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Tagged Deep Inelastic Scattering (TDIS)

Y

Leading Neutron Leading Lambda

Main goal: study the structure of pions and kaons |



‘ Leading versus non-leading neutrons in DIS ‘

standard DIS Sullivan process

How important is the Sullivan process ?
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We need the Sullivan process (“pion cloud”) |

A.W. Thomas, Phys. Lett. 126B, 97-100 (1983).

In a 1983 paper, Thomas commented that ”...it is rather disturbing
that no one has vet provided direct experimental evidence of a pionic component in the
nucleon”

In particular, it was predicted that the nucleon
sea should have an up/down sea-quark flavor asymmetry
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| This talk |

Discuss the pion vertex p /

Pion-photon in the color dipole e
approach (gluon saturation effects)

Absorption Effects

Inclusive and exclusive processes
(understand HERA data) p
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Extension to Proton-Proton

Extension to Leading Lambda A
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Pion splitting function
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Can we replace the form factors by something better ?

Replace LPS, = —g.nv¥niysT @iy, by a Chiral Effective Lagrangian :
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Pion-photon cross section in the dipole approach
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‘ Pion-photon cross section in the dipole approach ‘ W( X

0ren (3,Q%) /dz/cf > nr(eor, @) el

Photon wave function:
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Non-linear (saturation) models:
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Linear (no saturation) model:
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Leading neutron/Lambda production
can be low x physics |



‘ Absorption Effects I ‘

Survival probability

high Q7 Approximated by a constant factor :
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HERA Data
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Absorption : Energy Dependence
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llTagll Of an even.r
p ‘\>\\ with a large dipole !

Expect stronger
absorption |
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AR (5 A) = /dderche ~1-arA (UEND), DN, (3.1 B)
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Vector meson Photon Scattering
wave function wave function amplitude
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We really need absorption |



Straightforward extension to :

p+p—=p+p +7+n

Gongalves, Moreira, FSN, Spiering, PRD 94 (2016) 014009



D'Alesio, Pirner, EPJA (2000)

Absorption Effects IT

No constant factor
approximation

Improve dipole-neutron
cross section
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We compute the ratio:
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Comparing neutron and Lambda absorption

A dipole interacts more with a neutron or with a Lambda ?
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The relevant energy:

1 1'/\ (zr)

HERA 360 100-200 50 - 100 (GeV)



Guidance from data :
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Luna, Menon and Montanha, NPA 745 (2004) 104



The relevant energy:

HERA 360 100-200 50 - 100 (GeV)

LeHC ~1000 ~500
JLab ~10-20 ~5-10



Connection to low energy hadron physics

Bounds on the dipole-Lambda cross section from meson-baryon reactions
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Conclusion
We need the Sullivan process (“pion cloud”) |
Leading neutron/Lambda production can be low x physics |

Leading Lambda production is feasible (large cross section)
We really need absorption |

Lambda are less absorbed than neutrons ?



Thank you !



Diffractive processes
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LN spectra in the dipole approach: several processes in the same framework

fragmentation

Not included: AT s 71t n (small contribution or only at low x|)
p exchange
ST " 1 2
~ “aditive quark model 3 < R, < 3
absorption 05 < K < 1

Uncertainties: < pion flux

dipole cross section

_ vector meson wave function

Exclusive production data: absorption is large

Extension to pp and pA
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At JLAB energies:
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‘ Predictions
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‘ Predictions ‘
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P-P

Predictions

(V') [nb] Vs =02 TeV|y/s=0.5 TeV|{/s = 8.0 TeV|/s = 13.0 TeV
Knin 12.17 22.06 90.12 110.51
P Koed 14.34 25.98 106.12 130.14
Kmaz 16.42 29.75 121.54 149.04
Koin 1.83 3.58 16.67 20.73
) Kipned 2.15 4.21 19.63 24.42
Kiaz 2.46 4.83 22.48 27.96
Knin 0.0042 0.019 0.25 0.35
J/ Kined 0.0049 0.022 0.30 0.42
Kmaz 0.0064 0.026 0.34 0.48
(V) [nb] Vs =02TeV|y/s=0.5 TeV|y/s =5.0 TeV|{/s = 8.8 TeV
Knin 9176.88 20819.90 102785.00 139110.00
p Kined 10807.00 24518.30 121043.00 163821.00
Kiax 12376.70 28079.50 138625.00 187616.00
Koin 1090.55 2863.67 17326.20 24154.90
@ Kined 1278.41 3386.65 20403.80 28445.60
Kiax 1470.81 3862.20 23367.50 32577.30
Knin 0.19 3.94 135.53 234.50
J/p Kied 0.23 4.65 159.61 276.16
Koz 0.32 5.65 184.04 317.05
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Xie,Wang,Han,Chen, arXiv:2109.08483

e +p—oe +X +n V. Andreev et al., EJPC 74, 2915 (2014)
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Chiral perturbation theory
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Khose, Martin, Ryskin, hep-ph/0606213



do,,/dx, [ub]

do,,/dx; [ub]

0.8

0.6

04

0.2

0.5

04 .... pus oesdese .
. NSSS +

03F '

02

0.1

p0 with Forward Neutron

T T | — T T T
|l ® HI1 data (,<0.75 mrad)

Normalised to data:
FMS

| Normalised todata: [0 :+ ]
I NSSS J

® HI data (p,,<0.2 GeV)
Normalised to data:

