Experimental investigation photoproduction
processes on pion (H1, DESY).

More precise —

Exclusive rho meson photoproduction with
a leading meutron at HERA.

On behalf of H1 Collaboration
Vazdik |.A.
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HERA: The World’s Only ep Collider

L

HERA-1 (1993-2000) ~ 120 pb~"'
HERA-2 (2003-2007) ~ 380 pb~1

Final Data samples
H1+ZEUS: 2 x 0.5fb
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History -

G.F. Chew and F.E.Low Phys.Rev. 113,1640, 1959
C.Goebel Phys.Rev.Lett vol 1 p337 1958

Mainly reaction — pi +N --> pi + pi + N

Example - JETF v45, p913, 1963
Cross-section pi+ pi- --> pi+ pi- =34 +- 9 mb
(energy in cms = 4-7 Mpi)

FIAN — 1988, v 186 p 106

Gamma + p --> gamma' + pi+ neutron

Cross-section gamma-pi+ = (5.4+-1.) 10**(-32) cm**2/st
Egm=650 mev, s1=6.5mpi

alfa(pi+) = -beta(pi+) = (20 =-12) 10**(-43) cm**3
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APATRACT

A proocrol mothod 1a sSugsegted for analyning the: sesttoring of
pa=ticl> & by particle B, leadins to threc or moxe fiouwl particles, in
oxdz> to obtnin the croas scetlon for tho interaction of 4 with o partisle
which #a wirtually contained in B. Binding complieationd are abesnt Lf
g planeibls sasumption ebout &At loceticn end rcalduss &f polea :1.1.1 the
HBevmtriz 28 accepted. The wethod i3 wasful foor unetable partieleza from
which fr=a targete cannot be radeo; the sperisl cxamplee of plon and

asvtron targcste are dlscusacd 1in detedl.
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Propaosal for a Forward Neuntron Calorimeter
for the H1 Experiment at DESY

H1-Callaboration *

AL Beck, W. Brickner, Th. Haller, .M. Jansen, F. Matlica,
T. Numnamann, B. Pavh, R. Todenhagen
Mar-Planck Tnatitsi fiir Kernphipaik, Posdfnch 103084,
@ity Heidelbery, Farmony
{Angnst 7, 1PGE)

Abetract

At FERA, the reaction ap — #"nX can ba gsindied. In & properly chossn
kinematic doomuin, it in expactad that this reaction will be dominated by deep
inelaatic seattaring (DIS] oo a pion conpled to the gronnd state or excited
staies of the proton. A forwerd neotron calarimeter in conjunction with the H1
experiment at HERA, can ba naad to sindy thess interactions and to measnre
the pion strociore fonction. In addition, the fraction of lnrge mpidity-gap
evants pacrihed to pion exchangs can be messored. & proposel for instellation
of a forward nentron ealorimeter for the Hl Expeardment st DEGY in deacribed
in this paper.

Intraduction

We propesa ta edd & new forward nmiison celorimeber 4o the H1 experiment at DESY.
Thea purposs of the new neatron calorimetar s o meesurs the sneargy and angle of prodoced
neutrons with high precimon. The calorimeter will be miostad 107 m from the interacktion
print at sero degreen with respect to the incident protem direction. Meesurement of the
forward neutron angle and enargy, along with the determination of the scatbarad alactrem
and the hadrome jets, will to & large exient spacify the kinematics of the reaction ap —
enX. Thin paper demcriben the phymics moawation end demign speafications for the nmkoon
calarimetar.

Physica Matiwation

Many thearstical papers have dincussed the poashbility of meamring the pien stroctnre
fonchiom at HRERA [1-5]. The pion clomd arommd the mocleem can comiribnte to the deep

*Suhject to approwel by the collahoretion hasrd om September §, 1606



FIGURES

FIf3. 1. Thea pion exchange cmtrbwotion to deep inslastic seattedng.
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Introduction

e First observation of exclusive photoproduction on (virtual) pion

= Unigue for HERA {kefore that ~, & beams did exist, but no target)
= Extends further {very powertuly WM field at HERA q
"‘Ir" x.n.nn{: i i

o Key observables: : R X
oy — I S B {ar e — 1 —urep) distribution: ~ .j',,,.l_.-f,{:::;;} T- .
= W dependence: ~ W* — nature of exchange object(s)
= t-slope of 4 (b oo B2 in geometric pictura)

e Main experimental difficulty:

= Trigger (tagged ~p —too large W to observe VM
untagged ~p — too high rates/prescales)

= Limited acceptance for forward = and & (g, = 6)

o Advantages of H1@HERA2 TN\ Sk o Y

o istingui e and ~ /¥ o
Impraved FNG {distinguish and measure » and ~ /x"} FTT ~ ~ i

= Powerful fast track trigger Y
(allows untagged soft +p to be collected) . e !
J_=
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Reaction of interest and the analysis phase space

Y+P — p'Tn

|—> T

Photoproduction:  Q?* < 2 GeV? ((@Q% = 0.05 GeV?)
Low p;: It| < 1 GeV* ({|t]) = 0.20 GeV?)
Small mass: 0.3<m..<1.5 GeV (m )
x'y®m inCT: 20< W,,, <100 GeV ((W.,) = 48 GeV)
Leading n: E,>120 GeV, 6,<0.75 mrad

|

No hard scale present = Regge framework is most appropriate
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Contributing processes and their modelling

[ ’\/\I\J‘\’:ﬂpu # o IIIl'l = (VaVaV, F‘
|II " Tf._ | g?- T %
< II| P:: II| 1

ey~ BT MY

Pompyt x Pythia6 DiffVM

(o -Flux) (glastic ~& — g'w) (elastic, p-diss. v-diss, double diss)
Signal (DPP) Background

W.p V’E{E — P:)pBp » DPF expeetations: f,{x1,t) = @ shape, ], slope, b — bl M)

Wow ~ Wo/T — .

« [iffractive bgr is well known (but has an irreducible part: Ay = V" — nw )
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Typical Event

| HI Emmrﬂ.;ﬁnumﬂ-;mmmﬁ ENC |

i Hlw MO0
07T BT KT ':'_151 swedo FHTOGIE QLIS Rde MRS [-13 Hi

r‘f{j B e .
FNC T T -
[z — T4 M) $3 52 1

Run 452469 Event 1118 Class: 14 27 ate 131072006
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a7 Key Experimental Ingredients

Improved H1 FNC (distinguish ({P) = 98%) and measure n and /")

—

located at z — 106m from IP Y
(A) ~30%for6 < o.smrad o |

Powerful fast track trigger (allows untagged soft <yp to be collectad)

L———T=

cJcy :
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: Analysis Summary

» Data sample
= 2006 — 2007¢T runs. /3 =319 GeV. £ = 1.1aph 7~ @600 events in final sample
= Trigger: fepyd = 08, {epsy =~ 1.0
¢ Tracking
= 2 tracks with pit = 0.2 GeV, 207 < &% < 160° fitted to event vertex z,.,| < 30 cm, net charge = 0
= Effective mass range: 0.6 < Af_ < 1.1 GeV (analysis): = a(pl) for 0.28 < M, < 1.5 Gey
« FNC

= High energy neutron, £, = 120 GeV, within good acceptance region: {4, < 0.75 mrad
s Background frachon determined from @, shape: F,.=10.36 4 0.06 {subtracted from the data)

e Exclusivity

= Mothing above ngise level in the detector except twe tracks from Y decay and the leading neutron

» Cross section measurement phase space and precision

= Photoproduction: 2 < 2 GeV?, 20 < W.p, < 100 GeV
= Leading neatron: 1,35 <7 wp < L83, gy, <0y - LAY GeY
= p' meson: 0.28 < M., < 1.0GeV, p. <1 GeV

Eﬁt-:.:lt — E&IE"':E' '% E.".i:'r'h - |5-5E"}; ""_E' ‘5||r_:||'r|| - n-E;.,:!}il'_l :" 'Et_r_ﬂ; - Iﬁ,ﬁl_,!-{:\-
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g p-meson shape
p"’ with Forward Neutrons ) o BW,(Mar) (22)
> ' H1 Preliminary _
é * HLdata (prel) M = 764 £+ 3 MeV
i - : BW .
E 5 ) S— E'—': BW:‘#RS | [ =154+ 5MeV
= L -- - interference term | L — :
% m — I:: ::I e g r't!rlﬁ'.',il_lll My 417 :i: (.27
B - ® —— full fit

