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+ Leading neutron production in DIS.
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+ Leading neutron in dijet photoproduction.
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Introduction

* Significant fraction of ep scattering events contain a leading proton or leading

neutron (LB) in the final state carrying a substantial portion of the energy of the
incoming proton: e+p — e+LB+X
 Different production models are available
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Leading baryon can be produced via exchange

of virtual particle:
Leading baryon can come from

“sfandard fragmentation” . leading protons: IP, IR, m,
. (linlﬂl:;get:itﬁg)m MC models (isoscalar + isovector)

o leading neutrons: n*, p*, a,
(isovector)
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Kinematics and Factorisation

e e Lepton variables:
. Q= - (k)2
= Q?%(2Pq)
Le'X x = QY(2Pq
EA S Sy y = s/(xQ?)
(. :‘f:;:\ X
R S g Leading baryon variables:
p — aN / m, IR, IP x, = E,,/E
p a |Y
> ~——— p,n t = (P-Pp)? (orp.2)

t

In the exchange model the cross sections factorise, e.g. for one pion exchange (OPE)

c(ep—e'NX) = f”/p(xL, t) X o(er—e'X)
£, (Xpst) - pion flux: o(em —»e’X) - cross-section of

probability to emit pion from the proton with given x,, t en scattering

LB production independent of photon vertex
* probe structure of exchanged particle
» models predict factorisation violation — rescattering
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Detectors used for measurement of LB
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14 towers, 17x15 grid

with 3 mm sciniillators

PRESHOWER (1.6 )

of the FNT hodoscopes,
o, /E=0.7NE

position resolution 2-3mm

6,/E~=0.63NE O 2%

6 stations with p-strip detectors
hit position resolution ~30pum
0,,<1%, o, ~few MeV

momentum accuracy <1%

Acceptance limited by beam apertures and detector size.
p; resolution is dominated by p, spread of proton beam (50-100 MeV).
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Leading Proton production in DIS

(DESY-08 - 176, to be published in JHEP)
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LP production in DIS: Normalised cross section vs x;

dc;LP/dxL normalised to the inclusive DIS cross section
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LP production in DIS: Comparison LP, LN yields

ZEUS
g O T s 2o @ zeussom « Restricted to a common p_2 range
h: e'p > e'Xp e’p—eXn 1 where the detector acceptances overlap
_g p2<0.04 GeV” p3<0.04 GeV> |
C 015 - Q%3 GeV? Q%2 GeV? 1 . . .
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X, Additional IR contributions

are needed to account for the
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LP production in DIS:

P_2 distributions in x, bins
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 clear different trends for LP and LN

- similar slopes for x; = 0.65-0.8
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LP production in DIS:

Rates to inclusive DIS

Structure function FZLP(Z)

Structure function FZLP(Z)
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with average value ~ (.24

rLPQ) js approximately constant vs x and Q2

X

same trend as inclusive F2 is observed
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LP production in DIS: Comparison to models

Standard fragmentation MC Model with multiple exchanges
ZEUS ZEUS
2 10 F ' o ' ' ' 3 = ' R ' |
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* good description of diff. peak but * good description of LP yield and slope by
all fail at low x adding different exchanges
. slopes are too low at low x, - reggeon dominant at medium x;
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Leading Neutron production in DIS
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LN production in DIS:

d’c(ep— enX) _
dQ* dx dx,
4T’

=0

2

y
+_
YT

1—

122 pb-!
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p,2 <0.04 GeV?2

0.32 <x, <0.95

¢ DJANGO (standard fragmen-
tation) predicts too low cross
section, also x; spectrum

shape is too different

¢ RAPGAP mr*-exchange descri-
bes data well for x_> 0.7

¢ Mixture of the DJANGO and
the RAPGAP MC's can be
used to describe data in the
whole kinematic region
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LN production in DIS: FZLN(Qz,x,xL) to F2(Q2,x) ratio

