UPPSALA
UNIVERSITET

Hyperon form factors
- present and future

WE-Heraeus Seminar on Baryon Form Factors:
Where do we stand?

Karin Schonning for the BES IIl and PANDA collaborations
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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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Research

Key questions

Hyperon production ]
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Hypothesis
/[ Hyperon spectroscopy]
Nucleon mass === BRIV [<TL I RETS

/ diagnostic tool \

Nucleon spin

[ Hyperon form factors ]

Nucleon radius

[ Hyperon decay pattern]

Nucleon inner
structure
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¢ Systems with strangeness
— Scale: mg = 100 MeV ~ Aqcp~ 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

B
ete” - BB

B
BB - ete~
e B—-e B : : BES Il
e.g. JLAB unphysical region BELLE I| ,
PANDA PANDA g
-02 = q2 <0 g
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 Time-like FF's are complex:
— Ge(0?) = |Ge(q?)] - e~

— Gu(9®) = IGw(@?)] - e*®m
— AD(Q?) = Dy, (9?) - D¢ (g°) = phase between G¢ and G,

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

*Nuovo Cim. A 109 (1996) 241.
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Phase is production related and depends on g2 and scattering
angle 6.

Constraint 1. Phase result of interfering amplitudes (e.g. s- and
d partial waves)

- AP(g?) = 0 at threshold

Constraint 2: Analyticity requires TL FF ~ SL FF as |g?| — oo
-AP(g?) » 0 as |g?| = oo
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« Imaginary part polarizes the final state baryons*:

sin 20Im[Gg(Q*) G, (Q*)] /T Eg. 1

P, =— —
(|GE(Q?)|? sin? A (Q?)]2(1 + cos?0)
« Real part related to the % 05}
correlation between the =
baryon- and antibaryon S |
spin: 0

sin 7HR€[CTE(()2 G, QQ l/VT

Cln = _
: (|Gg( q%) \25111 0)/T + |GM QQ \2 1+ cos? ) 05k i
A 05 0 05 1
Eq. 2 cos6,
10

*Nuovo Cim. A 109 (1996) 241.
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Phase and polarisation

Advantage of hyperons:

Polarization experimentally accessible C j
by the weak, parity violating decay:

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

P, : polarisation

a = 0.64 asymmetry parameter ’

ﬂ-\_' 11
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Phase and polarisation

Challenges:

Polarisation depends on energy and scattering angle and
has impact on decay angles.

« Formalism needs to take this into account correctly.

« Acceptance depends on many variables.
« Large data samples required.

12
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Phase and polarisation

Challenges:

Polarisation depends on energy and scattering angle and
has impact on decay angles.

« Formalism needs to take this into account correctly.
« Acceptance depends on many variables.
« Large data samples required.

— Until now, no conclusive phase measurements exist!

Main focus so far on cross section / effective form factor.




Recent experimental results

« See talks and posters by:
— Monica Bertani (general time-like EMFF’s)
— Rinaldo Baldini Ferroli (anomalies in baryon EMFF’s)
— Xiaorong Zhou (EMFF’s of the strange A hyperon)
— Weiping Wang (EMFF’s of the charmed A_ hyperon)

14
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Recent experimental results

CLEO-c:

— Cross sections in the high energy limit (g = 3770 MeV

and g= 4170 MeV) of octet baryons and Q™.

— Claim evidence for effects from di-quark correlations*.

— p A X0 = = o
1.4}= uud wuds wuds wuus dss uss sss
1.2 +

1T +
0.8
0.6 ¢ +
0.4 ¢ +
0.2

L

A%

(a)

*PRD 96 (2017) 092004.

