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HERA e*p Collider at DESY D

o E. =276 GeV

(990 o
NV} o E, = 920 (460) GeV
o /5 =310 GeV

o Lint ~ 0.5 fb~1 per experiment

Status:  1-July-2007
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Diffractive p° — 77~ Photoproduction at HERA @i

e electro- — photoproduction
Q% = —¢?> — 0 GeV with quasi-real

e measure 7w~
BR(p® — 7t71™) ~ 100%

e vp c.m. energy W,, = +/(q+ p)?

do/dt ~ W:ﬁ,alp(t)_l) — slow rise due to soft IPomeron exchange

p
+x—p ki AL
e momentum transfer at p-vertex t = (p — p’)? TP — 7T T KSR
do/dt ~ exp(—b|t|) — steeply falling Wap = \/2Ep(Ep — pz,rr)

t=

SRy
pT,‘rr‘rr



Diffractive p° — 77~ Photoproduction at HERA @i

o other contributions to 77~
other exchanges, vector mesons, non-resonant, ... ,

(@)

(k)

e proton dissociation
2 _ 2 2 ;
p'? = M5, > m; — dominates at large [t|




Detecting 7" 7~ Photoproduction

—— Event Topology —

e two oppositely charged, central, back-2-back tracks

e p1 <1 GeV: often no signal in calo
e photoproduction: €’ undetected (@2 < 2 GeV?)
o diffractive scattering: p’ in very forward direction =~ ~°=
FTS(28m)
elastic p' |]]] ul I -
T ft—F |- 2 H
P -AaiISsO- tracker =
. ra idit (]
ciation p Y- Bl
| TTLLL
—— Challenges — z4_1 | muon
e trigger: L1 track trigger e ) E P

e elastic vs proton-dissociation: tag using forward detectors

e Q2>0, My # mp: kinematics under-constrained

e tracker acceptance: many (small) backgrounds
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Data-Set - MC Modelling

e /s =319 GeV 2006,/2007 positron data set
e £ ~1.3 pb~! (downscaled)

o ~ 7-10° selected 7+ 7~ events

m7T7T
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—— Modelling by DiffVM MC —

o wtm~ signal: elastic & proton-dissociative

— tuned to data in Wy, mgq, t
— models also w, non-resonant — 77~ contributions

backgrounds:
S w—atr 7
— ¢ —= KTK—, KsKi, ntn—7°, pr, ny
— p/ = pnw, wrTT

— v-dissociation — hadrons via JETSET

0

proton-dissociation:

— do7P /dM2 o« (1/M3 )% ® measured resonance structure

N My < 1.9 GeV: N* resonance with measured decay channels
My > 1.9 GeV : p’ — hadrons via JETSET

—— Phasespace: —
15 GeV < Wap <100 GeV
03 Gev < Mpyn <15 GeV
p%_ﬂm ~ 1t <2 GeV?
(@ <2 GeV?)
(My <10 GeV)
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Data-Set - Control Plots

" x10°
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77~ Cross-Section Determination

— Differential Cross-Section Definition — —— Unfolding Particle Level Cross-Sections: —

y e subtract backgrounds
Ninfolded (Wops M)

do(yp — mt77Y) . - :
—— " (Wyp,Mpr) = e correct signal for detector efficiency and resolution
dmzqx Lint Amzpr ., 7o(Wop)*
e separate elastic from p-dissociative contributions
—— Reduced Fiducial Phasespace R o regularized template fit using TUnfold
response matrix schematlc
206V < W, <8 GV J§ HII:]
04GeV < mgx <12 GeV £ of - T
-t <15 GeV? E —at——
Q@ <01 Gev? 3
elastic: =
My —=m, GeV <
p-dissociative: 2
Mp < MY <10 GeV rrec notag " singletag  multitag -bkgl bikgN

reconstruction Ivl bins
e p-dissociation separated using 3 tagging control regions
e (MC) backgrounds normalized in 4 control regions

B ice o bin-center correction! e regularize curvature to minimize global correlations

photon-flux ®_ (W) using Weizsicker-Williams
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do(yp — 777~ Y)/dmy, vs m.; & Fiducial 777~ Cross-Section @

< unfold 1D m, ., distribution

8.4 05 06 07 08 09 1 11 12 13
m,.. [GeV]

%) H1 Preliminary t data-M,=m,
O 70f@?<0.1 Gev? T - . uncert. ]
'% 60k data-m, <M, <10 GeV ]
® 1] -.uncert.
[
E 50
S} — Fiducial Cross-Section: —
> 40 ] ofub]  stat.[ub]  syst. [ub]
B vp—ata~p 1136  +0.04  +1.17*
B 30 1 yp =ty 517 +0.04 +0.94*
T *not fully evaluated
g 20 1
8 10 1 — Main Sources of Uncertainty: —
e trigger
0 : : P d )
—— 16 . . . e forward tagging
|2 e calorimeter
53 +l=’
+|;> [ 0.8;
T
BE
olb
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Extracting o(vp — p°Y) by Fitting m,, Distribution