F2(Q2,x) from the H1 F;N(Qz,x,xL)/Fz(Qz,x) H1 Preliminary (HERA-II)

parameterisation . x, =037 x, =046 x =055 x, =064 x =073 x =082 x =091

(Eur.Phys.J.C21 (2001) 33) o1
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LN production in DIS: Estimate for Pion Structure Function from FZLN

In the m-exchange picture leading neutron production cross section can be expressed as
the product of the pion flux and the pion structure function an from the measured F,

O-ep—)enX(ﬁ’Qz’ xL,t) = f,,+/p(xL’t)X0'en_,eX(B’Qz)’ Whereﬁ=x/(1_xL)

Assuming that pion exchange is dominating at x; = 0.7 and py < 0.2 GeV we can estimate

L o
F 2“ from the F, NG) measurement according to:

"O(p,0%,x,) = TL(x)XF3(p,0°)

where I'_ is integrated over t pion flux

qm—t

“nl—mL

1 g2 —t
Sl L S W
2m 47 ( L)(m2 t)?

Using pion flux fr+/, = ~exp ( R’ ) => atx;=0.73 I,.=0.131

(other pion flux form-factors give other values of I, => global normalisation factor on an)

No background subtraction or absorption correction applied
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LN production in DIS:

F, " (x,=0.73), I'_=0.131

Pion Structure Function from FZLN

LIN({3)
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Data compared to parameterisations:
¢ 2/3 of proton F,

¢ GRV-n LO (revisited)
¢ ABFKW-n Set 1 NLO

The F," exhibits a rise with Q2 (1.e. scaling

violation) and steep rise with decreasing 3.
Similar to pion and proton structure functions
parameterisations.
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Leading Neutron with Dijet
in photoproduction
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LN + dijets in yp: Dijet photoproduction with LN

40 pb-1, Q2 <1 GeV?, p. 2 <0.475 x1 2 GeV?,
x> 0.2, E Jetl > 7.5 GeV, E 2> 6.5 GeV,
-1.5 <qieth2 < 2.5

Jet

Absorption effects increase from
high Q2 =>1vp

i.e. hard => soft scale

Jet

A hard scale in yp can be
introduced by requiring
high E_. jets
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LN + dijets in yp: Differential cross sections
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LN + dijets in yp: pT2 distributions in x| bins; slopes
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LN + dijets in yp:
ZEUS
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Comparison with Models
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LN + dijets in yp:

o
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o LN in DIS
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“LN + dijet in yp” vs “LN in DIS” vs “LN in yp”

* Protoproduction with jets is
suppressed vs DIS at low xy,

=> consistent with rescattering models

+ Effect not prominent in
photoproduction with high E jets

+ Phase space limitation: dijets in the
final state leave little room for
energetic high x, neutrons
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Summary

Leading Baryons are good testing ground to study soft vs hard physics

 Precise measurements of LB x;, and p,?presented in DIS, yp with dijets.
* Fragmentation MC-models without meson exchange do not describe the data.

* Models with virtual meson exchange describe data better.

. FZLP/F2 and FZLN/F2 ratios are independent of x and Q2

* For LN production, pion structure F,” estimated and compared with
parameterisations of pion structure function

- Reintroducing hard scale in yp with high E_ jets: absorption effect not prominent
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Backup

Backup slides
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HERA

The world's only electron/positron-proton collider at DESY, Hamburg.

E.=27.6 GeV, E;, =920 GeV (also 820, 460 and 575 GeV). Vs up to 320 GeV.