G (pb), y(4170)

0.7
0.6
0.5
0.4
0.3~
0.2

0.1I—

p A° X0 zF =

uud wuds wuds wuus dss wuss sss

SRS

= 0 A%
(b) —
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Recent theory predictions

04— : :

: R R o i

r ! = DM2 . : E

03 055 :

5 _,:0.42— —

o S 0.32— | ;
0.1F 02
0.1§—

AL e e

Vs (GeV) Vs (GeV)

Time-like EMFF’s of A studied by Haidenbauer and Meissner*.
Special focus on AA final state interaction.
AA potentials fitted to pp — AA data from PS185**

Predictions for a(ete™ - AA) and |G 4 :

Small difference between different

AA potentials*. *PLB 761 (2016) 456.
** Phys. Rep. 368 (2002) 119.
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Recent theory predictions
_ N 0.02————
3__ ¢ BaBar } ¢~
| TR
L — .‘;""J R
Lt 1 E
< . 1 S 001F
1- ﬁg\\ | N
*
D I S ¥ R - S ¥ 000 —""%5 0 05
\s (GeV) cos(9)

Predictions for R = |Gg|/|Gy|:
- Larger difference between different AA potentials*.
« Comparison to previous data*

Inconclusive. *PLB 761 (2016) 456.
** PRD 76 (2007) 092006.
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Recent theory predictions
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 Different potential models give different values of the phase.
« What do data tell us?

| *PLB 761 (2016) 456. | 1




=z New data from BES Ill @ BEPC |l

ol 7 - A SR SO - N, >
| Satellite view of BEPCII /BESIII {gae R

—

<< 2004: started BEPCII upgrade,
% BESIII construction
\ 2008: test run

“2 2009 - now: BESIII physics run
VAR b VR - &

. ,"

BESIII
detector

BES Il in Beljing, China, excellent for baryon TL EMFF’s!

19



BES Ill @ BEPC-I
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BEPC = Beijing Electron Positron
Collider.

Operates in the T-charm mass
region

W —

BES Il = Beljing Spectrometer
- Wide physics scope
- More details in talk by C. Rosner




A Energy scan 2014-2015

« World leading data sample between 2.0 and 3.08 GeV.

—
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i Measurement of A EMFF with BES Il

« Large data sample at 2.396 GeV.
 Exclusive event selection: ete™ - AAA > prn~,A - prrt:

— >4 tracks . o
within the MDC - | : id o
- p, > 0.2 GeV : :
~ p,<0.2GeV 5 “
— Vertex fit ' g\} "B G

— 4C fit Al

%S m OC.) 01 02 03 06 01 02 03
Pl(x*) (GeV) Bl(x) (GeV) 22

Events / 10MeV
Events / 10MeV
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Events / 1MeV

Invariant mass cut:

|M(pmt) — M,| < 0.006 GeV/c?

Nsignal — 555 i 24

Nigepanas = 14 £ 4

TR R T WL T R R .

-

-

- o -

Measurement of A EMFF with BES IlI
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Measurement of A EMFF with BES IlI

Cross section:

Nsignal

® T Le(1 + 6)BR(A = pn-)BR(A — pr*)

Effective

e=17.7%

L =669 0.02+05ph~! ?$\¢\
BR(A - pn~) = BR(A - prnt) = ()_\KQ/Q

form factor: S

orm factor e

2T 3q2

" 4
G(g®)| = |———==|0.123 + 0.003 + 0.004
1442 By

*PRD 75 (2007) 074026

24



. Measurement of A EMFF with BES III

For R = |Gy /Gy and Ad, formalism for exclusive measurement derived*:

7(c)=%(5)+n75(S)
—az (91(5)+ l—nzcos(A®)%(§)+n%(§)) Eq. 3

+oa v/ 1 =n2sin(AP) (F3(8) — Z4(S)) .-

<
N>

(01, 91)
—sin?6 sin 0, sin 6, cos ¢ cos P» + c0s2 0 cos 0, cos 6,

Z(8)

Fi(€)

(&) =sin B cos O (sin B; cos B, cos @y + cos 6, sin 6, cos ¢, )
F3(&) =sin B cos O sin O sin @,
Z4(S)
F4(€)
Z5(S)

. . . . .
=C0s 01 cos 6, — sin” 6 sin Oy sin 6> sin @1 sin P>

|
(62, 92)
T R2 . . . . ﬁ ./
> Is related to the angular distribution. 25
T+R *PLB 772 (2017) 16.




Events/0.02

.  Measurement of A EMFE with BES III

Eq. 3 fitted to data using an unbinned Maximum Likelihood fit.

