Study of DIS events
containing a leading proton
at HERA
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Try to compare the leading proton production
as measured in ZEUS and in previous experiments
to DUANGOH (LEPTO + MEPS or Ariadne)
and HERWIG MC generators



By leading proton we mean x, = p'/ppagm < 0.99,
l.e. non-diffractive production.

We believe a correct simulation of the leading protons
IS Important since they carry away a large fraction of
the beam-proton momentum,
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Aim: high-statistics study of production of leading protons
in ep collisions in the kinematic range:

Q2 >3 GeV?
45 <W <225 GeV
0 <p?<0.5GeV?
x; > 0.35
d
d
— to compare with pp and e*e-
d
— to test factorisation of vertices
d

— never measured
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HERA Dipoles
(vertical bending)

S3
A4m S2

40m S1
24m

Quadrupoles

[ 6 stations each made by 6 Si-detector planes,

U positioned between 24 and 90m from IP,

U inserted to 100 from the proton beam during data taking.
4 very high resolution in x, .
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Nucl. Phys. B 658 (2003) 3-46 3.4 pbl, x, > 0.6, p;> < 0.5 GeV?

Ratio L.P./total

ZEUS 1995,0.1< QF < 0.74 GeV>, 85 < W < 258 GeV _

ZEUS 1995, 3 < Q7 < 254 GeV7, 45 < W < 225 GeV } pl <0.5 GeV’
‘A ZEUS 1994, Q% <0.02 GeV?, 176 < W < 225 GeV .
[} Whitmore et al., pp — pX,Vs = 19.6 GeV, p;<0.5 GeV? |

m ZEUS 1995,0.1< Q° <0.74 GeV ', 85 < W <258 GeV |, 2 -
) ] py < 0.5 GeV | zerurek et al.
® ZEUS 1953 < 07 < 254 GeV', 45 < W < 225 GeV

: i s pX, s = 19.6 GeV, p2 < 0.5 GeV 2 | 2 '
O Whitmare etal pp—» pX, % 196 Ge¥, pi <08 ; Py slope VS. X

07 08 09 1 6 07 08

more 1n the talk by M. Arneodo 1n the diffractive WG
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Based on 12.8 pb-1, x; > 0.56 (0.35-0.40, eventually), still preliminary:

ZEUS

* ZEUS 96-97 (prel.)
Q*>3 GeV’
45 < W <225 GeV
0<p,2<0.5GeV’
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Cross sections
measured:
do/dx; = flat
below the
diffractive peak,
where it grows
by a factor of ~5
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A Basileetal. (ISR)
® Aguilar-Benitez et al. (400 Ge'Vic)

putler Benitex ot al. (400 Compilation from
& Brcnnce ctal, (100 GeV/O) ; Batista, Covolan
(hep-ph/9811425):
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— do/dx, flat
for protons.
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ZEUS

* ZEUS 96-97 (prel.)

Q*>3GeV’
45 < W < 225 GeV
x; > 0.56
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Slope of do/dp;*: b ~7 GeV-?

HERA-LHC workshop - March 27, 2004 Study of leading protons in DIS at HERA - G. Bruni, G. lacobucci, L. Rinaldi




HERA-LHC workshop - March 27, 2004

-

(nb/GeV")

b = 884 + 107 GeV"
<x, <0.59

o
]
[

o 036
~
[ ]
2| = ZELS 9-97 (prel)
>3 GV
45 « W« 225 GaV

2
o
]
I

Lt

b=6.69 +0.31 GeV*
0.68 <x, <0.71

[
]

=
=)
.
o
Eﬂ-
H

U
(™

[
]

b=699 + 0.3 GeV?
08 <x <083

b=762+0.76 GeV"
059 < X, < (1]

b=684+0.37 eV
0.71<x, <0.74

b=740.35 CeV?

083 x. <0846

L

b=557+0.62 GeV"

5<x, <098

b=843+10.55 GeV"

062 <x <065

b=698+0.57 CeV?

0.74<x_ <0.77

b=596+0.21 CeV?

0.8 < x, < 0.8

L

b="7.58+0.41 GeV"
0.65 < x_<0.68

b="T.00+0.28 CeV*
0.89 <x <092

b= 6.37 £ 0,38 GeV"

W % =098
b
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m ZEUS 1995
® ZEUS 9697 (prel.)

h he i d

The slope of
do/dp? does not
vary too much
in the x; range
measured

B
o
g
— 18—
e
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2 < 0.35 (GeV)
2 < (.25 (GeV7)

22 0.15 (GeVY)
2 < 0.2(GeV)
2 20.25(GeV)
2 < 0.35 (GeVY)
2 2 0.5(GeV?)
0.5(GeV?)