08

1
09
XL

S 1 T ¥ T x I v I T T
= | @ HI data (9,<0.75 mrad) il
~ Normalised to data: o i. ™
© 08 e Bishari-0 1
& ===+ Holtmann T LY
,g w=s KPP pEEEEES
0.6 ="+ MST

0 1 1 1 1 1 1
04 05 0.6 0.7 0.8 09
Xy
S‘ 0-5 L T L T J T L T L) T L T ]
= [ ® Hldata(p,<0.2 GeV) Hl 1
o I Normalised to data: 5
© 047 e Bishario ]
& | ees Holtmann 1
= [ KPP 1
03 === MST progrrngidias ]
I T

i
T

0 Y SR T W S SR U

rimims L Iy

H1: V. Andreev et al., EJTPC 76, 41 (2016)

0.7

08 09
XL



Energy dependence and Feynman scaling
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Future:
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‘ Leading neutrons in Deep Inelastic Scattering
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normal DIS
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Other isovector meson exchanges, such as the p or as, can also contribute to direct neutron
production. Recent theoretical studies of neutron production in ep collisions show that
processes other than direct pion exchange are expected to contribute =< 25% of neutron
production [33,60,61,67]. These backgrounds to OPE, which increase the rate of neutron
production in the FNC phase space, are offset by absorptive rescattering of the neutron,
which decreases the rate by approximately the amount of the increase [68,69]. Also
absorptive rescattering preferentially removes neutrons with larger p,, increasing the pion
contribution relative to the p and as. Therefore these effects are also neglected in the

present analysis.



10.1 Competing processes to OPE

Several processes which compete with pion exchange as the mechanism for leading neutron
production were ignored in Eq. (16), namely:

o diffractive dissociation in which the dissociated system decays to a state including a
neutron

16




Diffractively produced events can be selected by requiring the presence of a large rapidity
gap in the hadronic final state. For such events, the mass of the dissociated proton system
is restricted to low values, My < 4 GeV.

An event is said to have a large rapidity gap (LRG) in the ZEUS detector if the pseudo-
rapidity of the most-forward energy deposit with energy greater than 400 MeV (7,,.,) is
less than 1.8 [64]. Figure 17(a) shows the 7., distributions for both the neutron-tagged
and inclusive DIS samples, where the latter has been normalised to the neutron-tagged
sample for n,,.. > 1.8. For both n,,.. < 1.8 and n,,,,, > 1.8, the shape of the neutron-tagged
distribution is similar to that of the inclusive distribution; however, there are relatively
fewer LRG events in the neutron-tagged sample. The LRG events represent only 4% of
the total number of DIS events with neutrons in the measured kinematic region, but are
7% of the total number of DIS events. A reduction in the fraction of LRG events with
a final-state neutron is expected since only proton diffractive dissociation or diffractive
meson exchange (the Deck effect [65]) can contribute.

To investigate a possible z,-dependence of the contribution of diffractive events, Fig. 17(b)
shows the ratio, Ryrq, of the neutron-tagged DIS events, selected by the LRG criterion,
to all neutron-tagged DIS events, as a function of z;. The rise by a factor of three over
the z; range shows that the LRG neutron-tagged events have a harder neutron energy
spectrum than that of the inclusive neutron-tagged sample. It is clear that diffractive
events are not a major source of leading neutrons at any value of ;. For the region

0.64 < z, < 0.82, Rypg is 0.039 & 0.001 (stat.);



e p and as exchange

Theoretical studies of neutron production in ep collisions [18,53] suggest that isovector
exchanges other than the pion contribute less than 10% to neutron production at z, = 0.73
and for the p; range of the present data. This is quite different than for leading proton
production, where isoscalar Regge exchange provides the dominant contribution [2,19];

e isovector exchange leading to A production

The p — A(1236) transition, formed by m, p and ay exchange, can also contribute to
neutron production [18,53,66-68]. In this case, the neutron, which comes from the decay
A% — nm® or A* — nxt, no longer has an energy determined by the energy of the
exchanged meson. The neutron energy spectrum peaks near z; =~ 0.5 and extends only to
x;, =~ 0.7 [19]. It thus gives a small contribution in the 0.64 < z;, < 0.82 bin. A comparison
of the data on p — n and p — A**+ [69-72] in charge-exchange reactions at Fermilab
indicates that only about 6% of the forward neutrons come from the A channel. This
observation agrees with theoretical estimates of the Am contribution to the Fock state
of the proton, which is approximately half that of nm [53,66]. A calculation [67] shows
that the contribution of p/a,; exchange, plus the A contribution, to the hadronic charge-
exchange reaction pp — Xn could be as high as 30%. Since no analogous calculation
exists for DIS, this only provides an indication of a possible background to the neutron
production discussed in this paper;



e models other than one-particle exchange

Monte Carlo studies, using standard DIS generators, show [1] that these processes have
a rate of neutron production a factor of three lower than the data and produce a neutron
energy spectrum with the wrong shape, peaking at values of x; below 0.3.

17

In summary, the expectation for the processes listed above at (z,) = 0.73 and (p;?) = 0.08 GeV*
is that they contribute of the order of 20% of the leading neutron production. This estimate
can be checked using the measured neutron-energy spectrum. The OPE fit to the differential
cross-section do/dzx;, shown in Fig. 8(a) suggests that, at z; = 0.73, the residual background
to OPE is £ 10%, in reasonable accord with the studies discussed above.
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