Exclusive p" photoprodueLion
8- M

£ H1 Preliminary

{] B -'+ | 3 !
4 - .l |
®  TT alata {prely | ‘ '
o gL o TH-AY {vp - [t-"p}ﬂ |

- ; Hﬂet.ll_l'.ﬁ'f;‘ rﬂgjriun AELS- 1% (7p = pp)
0.5 1 1.5 .01 0,1 1
o p/GeV
M(n' 1) [GeV]

Analysis region: 0.6 < M, . < 1.1 GeV extrapolated using BW to the full range: 0.28 <2 Ad,» < 1.5 Gey



Control Plots for basic kinematics

Exclusive photoproduction of p" with Forward Neontrons

— 10 - ;
p- F === signal+hpr
E P ®  duta
= N signal (IOMI'YT)
= F e (1Y M
% ll]zlé-
j:
11 E . . o
0 02 04 0468 0.5 1
p;, [Ge¥]
o
LS00
2,

Gl

400

200

Data points are shown with stat. errore only;

: H1 I:I'I‘EI].ill‘i.illillrjfl

60 80 100
W, [Ge¥]

green band represents estimated bgr fraction uncertainty
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OPE and pion fluxes

B (W
el et

e — f#..-“p{ml.-j t}ﬂ-*‘_m({l_m.ﬂ}ti’rzj

Problem: too many different fluxes on the markat

drp J;l.-uan{xi'ﬁ.' T;’r;p(mr’ }dt . g_r_ﬂ{ﬂf?ﬁ}

ey, T pfar] B X T T T
| v o *  Tishari-0
where ¢ — — " 'L"—“:A.‘-'L‘.’*.-’.—T";“:L"-' = —— Holtmann
L i g _____ HPP
der b E =
— o g i o
Tox(War) = iy e and 7 ((Was)) = 2
=3 wlliwwed L-range
} T IE T I T I T
3
-
0.2 .4 0.6 L5 |
At
Typical examples:
Sat iplmp, 4} — 5 Ii:rﬁ S S e Gz f 5 oxp[— 1? mj-;t — H. Haltmann ot al., Mucl Phys ASU6 (1896) 631,
Fotin(Zp, th =2 Frki () ) hifﬁ exp —It2(m? — t)] — B Kopeliovich el al., Z. Phys. €73 {[1996) 125,

Um dmr




Pion fluxes confronted with H1 data

Example of fluxes excluded by the data

(too soft pions ‘in the proton’)

Fluxes compatible with H1 data

-2
Make restricted selection of w-fluxes on the basis of shape comparison only
i p' with Forward Neutrons y p’ with Forward Neutrons
E & TTI dala Jprula Hl P‘]’.El]l]]][lﬂ_l"j’ i E . & IT1 dalw (prel Hl l""l"E].I]flfllll::ll"'jr L
5 08 - N{l—v_null..l.i.:;d Fep it LR LR ) " 5“ 0.8 - Tu:lliir:lﬁz:‘:l::am: {
“: | — s B ~RPP
2 L —— Rishari-0 i
17 Y O L i QAN 7
0.4 7 04 e i
e - —— =
0.2 -—+— _______ J 7 0.2 _______l_____ 3
“ i i 1 i | i 1 i 1 i 1 “ 1 i 1 i 1 i | i 1 i 1
04 05 06 07 08 09 04 05 06 07 08 09
X X,
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3 Total cross sections

% . o Fon o erdum = Nh:_{r O
) T [ ey, QF)dydQ? L{A-e)F i

Where
Ny — diffractive dissaciation bgr from MC
£ — integrated lumingsity
4 - ¢ —correction for detector acceptance and efficiency
F — photon flux integrated over kinematic domain 20 < W < 100 GV - < 2 GeV-
', —numerical factor accounting for extrapolation to full o mass range

