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® VWarm up YY— TITT: main pieces
® yvYO) = TTTT : very preliminary results
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First look at YY*— TTTT using dispersion relations

¢ | ook first at YY— TTTT from dispersion relations and identify the
> Y

most relevant pieces (goal is doubly virtual case)

e Starting point: Low-energy theorem to build up the Born amplitude
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Look first at YY = TTTT from dispersion relations and identify
the most relevant pieces (goal is doubly virtual case)

* Starting point: Low-energy theorem to build up the Born
amplitude
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Decompose the amplitudes in Partial VWaves
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects (FSI)
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al.

e Left-hand cut with pion only
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(the right-hand cut is described by Omnes)
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al.

e Left-hand cut with pion only
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al.

e Left-hand cut with pion only
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Unitarized <
amplitude

Unitarized partial wave
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al.

e Left-hand cut with pion only

300 400 500 600 700 800 900 1000

W [MeV]

Pere Masjuan WG, Frascati, 2 1st April 2015 |1



Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation

* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al.

e Left-hand cut with pion only
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

¢ Phase shifts from Pelaez et al.
e Left-hand cut with pion only

At high energies:

150| ¢ =60 for s < 1 GeV?

V ¢ = for s > 1 GeV?
100 -

5g(W)

® = PRegge ~ 130° for s > 4 GeV”
50

(using the p and W Regge trajectories)
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

* Phase shifts from Pelaezetal
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include rescattering effects using Omnes representation
* Only 1111 (no KK..., no inelasticities)

e Phase shifts from Pelaez et al. 5‘] (5)
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do/d|cos(6)| [nb]
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Warm up YY— TTTT: main pieces

preliminary
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Warm up YY— TTTT: main pieces

preliminary results
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Warm up YY— TTTT: main pieces

preliminary results
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Include f,(1270) resonance with a Breit-Wigner representation
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(notice no helicity 0 component)
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Warm up YY— TTTT: main pieces

a la Morgan and Pennington ‘87ss

* Born diagrams + gauge invariance

. : . Mark Il
e Rescattering of FS: Omnes representation CE[LO
* Only TT1T (N0 KK..., no inelasticities) BELLE

* Phase shifts from Pelaez et al.
 Left-hand cut with pion only
e f2(1270) as Breit-Wigner
resonance (I=0 from

helicity 2 photons

-no helicity=0 component-

D> wave)
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do/d|cos(6)| [nb]

Warm up YY— TTTT: main pieces

differential cros_T_ section
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do/d|cos(6)| [nb]

Warm up YY— TTTT: main pieces

Mark Il
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do/d|cos(6)| [nb]

Warm up YY— TTTT: main pieces

differential cros_T_ section
Yy — T T
Mark || preliminary results |Impact of f; at high energies
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Warm up YY— TTTT: main pieces

o[nb] (Jcos(0)|<0.6)

Improvements:

- KK threshold: better description around | GeV
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[Pennington et al’08; 14]

(less dependence on the phase shift) [Mao et al,"09]

- include helicity 0 f,
- Include D Wave through phase shifts
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[Garcia-Martin,’ | 0]
[Hoferichter et al ’| |]
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YY — TITT: conclusions

* Warm up into YY—TITT (very preliminary results)

* |dentification of main ingredients
* For the first time: both exp error + model dep.

* Interesting region at low energies (role of f,)
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YY — TITT: conclusions

* VWWarm up into — TTTT (very preliminary results
> Y P Y

* |dentification of main ingredients
* For the first time: both exp error + model dep.

* Interesting region at low energies (role of f,)

Improvements:
- KK threshold: better description around | GeV

(less dependence on the phase shift)

- include helicity 0 f,
- D Wave unitarization through phase shift: correct wave interference)

- Use data at low-energies for subtracting
- left-hand cuts including higher vector states
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Flux Factor

10

YOV = 111T: flux factor
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YOVO) = 1T71T: form factor
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YOV = 1111 amplitudes
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q1 .

X(s,Q1,@3) = 7(s + Q1 + @3)° — Q1 Qs

/(5,1 Q3) = 5(s+ @ +QB)

Fi, F5 form factors

both photons are longitudinal
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Y*Y— TITT: main pieces

Improvements:

o [nb] (|cosf < 0.6])

_|_
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100 | -- Born N
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preliminary
60 |
40 |
20 | =

- KK threshold: better description around | GeV (less dependence on the phase shift)

- include helicity 0 f,

- D-wave unitarization through phase shift: correct Q? dependence and interference
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YY*— TITT: conclusions

* First glance into YY*— TITT (very preliminary results)
* | ongitudinal photon contribution

* Interesting region around and up to Q% = 1 GeV?
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YY*— TITT: outlook

* First glance into YY*— TITT (very preliminary results)
* | ongitudinal photon contribution

* Interesting region around and up to Q% = 1 GeV?

Improvements:

- KK threshold: better description around | GeV

(less dependence on the phase shift)

- include helicity 0 f;

- Use data at low-energies for subtracting

- D-wave unitarization through phase shift: correct Q? dependence and

interference Thank )’OU'
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