fl(qz) 4.6% Energy
Pauli: Fa(q ) 71.4%
Ge = F1+ 24F, Dark '
S =Fa + 5P Matter

24%

Time-Like Region
FFs Complex

Space-Like Region
FFs Real

Unphysical i Physical

TODAY

® Hadron vertex are described by Dirac FF (F,) & Pauli FF (F,)

(P D) = vuFi(g?) +- Fz(qz)
® Sachs FFs: electric G¢ and magnetlc Gy
Ge(q?) = Fi(q») + 1, Fa(@%) 29 o — B2 1

’ — = U
Gu(q*) = F1(q*) +x,F2(q?) amz’ P72 Hp

® G, & G, : spatial distribution of charge and magnetization,
charge density distribution 8



e*e- — BB

B~ @ In one-photon exchange approximation

do _naZBC 2 2 1 2. .2
v deosy = 252 [1Gyl (1+cos 03)+;|GM| sin“0g]

B v’ Baryon velocity g = (1 — 4m%/s)°>

145

® Cross section at threshold T |

v" Neutral baryon: ¢ =0 T
v Charged baryon: ¢ # 0

S
T

® Coulomb factor C
v’ for s-wave only
v' C=1 @ neutral

v C:’;“ 1_6_1m/ﬁ @ charged

e'e —>pp

e o
tn ’s 75:
|

&
[

- - -
-

Coulomb correction factor
I I

5 2
ITW

)
T

1+1/2<

® Effective FF define as|6(s)| = \/""M'ZH/ZT";EF , proportional to ‘2/70930""



Baryon pair production

§1400— ey 2.0
v F - sn i + FENICE
i ;+_+_+—‘1—+—lf—+_‘t_*—'f— .............. . @ @ @ @ '% 1ol
- :’S B 6] Lt %0.5i e‘e" ->nn
F e'e -> pp )
e 19 20 24 22 23 24
0 e (MZE{?;} Vs (GeV)
® Cross section at threshold ;
v Charged: ¢ # 0 U # PRL 101 172001
v’ Neutral: ¢ =0 M

® G, & G,, form factor
® Search for resonance

| ||I|||::_}‘I|||

45 46 47 48 49 5 51 52 53 54
M(AL AD) GeV/c?

____+________ﬂﬂﬁffw _+_f_+_+__t+_+_+_+_ﬂt+_ﬁ
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R Value

Baryon form factor @ BESII|I

Initial state radiation (ISR) method

Iy v’ 4040 4420
1.3x10° 0.5x10° 0.5 fb-?! 1fb?
® BESO98 PRL 84(2000)594 e SN lv;“-!
® BES99 PRLEB(ZOO21OTBOZ | 4170
s —PP i | 3fbl 4600
o G =y= T
O narkl LWz B i 05fbt
o pluto 2.9 fb?
— 2175 ‘ L4
0.1 bt y i
n {' %} % Hi _. Scan:
I\ 41900-
F + t * % ﬂ. i-h. 4360 4280
%‘ 4230+4260 ‘ oot 56
% 3540_ 19 fb_l 1 2.0, }
- g0 T TTMTT T T
Thresholds 233 pb-l ‘- o i3 ‘.“::. '_: _-:H it
2 2 4 Ecm (Gefil)
= h_isrcostheta
il Geometry Acceptance (|cosé|) ie":n‘“ 46;5:“0;
MDC [0.0, 0.93) RMS 095
" EMC | [0.0, 0.80)U(0.86, 0.92) N
pP pair 42 - 58% VE=aney
Tagged | Untagged
ISR photon |3 oo 1 31 - 46%
10°
= e'e” — ppy
i EMC acceptance
10 ==
:I 11 1 l 1 11 I 11 1 I 11 1 l - I 11 1 I 11 1 l 11 1 L1l
-1 08 -0.6 4 0.2 0 02 04 06 08 1
cosf,
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Threshold enhancement

500

— Fit

BESIII prel

I 2Q 1
nHEary
BESIIl{unTagged)
BaBar(Tagged)
BaBar{unTagged)
CMD3

BESI

0.4

(n

o

%)
[

0.1F

® BaBar
O BESIII
m DM2

| PRD97,032013

\s (GeV)