Status: 1-July-2007

/"——‘ 400 T T T T T T r_l L_’l(j Ivv |
electrons @~ / 575 GeV A
Halle NORD (H1) ! —— positrons +p 460 GeV
Hall NORTH (H1) - — lowE € P £
Hall nord (H1)
300 HERA-2 o
2003-2007

Halle OST (HERMES)
Hall EAST (HERMES)
Hall est (HERMES)

H1 Integrated Luminosity / pb"

==
e,
e o

p (920 GeV)

\"h:’('
Halle WEST (HERA-B) et (27.6 GeV)
Hall WEST (HERA-B) 100
Hall oues! (HERA-B) Elektronen / Positronen
-— Elactrons / Positrons

Electrons / Postons ZS

Protonen - —
--— Frotons |

Protons

Synchrotronstrahlung
=ukv Synctrotron Radiation
Rayonnerment Synchroiron

200 -

Halle SUD (ZEUS)
Hall SOUTH (ZEUS)
Hall sud (ZEUS)

HERA-1: 1992 - 2000
HERA-2: 2003 - 2007

Two colliding experiments: H1 and ZEUS Total lumi: 0.5 fb-1 per experiment
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DATA Sets

¢ ZEUS: Leading Proton production in DIS:
12.8 pbl, Q?>3 GeV?, p,2<0.5GeV?, x; >0.32, 45 <W <225 GeV
¢ H1: Leading Neutron production in DIS:
122 pb-1, 6 GeV2< Q?*<100 GeV?, py? <0.04 GeV2, 0.32 <x,<0.95
¢ ZEUS: Leading Neutron + Dijets in photoproduction:
40 pb-1, Q*<1 GeV?, p1?<0.475x,2 GeV2, x;> 0.2, 130 <W <280 GeV,

E Jetl > 7.5 GeV, E J°2>6.5 GeV, -1.5 <qniet1,2 <25

DIS and yp have very different inclusive cross sections o,
=> for sensible comparisons look at 6, ,/c.
mnc

Additional benefit: systematic uncertainties of central detector cancel

=> Most measured by ZEUS LB cross sections are relative to inclusive ones
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LN + dijets in yp:

LN in dijet yp vs DIS: kinematic constraints

Consider X, = fraction of p-energy available for LN production ZEUS
BP 20-25_\\I‘HI‘H\‘\I\‘\H|IH|H\‘HI_
-1 _ G i ZEUS 40 pb™' ]
XL < XBP 1 (E+PZ)/(2EP) -: - ® ep—egjX *
£ 021 giorgev o
C e : .. 9 [ oo ° 7
. t i Q%> 2 GeV* i
Xgp dist. 1s different in DIS and dijet yp: %015 | ce ]
much less energy available in ; . -
ZEUS duet vp for LN production 01 | .« o ]
£ 008 . - . -
3 003 ?0.55<XBP<5(0.6 EL 05<XBF.<IJ 55 : 055<;(B§<0‘:{ 3 005 [ e o s

% g ! T T : i . ]

S AL AT I e ° .

& E : -+ ' —+ o - H\H‘\H‘|\‘\H||H|H\‘H|_
= 0'015 4 T - T ; . 002. 03 04 050 06 07 08 09 1
= 0. . | iesaar . | Peee ie, 0, 0 Xgp

% 0.08 1t —

1 0.7<X,<0.75!  T0.75<X_<0.8 |  10.8<X_<0.85% | . . . ..
L0068 T T T Reweight DIS LN x, dist. to match the X, dist. in dijet yp
= 004 8! + of oo o 3

0024 % T,e% o T e° ]
T 3 1 : & suppression at high x; dist. mostly gone
0; L tlﬂ_n_l_;\ | 1 EL_-:;\ T R |E|&_ pp g L : yg
0.08 05X 05 5530l9QXBL<5-95 N 7095<XBP<1 g > la%“ge suppressmn at low x, seen in yp
0.06 - @ 4T 8" e diet@ <1 Gevt without jets not there
3 + 8 O T 3 ;=0 DIS 02>zeev_
0.04- & - | iy
T i1 I
002, ° E LN AL R
Y B Y ST Y-S Differences in the x, spectra
X . . .
) due to kinematic suppression.
For fixed X, , same LN rate and x, spectrum
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