Result;

—{R=0.9440.16 + 0.03 (£0.02 a)
| AdD = 42° + 16° + 8° (+6° ay)

—BES Ill PRELIMINARY

Most precise result on R

(BaBar: R = 1.73%027 in 2.23 < g < 2.40 GeV?¥)

First conclusive result on A®

(BaBar: —0.76 < sinA® < 0.98 in 2.23 < q < 2.80 GeV?*)
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Systematic uncertainties:
 New BES Il results on

J/¥Y - AA suggest
ap = 0.64 — ap = 0.75

— Impact on our A® result.

NB: Ad result at /] /¥ consistent

with our finding.

. Measurement of A EMFF with BES Il

Source
*(4C) cut .8 16.8
mass w1nd0 @’ 0.1 5.5
d1fferent cosBp | 1.3 6.8
3.1 18.9
@edﬂferent Olp 2.0 13.7

A®=42 3°+0.6°+0 5°

0.002}-

o |
= -0.002[
~0.004 |-

088 )/0.04

0.004:— ete” - (A- P"T_)(/_\ _1?5”4-)

oy
D

@«@‘

(cosfly)

1
N(f4)

1
=¥ Z (sin 0} sin ¢ — sin 04 sin @)

0.004 |-

0.002}-

@ ‘_a(t

~0.004 -

ete” - (A - pn)(A - an?)

-1

cos6,

L
0.5 1
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Possible to measure R and A® for 2%, 2%, and A?:
— Formalism available / under development.

— A lot of data on tape. \
UNEV

— More is coming!

e BESIII 2015 e BESIII 2012 S ‘

e BESIII 2014 e BESIII 2011
SND (2011 + 2012) —=— BES (1999 + 2004)

—— FENICE (1991 + 1993)—s— DM2 (1984)
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ANnihilation at
DArmstadt

Anti-Proton

Future at 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
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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 32
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Transition form factors accessible from hyperon Dalitz decays.
Possible in case of e.g. 22 and A(1520).
Theory predictions by Granados, Leupold and Perotti*:
— XPT and Dispersion Theory.
— Comprehensive framework developing.
— First calculations for 2% - Ae*e.
— Slope of G,, of special interest.
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la. hy, sm. by, sm. cut.
sm. ﬁA‘ sm. by, la. cut.
2 tla. hy, av. byg, sm. cut.
sm. f V. Dyg, la. cut. —eeeees A \
la. hy, la. by, sm.cut. s
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*EPJ A 53 (2017) 117 S s
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“i Possibilities with PANDA: Hyperons

Experimental challenge:

« Typically small predicted BR’s (103 - 10-6)

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

2
— Need very high hyperon

production rates!

E“EI_I cda y



“i Possibilities with PANDA: Hyperons

Figure from T. Johansson, AIP Conf. Proc. of LEAP 2003, p. 95.
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« PANDA is a hyperon factory!

« Large cross sections of e.g. 2° channels:
— o(pp » AZ® + c.c.) ~40 ub at 4 GeV

— G(ﬁp - EOZO) ~20 [Jb at 4 GeV EEI—-' @E



“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:
gN e g(Ae'e) 0.5 e(Aete™) s~t with
Nghgroo Ay i 0 ot o a .
s = BR(Z" — Ae'e’) (A7) PANDA Day One

.- 10-e(Aete™) s
Panr da with HESR design luminositys




“we - Possibilities with PANDA: Hyperons

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

Simulation studies underway!

gN e g(Ae'e) 0.5 e(Aete™) s~t with
Nghp o Ay i 0 o .
5 e e . . PANDA Day One
—— 10 - e(Aete) s !

EE Nda with HESR design luminosity?
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Possibilities with PANDA

Anti-Proton
ANnihilation at
hDArmstadt

While waiting for PANDA@HESR:
PANDA@HADES!

See talk by J. Ritman
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Summary

« Hyperons provide a new angle to hadron structure.

« Polarisation measurements give information about the
EMFF phase.

 BESIII:

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

— A\ Ratio R=|G¢/G,,| measured with unprecedented precision.
— A : Relative phase A® of G¢ and G,, measured for the

sCSII

— Can measure also 2%, 2%, 2~ and Af.

E“EI_I da
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Summary

« PANDA:
— Hyperon transition FF’s accessible in Dalitz decays:
PANDA a hyperon factory!
— Until then: PANDA@HADES

sanaa BCSII
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Thanks for your attention!
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