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@ 7p elastic scattering

@ Mechanisms of 4-body processes pp — ppr ™7~ and pp — ppr 7~
(formalism and results)
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Background to 3-body processes

The 4-body reactions pp — pprt 7~ and pp — pprtn—
constitutes an irreducible background to 3-body processes pp — ppM

M are a broad resonances in the 77 (and/or KK channels

M decay modes »

o 7 dominant

PO(770)  wta—  ~ 98.9% Pj:/ )

5(980) mw  dominant N it

$(1020) K+K~ ~ 48.9% N fs00) 7

£(1275) w1~ 84.8% ,Oid\

f(1500) 7w ~ 34.9% //ﬁm -
47 ~ 49.5% N

— \
KK ~ 8.6% P §
D

A. Szczurek and P. Lebiedowicz, Nucl. Phys. A826 (2009) 101
(production of f(1500) meson and estimate the 77 background at PANDA energy)
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7w fusion, double-diffractive with pionic loop and gluon induced diff. (QCD) mechanisms
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The 7p total cross section

The optical theorem:  opf ~ 1 SImMZP (s, t = 0) (when s is large)
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The Donnachie-Landshoff fits to the 7t p and 7~ p total cross sections (o; = C,'s""(o)’l):

o, P: 13.635008% | 07 5ps0-4525
on, P: 13.635%9808 | 360250452

imply the values of pomeron and reggeon couplings to 7p:
Cp = 13.63mb, Cr, = 31.79mb, C, = 4.23mb

M(zp — 7tp) = Mp + My, — M,
./\/l(7r_p—> 71'_[3) = Mp + Mf2 —+ Mp
Mg (C =+1) > M,(C = -1)
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The 7p elastic scattering

ap(t)—1 BF
Mwip_»ﬂip(& t) = isCp (si) exp (Tpt

0

ap(t)—1 Bf
(ar, +1i) s Cp, (i) exp (—pt>
So 2

s\ @r(t)—1 BR
—i C, (= TP+
(a, —1) s G (So) exp ( 5

@ where ar, = -0.860895 and a, = -1.16158 are signature factors
@ 55 =1 GeV?

@ the parameters of pomeron and reggeons couplings are taken from the
Donnachie-Landshoff model for total cross section
(Cp =13.63mb, C, = 31.79mb, C, = 4.23mb)

@ the trajectories determined from total and elastic cross sections (i(t) = a;(0) + ajt):

+

H

ap(t) = 1.0808 + 0.25¢, ag(t) = 0.5475 + 0.93t

@ the effective slope parameter B(s) = By, + 2a; In(%)
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do/dt (mb/GeV?)
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@ solid lines: Bp = 5.5 GeV ™2 and Br = 4 GeV 2
@ dashed lines: Bp = Br = 5.5 GeV 2
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The 7p elastic scattering

0 (mb)
0 (mb)

10 10

\
Wl

ol

B

|

e
L

\IR \‘\_interference
. !

\IR "~ _interference
Js L
10

1 10 1 1
W (GeV)

W (GeV)

@ nicely describes the mp data for /s > 2.5 GeV
(with Bp = 5.5 GeV ™2 and Br = 4 GeV™?)
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The 7p elastic scattering

™p

elastic
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@ smooth cut-off correction factor

W—Weut
faN (W) = % Weue = 1.5 GeV (dashed line) and 2 GeV (solid line)
+exp a—“’t

cut

The parameter W, gives the position of the cut and parameter ac,: = 0.2 GeV
describes how sharp is the cut off.

@ model includes absorption effects in an effective way
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Central double diffractive contribution
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above sy = Wli where W is the center-of-mass energy
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Pion-pion rescattering contributions

low wm-mass rescattering
(partial wave analysis)

high mr-mass rescattering
(Regge phenomenology)
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Amplitudes of subprocess 7% 7% — 77~

@ low wm-mass rescattering amplitude (from partial wave analysis)
[P. Lebiedowicz, A. Szczurek and R. Kaminiski, Phys. Lett. B680 (2009) 459]

* _ S34 *\ el
M2_>2(534, cosf™; ty, tz) = 1671‘1 / m Z/ ;(2L + 1)PL(C059 )fL(S34)

X Fofr(t1) Forr (t2)
/ 2i8! (s34)
f,'_(S34) = % R. Kaminski, J.R. Pelaez and F.J. Yndurain
t—0