1= 0.5 GeVY
2 2 0.5(GeV)

< PI: £

0=<p
0=<py
0<py
0<p,
0=<p
0<py
0<pl<
0<py
0<p,
0=<p
0=<py
0<py
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d Djangoh (LEPTO-MEPS, CTEQSD)

d Djangoh (LEPTO-Ariadne,CTEQSL)

d Herwig + Pomwig + Sang
non diffr. single diffr. double diffr.

% WWE
- leading proton x, and p;°
- diffractive component
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do/dx, (mb)
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My own fits below the diffractive peak:

0 W81t 0.2604
P2 0.9504E-01 0.7492E-02

(1-x; )

- .
- e

:_ Brenmer et al., Phys. Rev. D 26 (1981) 1497, (p=100 GeV)

. IIIIIIIIIIII IIIIIIIIII IIIIIIIII III:

01 02 03 04 05 06 07 08 09 1
N
0.1432 |
0LABS1E-02 1

I 2243
P2 0.6376E-01

(1- L)&l ‘

. Brenmer et al., Phyvs. Rev. D 26 (1982) 1497, (p=175 GeV)
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DATA:

ZEUS
T T T T T T

+ ZEUS 96-97 (prel.)
Q*>3 GeV>
45 < W <225 GeV
0 <p2<0.5GeV®

-
t

ptons in DIS at HEF

Herwig+Pomwig+Sang
- MEPS
ARIADNE

I Herwig+Pomwig+Sang: (I-XL)IO_

— quite different!



- ) -bp_2
® ZEUS 96-97 (prel.) HER WIG+POMWIG+SANG Fit do/ de to €™Pr
B LEPTO-Ariadne in the rangc

Y LEPTO-MEPS pT2 < 0.5 GeV?

1 HERWIG = ok

u too low:
the primordial p
(“ky parton” card)
needs to be tuned.

HERA-LHC workshop - March 27, 2004 Study of leading protons in DIS at HERA - G. Bruni, G. lacobucci, L. Rinaldi 13



2003/06/30 12.54 2003/06/30 12.54
DATA and MC rewelghted to: flat XL exp( 7pT-) DATA and MC rewe1ghted to: flat Xy exp( 7p,2)

92000 l I I Il Entries | '.-"88'.-"0 r o b Entues ol 7‘83?0

8000 © . paTA
---  MC before reweighting

MC after reweighting

10 %

05 06 07 08 09 0 005 0.1 0.15 0.2 025 0.3 0.35 04 045 0.5
X, Ips s456 P1?, Ips s456

Good agreement at detector level after reweighting
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2003/06/25 11.00

Diffraction at HERA often Reweighted: flat x,, exp(-6.8p,2)
identified by N,....< 2, e e

AN > 501 % x* 4 -3.4%x, +33

e DATA
@ Reweighted MC(x;.p;?)
¥ Reweighted ]\-‘IlexL,pTa‘,diffr. ratio)

where 1., IS the
pseudorapidity of the most
forward energy deposit.
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Problem: no flag to identify
_Reweighted: flat x;, exp(- -6. Sﬁ?ﬁ’j)mwh m  diffractive events in LEPTO.
' | "' | ENTRIES 45074 o
. Solved defining:
= largest rapidity gap in the
event (at the generator level)

An=5.01% x>+ -34%x; + 3.3

2003/06/25 11.32
Rewelghted flat Xy exp( -6. SpT’)

I I I " | Entrits ' " 90585
An><01*x + 34WL+3.3 i

max

© MC before reweighting
¥ MC after reweighting
® DATA

;Fraction of L.R.G. eventsE
{after reweighting An -

non Di?tactiVe 5 s pusing etamax weights |

Fraction with n

¥
©
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2003/06/25 11.32

Reweighted: flat x;, exp(-6.8p.2) The r] distribution
5 max

2 Entries
AN >5.01 # X7+ 3.4%x +3.3

DATA IS a good tool to check
MC before diffr. reweighting | the D AT A_based

MC after diffr. reweighting

reweighting of the
diffractive component

Good agreement of I,
distribution after reweighting

Much better would be to have a flag to tag diffractive events
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ARIADNE MC
' 213500
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ALL ,

