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Nucleon and hyperon form factors
with BES Ill and PANDA

ECT* workshop on space-like and time-like
electromagnetic baryonic transitions

Karin Schonning for the BES |Il and PANDA collaborations
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Outline

 Why hyperons?
« Time-like form factors
« BES Ill at BEPCH-II
— Recent EMFF’s measurements
— New energy scan
« Possibilities with PANDA at FAIR
 Summary
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What happens if
we replace one of the
light quarks in the proton
with one - or many -
heavier quark(s)?
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¢ Systems with strangeness
— Scale: mg =100 MeV ~ Agcp= 200 MeV.
— Relevant degrees of freedom?
— Probes QCD in the confinement domain.

e Systems with charm
— Scale: m_ = 1300 MeV.
— Quarks and gluons more relevant.
— Probes QCD just below pQCD.
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Space-like vs. time-like FF’s
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>
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Q=4 q= =0 0% = (Mgy—Mgy)? % = (Mgy+Mg,)? 9
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4 Time-like form factors
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* Time-like FF’'s are complex:
— Ge(0?) = |Ge(q?)] - e~
— Gu(@) = |Gu(@)] - "™
— AD = @,, - O, = relative phase between G¢ and G,

* The phase between G¢ and G,, — polarization effects on the
final state even when the initial state is unpolarized.

BES]]I (panda
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= Measurement of TL EMFF’s

S — (

Energy dependence of the total cross section: Effective form factor

201Gy Q) E+1G@)F o goane,

o(BB) o F(Q*) '= =)

Differential cross section:

do a°pC| . , 1 oo e }

= G 1+cos @)+—|G sin“ @
10~ 402 _(I v Q)| ( ) Tl =(Q) | )
— Ratio R=|G./G,| 5

_, Straight-forward to access for most baryons.*

35—

------ G_I=IG,|
— G I=2IG,,

30—

25

_\ L1 ‘ L1l ‘ L1 1 ‘ L1 1 | L1l | L1 1 ‘ L1l | L1l | L1 1 | L1l
-1 -08 -06 -04 -02 O 0.2 04 06 038 1
cos(®)
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The EMFF phase and polarization

A
3

A
m

Recall: Relative phase A® polarizes final state.

Unpolarized beams + strong or EM production: non-zero
polarization allowed normal to the production plane.
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Approach by Dubnickova et al.*

« Imaginary part polarizes the final
state baryons:
sin 200Im|Ge(Q*) Gy (Q%)] /T

~. The EMFF phase and polarization

Polarization

M

U.o

)

P, =

« Real part related to the correlation

(|Ge(Q?)2sin? 0) /7 + |Gar(Q?)2(1 + cos? 6)

spin: -1 0.5 0 0.5 1
O sin 20 Re[GE(Q*) G, (QH)] /T cos6
Im :

" (IGB(g?)2sin?0) /7 +

Approach by Faldt and Kupsc**:

C;g.,f(f_r-gg)|2(1 + cos? 9)

Multi-dimensional fit of the joint angular distribution of the hyperon and its

decay products.

*Nuovo Cim. A 109 (1996) 241.
** hep-ph 1702.07288




Measuring the polarization of
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hyperons
Polarization experimentally accessible
by the weak, parity
violating decay:
g p

= 4 X
Example: Angular distribution of A—pTr- decay Py /
I(cos6,) = N(1+aP, cos6,) A

P, : polarisation )

a = 0.64 asymmetry parameter K
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Nucleon vs Hyperon EMFF’'s

Protons and neutrons:

— Time-like FF’s should
coincide with space-like
at high [g?|.

— Data:
 Two structures

* TL FFs 2 times larger than
SL FFs at high |g?|.

Form factor

05

0.4F

0.3

0.2}

0.1F

0.0

proton Sabar

BEEN
FEMICE
CLEO

|
Ob % %0 @

18 20 22 24 26 28 3.0 3.2 34
Mpp(Gewc"’)
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Nucleon vs Hyperon EMFF’s

 Protons and neutrons:

05} roton :
— Time-like FF’s should [ P ol -
coincide with space-like 04 *  FENICE =

. O N ¥ CLEO
at high |g?. © - s E7o0 .
S 0.3F 0 B8 -
— Data: g o2f "‘%\L :
* Two structures L - ‘H { -
« TL FFs 2 times larger than  0.1F ¢+4T-;-L_ =
SL FFs at high |g?|. - ?H*j .
0.0 18 2.0 22 24 26 28 3.0 3.2 34

- Hyperons: M_(GeV/c?)

- Difference between nucleon and hyperon FF — SU(3) symmetry?
- Currently the best way to study hyperon structure.
- Polarization observables experimentally accessible.

