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= yy—MM has the cleanest background to probe
hadron structure. - —

Equivalent photon
approximation

1

4 ~ g, ~ 0




= The scalars
and tensors
appear in
such
processes
are rather
interesting.

Jaffe
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Tensors

= They are 99, or4q + ££ . Their photon
couplings are interesting as the connection to
scalars. If sigma is the companion of f,(1270)
with (zu + dd)/v2 composition, in quark model it
has

(o —vy)
I'(f2 = 77)

Mg ) n=3, Coulomb potential

'2' by F.E. Close et. al,

PRD43 (1991) 2161 _ _
n=0, linear confinement



= What is scalar? The same quantum number
with QCD vacuum.

J L New physics?

997827 994 :

structure

Part of them
| locations

A

»ld

Almost doneg
v O++ Existence




Fit to get i - KK
coupled channel
scattering
amplitudes

Strategy

With Final State
Interaction
Theorem we
construct di-
photon
amplitudes and

< .

fit to the data

\_

J

Extract the
photon
couplings and
discuss the

structure.
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__ " 2. Hadronic scattering

= tn-KK coupled channel scattering
amplitudes

= We use K-matrix to represent S and D
partial waves, with Isospin=0 .

K
1—ipK
= For Isospin 2 partial waves we use the

parametrization of Constr\ai‘nt Fits to Data IV
(CEDIV).

T =

Pelaez et al.
PRD83 (2011) 074004




_ " Hadronic scattering

= i - KK scattering inputs
= Data on Phase shifts and inelasticities of
nt - KK coupled channel scattering.

= Dispersion analysis based on symmetry

and fit to data:

« T-matrix of Tt scattering by CFDIV) .

- tn—KK amplitudes given by Roy-Steiner
Equation.

Descotes et.al
EPJC33 (2004) 409




" Hadronic amplitudes

= Tt scattering inputs

= BABAR's Dalitz plot analysis of D,t—(n*n)mt
and D, —(K*K-)rt* process.




Data: phase shift and inelasticity

= i phase shift and inelasticity
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Data: phase shift and inelasticity

= Qur fit
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Data: phase shift and inelasticity

= ot — KK phase shift
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Data: phase shift and inelasticity

= our fit
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They use Roy like equation and take crossing

symmetry, unitarity into account.
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"“BABAR's Dalitz plot analysis

= KK threshold region is quite important as it is
around f,(980).
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Final T matrix

= We only list tn-KK coupled channel S-wave
here, for Isospin 2 waves we use CFDIV.

* The ©n - w amplitude has been given in the
past page.

T, (KK—KK)

T (nn—>KK)

rReT
04 06 08 10 12 14 04 06 08 10 12 14
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= . :
Poles from hadronic amplitudes

= pole locations in different Riemann sheets. |t
also gives hints for structure.
Dai,Wang and Zheng

Morgan NPA543 (1992) 632.
Pennington arXiv:1003.2549 [hep-ph] ?21(-)?2)7:?812) SO S

I?
KK molecule: Brei%gner origin?

Resqnance II III/

o 0.441 — 10.272 [[0.386 — 70.108]
o(980)  [[0:005 — 70.042
fo(1370) | 1.423 —i0.177 | 1.406 — 70.344
f2(1270) | 1.270 — i0.081 | 1.267 — i0.108

Table 4: Resonance pole positions on /s plane in unit of GeV.
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3. Photon-photon collision

= With Final State Interaction Theorem (FSIT),
We can construct the amplitudes of photon-
photon scattering into meson pairs:

]:b(“,")f—nwr;s) UA( )TJ(M—> i 8) + am( )TJ(M—H&IX s),

]:5,\(')"';/—>Fl\f;s) am( )T](mr—> KK;s) + am( )‘T}(F[\”%FK;S).




‘%hoton-photon collision

= To constraint the di-photon amplitudes,
we follow such steps:

= \We use dispersion relation to calculate the
amplitudes below 0.6GeV, and give errors.

= Fit the overall yy—nr and yy—KK datasets,
get a very narrowed patch of solutions.



" Low energy di-photon amplitudes

= There are contribution of left hand cuts(LHCs), right
hand cuts(RHCs) near real axis in F!},.