T, " contamination
Increasing with
decreasing X, :

~ 30% at x, = 0.3

0.2 04 06 08 1
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20 f?flugd.md_utm:utufnc'ﬁimd_m;h rbat=5.a nimrtwrmffﬂlﬁiefif;}iﬂﬂ; F N C : F O rwa rd N e u t ro n
Calorimeter

of clean
neutrons in the FNC
and positive charged
track in the LPS

If good neutron in FNC

U
either " or K* in LPS

0 100 200 300 400 500 600 700 300 900
ywidthfnc VS. efncbot EFN C (GeV)
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N + L . 2003/07/01 19.24 + + L . 2003/07/01 19.26
of 1 and K contamination using FNC data Study of 7 and K" contamination using FNC data

All LPS stations

® DATA with FNC tag ] i AILLPS stations
Reweighted MC: FNC tag | i + ® DATA with FNC tag
Reweighted MC: all 7° and K© 1 | o Reweighted MC: 1" and K*

400 |

200 |

0_...|...|...|...|... A R e PRI AP ESTRTRPN VU PR AP PO PR Lo Lo
0.2 03 04 05 06 07 08 09 1 0 005 0.1 015 0.2 0.25 0.3 0.35 04 045 05
x, re in LPS p,2 in LPS (GeV)

O After reweighting the diffractive fraction in MC:
good agreement between the double coincidences FNC * LPS

in DATA and in MC both in x, and p? = reliable simulation
of " and K*
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We had to do lots of reweighting for our measurement:

 x, spectrum of leading protons generated in MC’s
differ from measurements

[ b slopes of p# distributions too small in LEPTO;
may be fixed by tuning primordial k-

A too many diffractive events in LEPTO-MEPS (SCI) :
reweighting more difficult, since there is no flag to
identify diffractive events

d Fraction of 1t and K* w.r.t. protons in MC seems ok

Leading proton production in MC’s needs tuning
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V.| <50 cm LPStag = 1 (all ok)

38 < E-P, <65 GeV Anine> 0.04 cm
Sinistra cand’s > 0 A >0.02 cm
E'.(Sin.) > 10 GeV E+P, < 1655 GeV
Econe (R=0.8) <5 GeV p2 < 0.5 GeV?
H-box cut on RCAL 0.35 < x,_ < 1.02

Q%pA(ZUFO) > 3 GeV?
45 < Wp, > 225 GeV
y,5 > 0.03

Selected events: 71937 in s456
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Three sources:

d Migrations from low Q2: studied using MC samples
of photoproduction and 0.5 < Q2 < 2 GeV?

1 Overlay events: accidental coincidences of DIS
events with halo-protons or proton-gas collisions

" and K* reconstructed in the LPS
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Acceptance ( ©10”) LPS stations 4/5/6

The blnS reJeCted ' | | 1133 3 1 2037 5331 4 3

(the in the plot) |9 | 23 54 384943
are those where the ’ 0 O o
acceptance varies '
wildly, and therefore are
difficult to simulate

30 55|33 20 7 |24 45 75 73 60 21 11

11 52|71 23 /14 3 43 68 80 77 72 19 14
L |41 56 36 21|11 10 75 99 |97 /103 832 24 16
3071 75 32 12 3 IT 107101111124 89 30 23

239 73 90 49 17 13 16 87 140154150152107 44 33

As a systematic check, _
W|” use a d|fferent 6 36 73 88 80 51 38 39 51 99 225238237247255125 44 20
SeleCtlon Crlterla tO o 8 17 32 45 59 62 61 78 112153222 321432 542 547 540 480 378 175 13

rej ect bins 04 0.5 0.6 0.7 0.8 0.9
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The proton (and y) hemisphere can be studied using the LPS in
the LAB frame and compared to e*e- and pp data if we use

the In each case:

l.e. subtract the four momenta of the scattered beam particles

ok
-
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\/Seff — \/Seff -
4.9 +(q,— q,) (9,-49,) +(@,—9q,)

(Vs is also called s, q:‘std or ght in the literature)
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generated events

B reconstructed events

06 07 08 09 1 1.1
generated x

Not enough MC statistics at low x, due both to the RAPGAP
generated x, distribution and the LPS acceptance.
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