- Data: very little published so far *.
* BaBar PRD 76 (2007) 092006.



o BES Il @ BEPC II

r“ -~ S B ORI x 3
Satelllte view of BEPCII /BESIII ¥ ’-" 4

—

e ’\c -

< 2004 started BEPCII upgrade
S BESIII construction
>\ 2008: test run

“2 2009 - now: BESIII physics run
VAR b ook > A

BESIII
detector

BES Il in Beljing, China, excellent for baryon TL EMFF’s!
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BEPC = Beijing Electron Positron
Collider.

Operates in the T-charm mass
region

© BES IIl @ BEPC-II

BES IIl = Beijing Spectrometer
- Wide physics scope



R What can we do with BES I11?

e Mgy, Y
Ilrﬂﬂﬂ.-'ﬂfﬂﬁ
Direct production Initial state radiation (ISR)

- Measure ete™ - NN,A A XA, 25, E8,QQ, and A A, in direct e*e
annihilation in the continuum between Q ~2 and Q ~ 5 GeV.

BCSII

« Measure ete™ - BBy,;qr in
Initial State Radiation with the 2.9 fb-l at Q = 3.773 GeV.




Proton EMFF’s ine*te™ - pp

—h
Q

Form factor
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Published in PRD 91 (2013) 11 112004

BCSII

T UL lll

]’ T T
e
0y

O P % % O & o —

l

T T T T
BESIII

BaBar
BESII
FENICE
CLEO
E760
EB35

|

L

f

il SRS U TR SO TN AU SN TN N TN SO NN AU TN U AN SN NS Y P
22 24 26 28 30 32 34 36
Mpp(GeV/cz)

G/Gud

Recent results from BES I

Pilot data scan in 2012 for EMFF
measurementin ete™ - BB.

- Effective FF and ratio R = “/; .

2-() rrrt [ v r T [ r¢r g rr &t r T T 1

18 o BESII
' & BaBar
1.6

PS170
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Recent results from BES Il

Hyperon EMFF’s in ete™ - AA

Same scan data as in the

BaBar data.

E 0o7g, - " b TS proton EMFF case.

- } « BESIII 5

.g 06F . BaBar 7 + Preliminary: Effective FF at
o OSF 4 4 energies.

& : R 3

R o04f \\\l\\\\\P\ 7+ More precise than ISR

* Preliminary: Interesting
threshold behaviour.

Illl]l

35 * Publication under
M, . (GeV/c’)  preparation.
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Recent results from BES I

The charmed A hyperon EMFF’s in ete™ —» AT AZ

= 400
=2

p—

© 300
200

100

—T T~ T 1 5 T —
C ee o AVA, ]
C @ BESII data ]
i Belle data ]
[ ==== Threshold : I # ]
- — BESIII fit * b
- : N
| : NP\?‘ i
i Rg\,\‘\“\ 1
- = \\\? —
- Q€S 1
- L N T N S :.,
4.56 4.57 4.58 4.59 4.6
\s (GeV)

BCSII

First direct
measurement of A}
EMFF’s.

Most precise cross
section measurement
so far.

Data very close to
threshold.

Publication under
preparation.
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Recent results from BES I

The charmed Af hyperon EMFF’s in ete™ —» AfA;

300F

200f

Events / 0.2

100 |

rrrrrrrrrrrrrrrrrrr

400F Vs = 4.5745 GeV

Events /0.2

ok

« Angular distributions extracted at V's = 4.5745 GeV and Vs = 4.5995 GeV.

6000

4000

2000

vvvvvvvvvvvvvvvvvvv

%,7,‘c?¢£=4——+——¢ézr=;§§=‘s:’é
: @
05 0 05 1

« Ratio |G¢/G,,| of A¥ FF’'s measured for the first time.

sCSII

Vs MeV |Gg /Gy
4574.5 1.10 + 0.14 £ 0.07
4599.5 1.23 £ 0.06 £ 0.03
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New energy scan 2014-2015

« World leading data sample between 2.0 and 3.08 GeV.

—

’8107

* Nucleon = 10¢
S

and strange ~ 1¢°

hyperons 104

EMFF’s 10°

available. 10°

10

1

107"

? BESIII 2015 e BESIII 2012

= BESIII 2014 e BESIII 2011

= SND (2011 + 2012) —=— BES (1999 + 2004)

é— FENICE (1991 + 1993)—— DM2 (1984)

= NN AAXY EZZ Q0 AcA,

= . | o ¢ | |

= o0 ® e  ° ’

— oo | o T o

. ®eq P o e © |

= 1 e s e O i.

i : .