For OPE dominated range, 0,34 < &, <2 0.045, and 20 < W <100 GeV. &, < 0.75 mrad

o(vp — p'n(7*)) = (280 %+ 6, + 46.,,) nb

% yr((Wor)} = i

[ Frtiplxr, tidardt’
and for {W..} = 22 GeV

ga(ynt — p'nT) = (2.03 4 0.34.p, £ 0.51,,0401) b

Taking interpolated value of erf{~p — p%) = 9.5 = 0.5 pub at corresponding energy, we obtain

ro = ol jot = 0.21 4 0.06 fof v o™ (0032 £ 003 [ZEUS, 2002])

gL wewd
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Total ~yp and ~y7r cross sections

"4
Inner error bars — statistical uncertainty Inner error bars — tatal expearimental uncertainty
outer error bars — /stat? + sys? outer error bars — v/exp? + model?

p' with Forward Neutrons
— 5[“] i ] ; ] . 1 ! 1 : ] i E 5 i ] 1 I 1 1 1 I 1 I 1 I
E i H1 Pl‘EliIﬂil'Iﬂ[‘}f ] = - ® L (prely H1 Pre]jminarjr
: i o 2
L 400 B - - 4 I il
e ] a [
: * 1 :
300 - + . = Ir ]
200 - t o 2k 1 + + ;
[ & Hldala iprel.) i I
100 - — Pompyt 3 1 A
Feees G WY, B= o033 £ 006, & 013, -
n [ | i | i | i I i | “ [ I I i I i
20 40 60 80 100 10 20 30 40
W., [GeV] W... [GeV]

Regge motivated power low fit W# yields 8 < 0

Holtmann flux 1s used for the central values.

Model uncertainty ~ 23%
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Differential cross sections in n

p’ with Forward Neutrons

B

" @ I dataprery  HI1 Preliminary -

- —— Tompyi

do, /dn) [nb]

T g T

Tllah {p“}

Different energy dependence in data and MC is also reflected in 1; shape

22
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. Differential cross section in p?

p' with Forward Neutrons

= 1“ - , x
E - H1 Preliminary -
)
=
. 1 N.PZotov, VA Tsarev - 1978
% Soviet Journal of Particles and Nuclei 9{3)266-290
b- -
© ) ISR
= wegmm geam B
] 5 | %L .
® HI Daia {prel.) \ - rl_ K ;__.f_- i o
T —— Fit e 4 get IRt 1 'vtl
0.01 - b = 250 £ 6.1 GV, b= 328 £ 0.31 GeV© - L
: I L | L I L I T
% e
0 02 04 06 08 i UPF2—3 & ol
2 2 :
pl,p [G'EV] e A T T
M ()i GeV

Geometric interpretation: (r?) = 2b,-{he)? ~ 2 fm? = (1.68,)° = ultra-peripheral process

DPP explanation: low mass = state — large slope, high masses — less steep slope



p' with Forward Neutron

=

100 gty 0350, <050 (=3

-
L

* .50k, <065 (j=21
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-
oo aul

h65<x, <80 (-1

d’c, /(dx dp} )x ¥ [UVGeV']

o Hldata
Fit: E-l.l,,ix, rl"‘i’.u.

0 0.1 0.2 0.3
PL.[GeV]

. 8k<x, <0195 (G=00)
0.1

Figue 70 Duuble differsntiol coss seclion oy S lepepy ol neutsas in e cange 200
T, = 20 G fitted weich single cxponential funetions Tl cross seordons in different o, bins
aoare soled P the Fcloe 3 Lo Tsstesr visibilice, The inning schems it sbonen in ligue 2e. The
clula poamly s shasgn watl stasca L omme cevoe baes F and ol oouler croor bies § ungemaingics,
excluding an overall ormalization ernoe of 1%



p" with Forward

Neutron

P T ' | T '
E ¢ HIl data
| ===+ Bishari- |
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Figwe & The exponential slopes lived through the 32 dependence of the leadiog neatmns
i nmaiem ool . The twner o bars mepneent siaistcal emers amid Lhe soler emmer bas
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7 Summary

B Photoproduction cross section for exclusive p" production associated with
leading neutron is measured for the first time at HERA.

B Differential cross sections for the reaction vp — p"nn™ exhibit features
typical for exclusive double peripheral process.

B The elastic photon-pion cross section, o(yw! — pPx'), is extracted in the
OPE approximation.
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