2 2
S3¢ — Mz —myz —t1 — b

@ high mm-mass rescattering amplitude (similarly as for wp scattering)

1
cost* = E(cosﬁg + cosb}) =

. ) o ( S3a\ R(D)-1 Bor
Moo(ss, by it ) =] (ap — i) s34C (?) exp( t)
0

aR()—1 Brr .
+  (ap—1i)saC)” (?) exp ( u) ]
0
X Forr (t1) Fore (t2) X foone(Waa)

C;™ =(Ci")?/C’N ~ 16.38 mb  A. Szczurek, N.N. Nikolaev and J. Speth
Brr ~ 4 -6 GeV~?
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the Regge contributions (We,: = 1.5, 2 GeV,
1 Regge acut = 0.2 GeV)
i phenomenology Brr = 4 GeV ™2 (solid lines)
I Brr = 6 GeV 2 (dotted lines)
W, (GeV)

@ can see two characteristic bumps corresponding to scalar o and tensor £(1270)
mesons as well as a dip from the destructive interference with 1 (980) and o
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Double diffractive vs contributions
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datdy gy, (nb)

W = 5.5 GeV W = 200 GeV

The double-diffractive contribution

do/dy 3dy4 (nb)
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Decomposition of cross section in y,

Rapidity distribution of pions (y» = y3 = y4) at W = 500 GeV
when all (solid line) and only some components in the amplitude are included
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Localization of mechanisms at high energies

single resonance excitation (DSRE)

double resonance excitation (DDRE)

double- d|fFract|on
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~ pairs in pp and pp collisions
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@ We have estimated cross section for different exclusive production mechanisms of
717~ pairs (mostly at high energies)

@ We considered

@ double-diffractive contribution (both pomeron and reggeon exchanges)
- dominates at higher energies and small M,

@ pion-pion rescattering contributions (using a recent phase shift at low energies
and Regge form at high energies)

@ The distributions in rapidity space for the double-diffraction at high energies are
particularly interesting — preference for the same-hemisphere emission of pions

@ The schematic localization of different mechanisms for pp — ppr™7~ and
pp — ppr T~ at high energies can be resolved experimentally

@ The processes considered constitute a sizeable contribution to the total
nucleon-nucleon cross section as well as to pion inclusive cross section

We discuss detail of the exclusive production 777~ pairs in papers:
P. Lebiedowicz, A. Szczurek and R. Kaminski, Phys. Lett. B680 (2009) 459,
P. Lebiedowicz and A. Szczurek, Phys. Rev. D81 (2010) 036003
and production of f5(1500) meson and estimate the wm background at PANDA energy:

A. Szczurek and P. Lebiedowicz, Nucl. Phys. A826 (2009) 101
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Comparison with experiments

With extra cuts

lyx] < 1, x| > 0.9

ly=] < 1.5, |xp| > 0.9
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Double-diffractive contribution with
@ lower lines: /\f,f,’,:— = 0.5 GeV?
@ upper lines: /\ifny =1 GeV?
@ dashed lines: without correction factors 7, (W) which excluding resonances region

mp

@ solid lines: with 70 (W), where Wy = 2 GeV
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Double Pomeron Exchange

pp — ppm T reaction at Pj,, = 205GeV (/s & 20GeV) — NAL experiment
[D.M. Chew, Nucl. Phys. B82 (1974) 422]
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191 events

do/dZ,dz, (nb)
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high mm-mass rescattering double-diffraction
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Beyond the Born approximation

Diagrams representing the absorption Diagrams representing pion-pion FSI
effects due to proton-proton interaction (final state interaction)

P 2l P

P.R : P.R P.R

=== (ps) -~\-7"(p3) -7 (p1)
i i

- - =7t (py) -7 (ps) -t (ps)

P.R P.R

When going from the Born to the diagrams with the pion-pion FSI the following
replacement is formally required:

(kska — p3pa)

T =T trF

Fte (k) Far(k) _>/ d*k 1 Fhr(k, ks) Far(k, ka) ZMOff shell
k2 — m2 Cm)* k2 —m2 kI—m2 kI —m3 ;

where the sum runs over different isospin combinations of pions.

In general the integral above is complicated (singularities, unknown elements), the vertex

form factors (A and B) with two pions being off-mass-shell are not well known, and even

the off-shell matrix element is not fully under control.
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