=0 oo o

Tt |y AT I N I I T Y
2 2.5 3 3.5 4 4.5

q (GeV/c)



UPPSALA

New energy scan 2014-2015

Proton: expected precision of effective FF between

-0.3% at 2.125 GeV
I |
1306 at 2.8 GeV & World leading! >

O-Born (q2)

G(q®)| =
(1 + 2M?2 )( 47&'0:2[30)
q? 3q?
O —— BESIII (scan 2015) - MC) ()5 [ —— BESIlI (scan 2015)-MC) "y 5 [ —— BESIII(scan 2015) - MCJ (*)
=0.9k —— BES3 0.35C —— BES3 = —— BES3

§ —+— BaBar tagged r —+— BaBar tagged 0.06 —+— BaBartagged
0.8p BaBar untagged s BaBar untagged H BaBar untagged

: —— BES2 0.3 —+— BES2 [ —+— BES2
0.7F —— CMD3 g —— CMD3 0.05 —— CMD3

; Fenice 0.25F Fenice N Fenice
0.6f: —=— CLEO =9t —=— CLEO 0.04k —=— CLEO

—+ PS170 - —— PS170 i N —— PS170

0.5( ’ —= E760 0.2f —=— E760 ' 1‘1]}& —= E760

i - E835 - E835
o4 E835 g 0.03: _l_

]l]i+an 1 0.15f; “
0.3 T g - 2

++;l|-.1£_,,;ﬂ_,_ o __+ 0.02f |
02 e, Ot i [ !
X _l_'l_l_, 0.01 |

0.1 0.05f- 't : s

N NP P PP P Y P P ST T I BT I T I T P T B P P T

19 195 2 20521 215 22 22 23 24 25 26 27 28 3 32 34 36 38 4 42 44

q (GeV/c) q (GeVi/c) q (GeV/c)
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L Time-like
) " :”‘EE : —e— BESIII (2015) (Monte Carlo)
Proton EMFF's: : W28k . e pesi

—_ [ —a— BaBar
N 2 | —e— PS170
. i || —=— CMD3

i

'.|.§-'..|...|...|...|...|...|...|
18 2 22 24 26 28 3 32
g (GeV/c)

« At 16 energies, ‘Eg
R=|GL/G,,| ¥
accessible.

1.5}
f

0.5t

) Measure .o.u 2.0 ‘ 4.0 | 8.0 | 8.0 | 10.0

0° (GeV®)

|GE| ah d |GM| 0_353_ ~ ggg:” (scan 2015) (Monte Carlo)
with similar o.a;TT”"
precision as in space-like region. 025 N}
02 | s
» Possible to resolve inconsistency 015 "'l’
between BABAR and PS170. oaf |
0.05f . .4
* Analysis in progress. 5T 27 24 26 26 3 3

g (GeV/c)
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Neutron EMFF’s:

ew energy scan 2014-2015

« Unique data samples above 2.0 GeV.
« Expected precision from 6% - 13%.
» First measurement of neutron R=|G./G,,| possible!

* Analysis in progress!

—&— Fenice 1998: nn
—®— SND 2011/12: nn

®
8

2
8

A
8

Monte-Carlo Analysis 1: nfi (*)
—%— Monte-Carlo Analysis 2: nn (*)

o
8

Cross Section [pb]
g § B

1]
o
[=]

b
Q
[=]

200

|||||

(*) Phokhara v9.1 [arXiv:1407.7995v2]

G|

— 48—
S8

0.6

0.5

0.4

0.3

0.2

om -

BESII

_IIIIIIII\|IIII‘I

—$— Fenice 1998: nf
—— SND 2011/12: nAi

Monte-Carlo Analysis 1: nf (*)
—— Monte-Carlo Analysis 2: ni (*)

q (GeV/c)
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New energy scan 2014-2015
A hyperon EMFF's:

8.5

e 6 points between 2.23 - 2.9 GeV.
unprecedented data samples. 3

® BABAR *

< BESIII, if R=1

o BESIII, if R=2

* 4 points: R=|G./G,,| accessible. 25

« At2.396 GeV: 2
— Polarisation .
— Spin correlations
— first phase A® measurement!

0.5

Lo %

Analysis in progress.
II|II|III|III|III|III

Besm 21 22 23 24 25 26 27 28 29 3
E in GeV
* BaBar PRD 76 (2007) 092006.
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Anti-Proton

Possibilities with PANDA
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The High Energy Storage Ring
(HESR)

« Anti-protons within

1.5 GeV/c < pppyr < 15 GeVic

Cluster jet or pellet targets

Day One luminosity: 1031 cm-2s1

< The PANDA experiment at FAIR

" ‘l‘ll""' "y
L)

\' {/
g ,
8 e
) ¢/
S %

Dipole magnet = Samam
~ ! Quadn poa magnet % (from SIS18)
-+ # Sextupole magnet 4