\2-4|

400 T T T T T T Ta T T T T T T T T T T T _i_ 1_ T
L ] - : +A- — 4
L e'e — ALAL e e AC A 4
[ -8~ BESIII data 1
300 |~ =%= Belle data —
| —— BESIII fit ]
- PHSP model + B
-"E_ 200 | === Threshold -—[ * i _':
= i : i
100 |- + PRL 120 132001 -+
o g T
4.56 4.57 4.58 4.59 4.6
Vs (GeV)
®  BESII 2015 ® BESIIl 2014
® BESIIl 2012 ®*  BESII 2011
SND (2011 + 2012) —=— BES (1999 + 2004)
FENICE (1991 + 1993) —<— DM2 (1984)

NN AAXE EE 00 Achg
v LS : . @ : :
: P » = E . *
™ en*? : - : s .
ses ! e . e ®
L] s H
2 25 3 35 4 4.5
q (GeVic) 32



Size of proton

Electron scattering 1 o §

o { Hydrogen spectroscopy
————a—— CODATA 2006

m Muonic hydrogen spectroscopy

] » 1 . 1 R 1 L 1 ” 1 & 1 A 1 ) 1
0.84 0.85 0.86 0.87 0.88 0.89 0.0 0.91 0.92
Proton size (femtometres)
: *  Earlier measurements l l I I
I @ Punjabi et al.
1.05|- ¢ Crawford etal.
[ B Paolone et al.
| 1 4 Fon et al. (updats)
-_/ ‘l“[ ®  This work
1.00 = L — =
: [ g P
<@ [
= =
r 095
Jr:. I €L
= [ -
0.90 I Miller LECBM
| ——— Boffi et al. PFCCQM
B Faessler et al. LCQM
0851 Belushkin, Hammer & Meissner  ----. Friedrich & Walcher fit q
B de Melo et al. Updated global fit G
- . L ] . . . ] . . . ] . . . ] . 1 =N
0.0 0.2 0.4 0.6 038 _ﬁdﬂ =(r2 ) =r3
Q [GeV/c] dQ)?
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Relative phase between G¢ and G,,

® Complex Gg and G,,
v Gg = |Gg|e'PE, Gy = |Gy |e'®™
v’ Relative phase: A® = Op-Py
® A non-zero phase has polarization
effect on the baryons Py o« sin A®

® The angular distribution of daughter
baryon from hyperon weak decay Is:
d .
v ﬁ <1+ a,P,-q
v a, . asymmetry parameter

v @ unit vector along the daughter
baryon in hyperon rest frame




Relative phase between G¢ and G,,

® Helicity amplitude (PLB 772, 16)

V() =T(&) +nF(E)
~} (Z1(&)+ V1= nZcos(A®) Z(€) + 1 %(£) )
+apy/T—12sin(A®) (F(E) ~ Fi(E)).-

100¢
Louf I
80 g [
r =1 o™ ] 02 Al
g) L . 2 g 50 é‘ ’ 2: ‘] —+
F1(&) =sin”Bsin 6, sin B, cos @ cos ¢ + cos~6 cos B, cos B, ]‘?:: Z,_ o =
,’Jﬁ_(ﬁ):smﬁ'cus@(sinﬁlcusﬂzcus@+c056| sinB;cos @) 3 '" i-o.ozm
F5(E) =sin B cos O sin 6, sin ¢, 20 ?,
F4(&) =sin B cos O sin B sin ¢n ot e + . -om-: e s .
%(ﬁ) =cos’0 cos@, cos8
T (&) =cos 6 cos 6, — sin® @sin O; sin 65 sin @, sin P,.
G
Z£1=0.94 + 0.16(stat.) + 0.03(sys.) + 0.02(a,)
Gm

AD = 42" + 16 (stat.) + 8 (sys.) + 6 (a,)
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Summary

® The charmonium provide a good platform for studying
not only excited nucleon states, but also excited hyperons.

® \With largest charmonium samples in the world, a new
chance for N*, A*, X*, E*.

® Baryon form factor G¢ and G,,, threshold enhancement ?

Jhy 58M @ BES 1.2B 10B
v(3686) 28M @CLEO  0.5B 3B
y(3770) 0.8fb'@CLEOQ  2.9fb?! 20fbL

Xca Y(3686) — v xcy; @ (9-10) %

Nc(1S) Jy —yn:(1S) @ 1.7 %


mailto:0.8fb-1@CLEO

Baryon form factor @ BESII|I

BESIII 2015
BESIII 2012

SND (2011 + 2012)

FENICE (1991 + 1983)

® BESII 2014
*  BESII 2011
—=— BES (1999 + 2004)

—&— DM2 (1984)
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L1
4.5

q (GeVic)

p

=0

2+

Lum (pb'/10 MeV)
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oot b b b b by s by g by a1y

0 22 24 26 28 3.0 32 3.4 36 3.8 4.0

Ecm (GeV)

37