= According to FSIT, its phase should be the same as
that of hadronic amplitudes. Thus we define

Fipn=Ply Qly,
where P!, has only LHCs, and Q!'},, contains RHCs.

G o0 sl !
Q{]/\(S) = exp (;/ dS, Y’J)\(«S ) )

T s'(s' — s)

<th

= Now @'}, should be continued to high energy region,
but it only give error bands for the low energy
amplitudes.



EBW energy di-photon amplitudes

= Below 1.5 GeV it is from our fit, above 2 GeV
from Regge behaviour.
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Phases and Omnes function
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Dispersion relations

"= Now what we need is the LHCs P}, , It is
divided into two parts: Born term and other
cross channel exchange terms. When s<0:

Im FJ, = ImB,(s) + Im L, (s)

D
e
unitarity
Complex s-plane
-1.5 -1.0 -0.5 0.5 1.0 1.5

0
s (GeV)?
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Veétg’i’, Axial-Vector, Tensor contributions

1
= LHCs of p,

w, aq, by,

h, give an 056
error band 4
of low

0.8

energy i
amplitudes, | =

= Remain |
parts are

parametriz %+ |
edasan
effective

pole 'T". i
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Dispersion relations

= Low's low energy theorem tells us that:
Fi(s) = Biy(s) ass—0

= Thus we can write a twice subtracted
Dispersion relation on: (F-B)Q-1

}—éo(s) = B(])O(S> Q(I)O '

g Q(I)o /d ,Im 5(1)0 Q(I)o( " e

5/2 .S’ _ )

g2 I 1 n—1
Solved by ChPT Qoo / 2 ,Boo (s’ Im )( s') ]



Amplitudes for D-waves

= For D waves, we have
Filo— B}y, ~ s*(s—4m?), Fj,— Bj, ~ s(s—4m?),

= Thus we write dispersion relations on
('F(S) = B(S))Q_l(s)/sn( Am2 )J/2

o= m" g1 [ a2 (L7 ()] ()"

sm(s’' — 4m2)(s’ — s)

s"(s — ~’/2 /d ,BJ)‘ ) Im [Q],(s') 7]

s"(s 47712)(5’ —s)



Dispersion relation

= Now we get information in complex plane.
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Constraints on low energy amplitudes

* Finally we have the bands given by dispersion

relations:
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o(nb)

300

200

100

= With these constraints, we fit all datasets.
= Here we present the integrated cross sections with

limited angular coverage.
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= : :
vy—7rtn integrated cross section

f,(1270)
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= . :
vW— 70 integrated cross section
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: i‘nté%rated cross section around ,(980)

= A small peak near f,(980)

120 ——

= Belle n'n Sol.I = Belle_n'n’ Sol.I
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m(z'n) GeV m(z'r') GeV



~ Why angular distribution?

= why angular
distribution is so
Important when
the integrated
cross section
has been fitted?

= We only have
the limited
angular
distribution, is it
possible to
predict the full
coverage ones? -

08 r
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Differential cross section

= The differential cross section:

do s)
10 - 158(_"2 [|\‘[+ ? 4+ My ]

= And the helicity amplitudes are given by
M, (s,0,0)=€’V16m Y  Fyo(s)Yso(6,0)

J>0

M, _(s,0,¢)=€’V16m Y  Fys(s) Ya(6,0) .

J>2

= For the integrated cross section, S-D, waves will
interfere strongly through 1-1.4GeV.

= Angular distribution it is more efficient to
distinguish each ipartial wave.



~yy—nr angular distribution

= we can

predict the ¢

full cross 0.6 -

section if we ,,

know each

. 0.2 -
partial wave.

= The angular '
distribution -02 -
IS helpfulto ;4
seperate g
each partial
wave. -0

-1
-1.5
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Prediction of the full angle coverage

= Only with
the full
coverage
amplitudes
can we
predict the
couplings.
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?y‘—>K+K- integrated cross section

150 +

If only fit yy—nm, we will get a region of solutions. yy—KK
Is helpful to select solutions.

