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Motivation

Production of n-meson in NN collision is not well understood.

Interaction of eta with nucleons using direct scattering experiments
difficult.

Study interaction by production near kinematical threshold
Mutual interaction will show up in differential cross-sections.

ppn system can be described by 12 variables, 7 are fixed by E-P
conservation and particle masses

Invariant mass distribution of pp and p-nj system

Orientation of the emission plane (0, ,¢,” ,v,,")
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Excess Energy Detector

10, 15.5 MeV COSY-11t2
16, 37 MeV PROMICE/WASA3
16,41 MeV COSY-TOF4
40, 72 MeV CELSIUS/WASA?®

324,412, 554 MeV DISTO®

Previous measurements for pp—ppn

Conclusions

*Angular distributions—isotropic

‘m2__. m?2__—show deviation from phase space
pp ' pn

*Explanation - pp FSI but enhancement at m#, could

not be explained

*Angular distribution of n—anisotropic
*Explanation - Ss/Sd interference

*Angular distributions—isotropic

*m?,,, m?,. —show deviation from phase space
«Can not be explained by pp FSI alone

» Angular distributions—isotropic

m2__. m2__—show deviation from phase space
pp Pn

*Explanation — contribution from higher partial waves

«Angular distribution of n—anisotropy at lowest energy

«anisotropy disappears as the energy increases

*Explanation - N(1535) resonance and no need of higher

partial waves

No consistent explanation yet available!
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G))) WASA-at-COSY Detector
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Central Detector (CD) Forward Detector (FD)

. For ppn dynamic study pp—pp (n—3n) is chosen
> Data taken at beam energy 1.4 GeV (Q =56 MeV)
> Two charged track in the forward detector

> Six neutral clusters in central detector
MENU2010



C )} 1dentification in forward detector

. Identification of protons by using AE-E technique

.~ Calibration: Deposited energy — Kinetic energy
~ Theta and phi from Tracks
- Reconstruct four vectors of each proton

Proton identification
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G)» Missing mass of pp

. Missing mass of two protons

2 2 2
MM * = (Ebeam - Epl o Epz ) _(Pbeam o Ppl - I:)p2 )
Good mass resolution in forward detector helps in n tagging
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G))) Kinematic fit

> Kinematic fit is used to improve measured quantities by fitting
known values and constraints.

> The measured variables are adjusted within experimental errors so that
the constraint equations are satisfied with minimum error.

. Confidence level : CL(;gZ)zl—jP(;(z,n)d;(2

Probability distribution

P(x*,n)= N X
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C Kinematic fit

Confidence level:

> Constraints :

105L ® Data
: ---- Monte Carlo sum
Energy-momentum balance — 4 ol
n? invariant mass — 3 c .

No constraint over n mass
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G))) Total cross-section

» Total 9.7x10° events of n—3x° from April-2007 data

7

» we have production cross-section of n,

o = (9.83% 0.03,,+3.47,,) b

Normalization is the major source of error.
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0 Observables for ppn dynamics

B WASA-at-COSY data

L - Phase space
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Conclusions

~ Total cross-section for n production in pp has been
measured.

> The Invariant mass squared distributions for pp and pn
show deviation from phase space.

- Inclusion of pp FSI could not explain the data.

Outlook

» The collaboration Is planning to do measurements with
polarised beam.
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Partial waves

The low energy pp—ppn amplitude,

M:A~s.s~ ¢f ( p- 8,') + Agy (b;(ﬁ k)(k-g) + Ap, d’f(‘l : sj";') + Ap, d’_;(ﬁ“l)(q N

p momentum of initial proton

K momentum of final n

2q relative momentum in the final two proton system

g (&;) spin-one polarization vector of the initial(final) pp pair
¢, (b;) spin-zero functions

The spin averaged matrix element square,

|M|* = %[I A l” + 2 k2 Re{ AT AS(,} cos’6,
PP

+2 g2 Re{ A3, Ap,}cos®d,, + g2 | Ap,l7] .

The enhancement factors for (Ss)?, Ss-Sd and Ss-Ds terms,

F = 0.440 + 1o S

L 2 2@
ss(q) 1 4 2 fe?
F = 0.968 + Rla

. 2 2
sp(q) 1+ g2/’

The differential cross-section,

) q ) .
FS‘S( q )COS‘—Hn +b /-LT E?D( q)COS~pr dLlpS >

P P

do=

Nz

FSS(CI) +a
)

(H. Calen et al, Phy. Lett. B 458 (1999) 190)



