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MOTIVES

e Aspects of chiral symmetry and its spontaneous breaking
- wm scattering
- Non-linear realization of chiral symmetry

...... - @ . HBXPT af 0{?3)

e How well does HBxPT reproduce the experimental data for the
reaction N (m,2m)N?

e How fast does HBYPT converge?
- How large are the Low Energy Constants (LECs) of the
theory?
- How significant are the loop effects (unitarity corrections)?

e How high in energy can one go before HBxPT breaks down? |



BUILDING BLOCKS
Meson Sector

The building blocks involve:

-

[ — o2 — 77/ F
DU = 8,U — iUr, +il,U — 8,U
x = 2Bo(S +iP) = (my + mq)By — m?2
v = ulyul £uxfu — m2(UT £ U)
Uy, = z’(uT (Op —iry)u — u(8y — ilu)uT) — i(u'9,Uul)

Nucleon Sector

The heavy-field transformation is defined as:

: 5
Nv — BZMU”:C P,:.\If

1
Pl = 5(1+;é), v? = 1.

The building blocks involve U, u,, and
. 1
Vy=0,+T,— wp(,ls) — Oy, + 5 {u'd,u + ud,ul}

T —



The Lagrangian
e The chiral expansion of the effective Lagrangian reads:

Lo =LO LD+ LR LR+ L+
4

Transition amplitudes of O(q), O(¢%), O(q?) or higher

e In HBYPT the chiral loops first appear at O(¢?).

Meson Sector

Lagrangian | Number of LECs | N(w,27)N | Status of LECs
£ 2 2 known (F;; and m;)
LA 7 4 known (/;)

The renormalized scale-independent LECs of O(¢*) are defined as:

- 3272 m 1 1
[, = l; —21 T — —|(In(4 1+ 11 }
=2 () + 1+ T ()

Baryon Sector

Lagrangian | Number of LECs | N (7, 2m)N Status of LECs
CS}, 2 2 known (g4 and my)
E% 7 5 known (a;)
ng [23] 13 7 known (b;)

6 unknown (b;)

The scale-independent renormalized LECs of O(q?) are defined as:

L ln@m) 1+ 4

bizbi—ﬂi{m 5 “}
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CALCULATIONS

There are five experimentally accessible channels for the reaction N(w,27)N.

T p — 7%
mp — 7 rtn
Tp — wtrTn
Tp — 7r_7rop
mp — 7r+7r0p

The unknown LECs in ES}%, were determined by fitting the available data for:

® ON(m2m)N
do N (r,2m)N
dT.dS,

in the energy range 170 MeV < (T} )1a < 260 MeV.

LECs of O(g®) determined in this work*. The x?/dof of the fit is 3.4.

55 611 512 513 514 517
2.6 £33 —2514+62] 102+47|223+57| —84+2.7| 53+1.1

* The renormalization group equations were employed to arrive at the initial inputs to the fitting

routine.
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Total Cross Section
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~Differential Cross Section: T =223 MeV

T+ p->n"+n"+n

Differential Cross Section: T =243 MeV
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Differential Cross Section: Tn =223 MeV

T+ p ->n"+n +0
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Differential Cross Section: T7t =243 MeV
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Angular Correlation: T__ = 283 MeV, 6, =91.0°, ¢ =155.6°
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Asymmetry for T - =280 MeV, at ¢ . - = 0°

T+ p->nt+n+n
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THRESHOLD AMPLITUDES

The information regarding S-wave w7 scattering lengths is contained in
the Threshold Amplitudes (TA) for the reactions:

TA=d": 7p — 7'

TA=a": 7p — 7771tn
D

The results can be expressed in terms of the threshold isospin amplitudes:

1
Di=——a", Dy=——a’

24/2

O(q) | O(q%) O(q®) Experiment [
Dy(fm3)| 2.50 | 2.14 | 1.90 £0.43 | 2.26 £0.12
Do(fm3) | —=7.70 | —6.96 | —11.44 4 2.60 | —9.05 40.36

[1] H. Burkhardt, J. Lowe, Phys. Rev. Lett. 72 (1991) 2622
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Unitarity Corrections

The amplitude for the reaction N(m,27)N can be written as

My = alpp)sl fi + foit fadot fadhdolu(p:)
Threshold a XJ]r‘ 3 JX@'
where |
a= m[mw(fz + f3) — f1 = mi f4].

The invariant amplitudes f1, f2, f3, and fy4 can be calculated in HByPT.

The 1maginary parts of the invariant amplitudes originate entirely

form loops and are hence parameter free quantities.

Threshold amplitudes for the reaction 7~ p — 7'7'n

0

O(q") fi xm;? foxm® | fyxmZ® | fyxm
O(q) —44.30 3.90 3.90 0
O(q?) —39.51 3.81 3.81 0
O(¢°) | —38.60 + i47.88 | 3.20 — i5.22 | 3.20 — i5.22| 0
Threshold amplitudes for the reaction 7#tp — 77 tn
0" | fixmg” faxmZ? | faxm® | faxm?
O(q) 30.75 —1.44 —1.44 0
O(q?) 25.36 —-1.71 —~1.71 0
C’)(q3) —23.71 —13.89 | 1.67 +:0.03 | 1.67 + 20.03 0




SUMMARY AND CONCLUSIONS

Comparison with Data

e The calculated values of different observables are in reasonable agree-
ment with experimental data. In most cases contributions of O(q?) are
essential in order to reproduce the data.

Issues

e |t appears to be difficult to arrive at a unique (or reasonably constrained)
set of LECs.

e It appears that some of the LECs of O(g?) are larger than their expected
“Natural Size".

e In some cases the unitarity corrections appear to be sizable.

e Is HBYPT a (rapidly) converging series?

Possible Future Directions

e Calculate amplitudes of O(g*) in HBYPT for the reaction N(m,2m)N
(in order to complete the one-loop analysis of the reaction).

e Calculate the process N (7, 27) N within the framework of the infrared
regularization. (Possible improved convergence rate of the chiral series.)
T. Becher and H. Leutwyler, Eur. Phys. J. C9 (1999) 643; JHEP 0106 (2001) 017
M. R. Schindler, J. Gegelia, S. Scherer Phys.Lett. B586 (2004) 258

e The results of the analysis of polarization measurements will provide
additional constraints.
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