The integrated cross section data has large error bars
and the events shape data are not coincide with each
other.
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B

1Y—KOoKO integrated cross section

= The latest KsKg data of Belle make the accurate couple
channel analysis possible. Especially the angular distribution.
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Only with
the full
coverage
amplitudes
can we
predict the
couplings.
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= To get the information of scalars, tensors, we
need the individual partial waves(of course,
with full coverage of angular distribution).
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" vy—nr individual partial waves, 1=0
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- Breit-Wigner photon widths

= From a Breit-wigner description

0.~ (res.peak) Mg Ty

(R — vy) =
(H=7) 8m(hc)2(2J + 1) BR

= we get:
» ['(f,—yy) = 3.2810.37 keV
* ['(a,—yy) = 0.94+£0.10 keV
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Extract photon couplings

= A more efficient way is to extract the photon
coulings from different Riemann sheets.

T =BT, T" =B, T, TV =By T

/ 1+2i:) 7 0 ! |

i _ = ha | :

F* = ByfF = —2"P1T1'12 1 F l/ I | Il
1+2ip1 T/, " |
1+2ipa Ty,  —2ipaTy .

n _ = det S det S ’\\

FT = Buf = —2ipy T,  142ip, T}, £ N i I
det S det S IV S W \
1 —2I'p2T2I}

FV' = ByF= ] btdeeln 1 F.

1-|-2ip2T2Iz
Xiao&Zheng

CTP48 (2007) 685



= |n the third sheet:

 Fl(zin)S22(zm) o F3(zm)2ipa(zin) T31(zm)

=i (det S)(zm) (det S) (zi)
~ F{(zm)2ips(zin) Tip(zm) o Fl(zin)S11(zm)
Bk = (det SY (zn) (det SY(zi)
5 Sao(zmn) 3 S11(zm)

& = Diprdet S'(zm) * 6K T 2ipadet S'(zm)



Extract photon couplings

= With Fy=a,(s)T4(s)+a,(s)T15(s) we simply
have

h

gyy = a1(Sr) gar + @2(sR) 9Kk

= Sh represents for Riemann sheets II and III,
Our translation of couplings into

1 |
I R — YY) = - 2
( ) 4(2J+1) mp 91




pole locations gy = |gle™ I'(fr=m)| A=0
State | Sh , . C.L.
(GeV) Iy | gl (GeV) | ¢ (°) (keV) fraction %
374003 | 172 r
o || 120—d008t [ 20| 03TEO0 | 11356 | 3soi0a1 | Bagra || #ee
Dy | 1.24£0.08 | 176+£5
f>(1270)
3510.03 -
m || 1.967—i0.108 | D0 [ 0352003 | 16846 | POtz | bssr || #+ee
Dy | 1.13£0.08 | 173£6
as(1370) | 1V [| 1.313-0.053 | Dy | 0754004 | -139+2 | 1.14+0.11 ot =
fo(300) | T [ 04410272 | s |026+001 | 10743 | FUGTOIT]| 100 | e
£f00080) | 1 || 0095-i0.042 | s [o016+001| 18543 | P32x003|| 100 | ##e
I 1423 —-:0.177 | S | 1.00£0.10 [ 5+1 94x1.9 100 ’
fo(1370) | .
I || 1.406—-140.344 | S ]0.70£0.12 | —149£7 | 4.7£1.5 100 ¥




=,

“Comparing with some models

composition prediction (keV) author(s)

— 4.0 Babcock & Rosner

f,:2.95+0.43keV W
< 1T Giacosa et al.

0: 2.061£0.22keV 7

?

Bames

Giacosa ef al.

Achasov ef al.

Bames

fo:0.32+0.03ke

Hanhart ef al.

Narison et al.




n=3, Coulomb potential

n=0.7-1.3

'2' by F.E. Close et. al,
PRD43 (1991) 2161 n=0, linear confinement



5. Summary

Including all new datasets and analyticity, unitarity,
crossing symmetry, we perfom an amplitude analysis on
photon photon collision.

With these amplitudes we extract the accurate pole
locations and photon couplings.

fo(980) is most likely to be KK molecule, though a
Sitrlicillfe  combanation with gq is still possible.

Both theory and experiment effort are needed for deeper
Lira? understanding.




Thank You For your patience !

This is not the end,



Prospects
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