= Saolanoid =l
= spacer for skew quad -
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njection equipment

! %, -
= "34_
g b 3 Version 9.1.1
]
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The PANDA experiment at FAIR

Target Spectrometer Forward Spectrometer

\
Interactl

point
41T coverage « Vertex detector
Precise tracking * Modular design

PID

« Time-based data acquisition

Calorimetry with software trigger 28



A Possibilities with PANDA: Protons

Proton TL EMFF’s via pp — ete”

« PANDA can study the high g region [EPJ A2 (2016) no.10, 325
— bridge to the pQCD = 3

B . BaBar
-l 5 = LEAR
limit: SL-TL 251 + FENICE+DM2
ey ege - + K835
compatibility? : BESIII
2 = PANDA sim I
. L PANDA sim 11
« First measurements i . PANDA sim muon
with final state muons, - ]L
—_ + - 1_ 'i
pp 2 H K1 . C Iy
 Unphysical region "55‘ | panda I
! I | | |

accessible in pp - ete™n® oo




Possibilities with PANDA: Hyperons

Transition form factors accessible from Dalitz decays
(see talk by S. Leupold)

Possible in case of e.g. 2% and A(1520)

Typically small predicted BR'’s b3

(103 - 10°%)
A

QED prediction for BR(Z? - Aete™): 5-103

| TN

— Need very high hyperon production rates

panda
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~wiw - Possibilities with PANDA: Hyperons
Wﬂﬂ?--lw'w'"'|""|""|""|-'E LRI IR B "'|"'|"'|?
WE e dehetn Py
—  f f. . T3 ; "1‘: e SEr 3
L 10" o =5 ’ ¢ oIY =
E ! T T I O T
© IE » L3z
[}.];— = -EE"_ v % H 1 - Z'E —;.
0'01‘; II.ISHHI.lF;HI;L.T:HIII‘FEI '||.9'”'zl.ﬁ'”2. .||.||..¢||..71'|..|...||4.

Momentum [GeV/c]

« PANDA is a hyperon factory!
« Large cross sections of e.g. 2° channels:
— o(pp » AX® +c.c.) =~40 ub at 4 GeV

— o(pp » 2°2%) =~20 ub at 4 GeV

Momentum [GeV/c]

C ﬁ:a nd =




“i Possibilities with PANDA: Hyperons

- Simulation study of pp - AX? +c.c.,2% - Ay
by S. Grape (PhD thesis, UU 2009):
20 production rates of

- 30 st at Day One luminosity
- 600 s1 at design luminosity

« Back-of-the-envelope calculation of the Dalitz decay

rate:
dN,\e . de BR(E® > Ac*e- E(Ae e 0.5 -e(Aete™) s™1 with
E(A;V) PANDA Day One

I:I E 10-e(Aete™) s
with HESR design luminosity




“we - Possibilities with PANDA: Hyperons

With a Ae”e efficiency of 10% and Day One luminosity,
we would get
> 1000 events per day!

0.5-e(Aete™) s~1 with
PANDA Day One

10-e(Aete™) s
with HESR design luminosity
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Possibilities with PANDA

Anti-Proton
ANnihilation at
hDArmstadt

While waiting for PANDA@HESR:
‘HADES+PANDA"!

See talk by J. Ritman
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Summary

« Hyperons give an additional dimension to hadron structure.

« Polarization measurements give information about the
EMFF phase.

 BESIII:
— New results for p, Aand A} EMFF’s

— Unique large-scale energy scan — world-leading data samples
for baryon EMFF measurements.

— Ratio R=|G¢/G,,| accessible for nucleons and hyperons.

— The phase A® between G¢ and G,,

for A and A * accessible for the first time

C ﬁ:.EI nd =
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Summary

 PANDA:
— Proton TL EMFF’s feasible in a wide kinematic range
— Unphysical region accessible in pp - ete ™ n°
— Hyperon transition FF’s accessible in Dalitz decays:
PANDA a hyperon factory!
— Until then: HADES+PANDA\!

(panda BGSI[[
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Thanks

10N

for your attent
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Alternative approach* :

Multi-dimensional fit of the joint
angular distribution (€ = (0, &, 0, &1, 081, d1)):

7(S)=2(8)+aZi(S)+V1—asin(AP). 7 () + V1 — o cos(AD) T5(8).

where
D) = 1- (00529 COs Oy cOS +sin295in¢)| sinqﬁl) sin B sin O;.
T(E) = cos’0+ax (sin29 cos 6 cos B; — cos @ cos ¢y sin B sin 6y ) ,
P(E) = —ancosOsind (cosO —cosb), *F3ldt & Kupsc
F(E) = —o3cosOsinOsin6;sind; sin(P; + @;). hep-ph 1702.07288)