do‘ N . f Bnr(m7r7r) 2
———(Mxx — — |RBW,(Mxr) + £ e ®o RBW, (Myy ) + fppei®r T2
dm'rr'rr ( ) (1 + fo + fnr)2 ‘ p( ) = -( ) " nr(mp)
Extended Sodi Model % 7 _H1 I‘Drelimin‘ary | ‘ 0‘ date; E
gstenced Soding Viode 0} Q< 0.1 GeV? [ - . uncert.
. &O, w(782) and non-resonant contributions 'QE_. 60FMy =m, — fitext. Sadin% E
® 2 — -rel. BW(p°) ]
e added on amplitude level including global phase EE 50 - non-resonant
differences ¢, Pnr S 40fF — -rel.BW(o) E
= - interference terms
e p° and w modelled by relativistic Breit-Wigner with ® 30 E
mass-dependent width: [T} E
T
Ty 10 7
MprMyM r(mTrTr) o
i mZ, — m%/M +imyml(mex) 3 13
e non-resonant background model:
) s £ 1.3
Mpr — 2My n A
B = A :
nr <( e — 2mn)E + /\%r> “R\? gmumﬁﬁigﬁﬁﬁziﬁﬁﬁ%ﬁ
T 07— ‘ : ‘ ‘ ; :
o p° dominant, but significant interference contributions © 8.4 05 06 07 08 09 1 11 12 13

Myn: [GeV]

Y .



Extracting o(vp — p°Y) by Fitting m,,

Distribution

e elastic & p-dissociative fit together

e different non-resonant contributions — shape differences

= 40 . . . . . . . .
% H1 Preliminary t data
O] 35FQ? < 0.1 GeV? - . uncert. E
=l 30E™e <My <10 GeV — fit ext. Soding
T —— -rel. BW(p?)
' 25F - non-resonant 1
E —  -rel. BW(0)
§ 20 N - interference terms
r® 15
(3
T 10
a
= 5
8 0
-5F ) ) ) ) . ) ) ) E
c 14
A_Q
5 1
3
= 086
© 04 05 06 07 08 09 1 11 12 13

m,.- [GeV]

fitted parameters:

my =T771+1 (stat.) MeV

o =150 £ 1 (stat.) MeV
systematic uncertainties not fully evaluated

[ub/GeV]

T

do(y p — ' p)/dm

data/<fit>;

70 tH1 Preliminary ¢ data E
Q®<0.1 GeV? - uncert.
60FMy =m, — fit ext. Soding 9
—  -rel. BW(p?)
50F - non-resonant E
40F — -rel. BW(0) 1
- interference terms
30 1
20 E
10 E
0 ]
-10F E
1.3
gﬂwwp hl{ﬂlﬂﬂlﬁ“ﬁﬁﬂgslﬁﬁﬂ
0. ‘ ) =
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do(yp = 77~ Y) /dMrx(Mrr) in 16
S A Ty — T
unfold 2D my . ® W, distribution — § ““:{!;ﬂ*ﬁgm 13 w""“f = 1
i rTp— = El
%:gsuiwm.d E
* 2 s
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3 : =1
T

do(yp— %% plidm D/GeV]
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e
L
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dataitn,,

—a(vp = p°Y) —
o parallel fit of 1D do(yp — 77~ Y)/dMmxr(mzx) in Wy, bins

e many model parameters W, ,-independent

(no significant dependence observed)
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do(yp = o™ Y)/dmmr(m,m) in 8 proton-dissociative W, bins

. 0 ibution: 3 o mw o 3 i o 3 o g| Py o
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a(yp = p°Y)( @

o5 T elastic T T T . e all cross-sections from fit function integral
|'!1 Preliminzary Pl e proton dissociative cross-section shaped by
Q"< 0.1GeV phase-space restrictions
My =m, o0

[0.28 GeV < m,- < 1.53 GeV proton dissociative

20

H1 Preliminary

Q%< 0.1 GeV?

[ my <My <10 GeV

0.28 GeV <m,,. < 1.53 GeV

i non-resonant

o(yp — ' p) [ub]

¥ non-resonant

8l 4

o(yp - w7 Y) [ub]

% 30 40 50 60 70 80
W, , [GeV] W, , [GeV]




Summary @

—— Comparison w/ Previous Measurements —

= 30r : ,
Ke} =
= H1 Preliminary M = m,
= Q@< 0.1 GeV? data
‘e p5[028GeV<m, <153GeV T xW 1 — x+tn— Data-Set —
T : ::e:igtg;get analysed large H1 7" 7~ photoproduction data-set
& }  ZEUS 1995, 1998
© 20F k _ .
0 m, <M, <10 GeV — mmw~ Cross-Sections —
extracted differential 77~ cross-sections vs. myr,
[=] data X . ;
full unfolding allows to correct under-constrained kine-
151 7 matics, extrapolate to small @2, and
} H separate the elastic from the proton-dissociative compo-
‘}' { nent
10 % ]
— p° Cross-Sections —
. " - ;
5l ‘}' ] applied extended Séding model to w7~ cross-sections
Hﬂmﬂﬂﬂg pO, w, non-resonant 7w~ and interferences considered
allows to extract p® cross-sections, W,, dependence
G n I I >
1 10 10

W, , [GeV]
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Advertisment for Poster #92: Higher Mass p’ Resonance(s)

e further p resonances have been observed at higher mq
mg ~ 1700 MeV

e also present in H1 data in extended range my, < 2.2 GeV I'p/ ~ 300 MeV

e see also poster #92:

Exclusive Photoproduction of 2n+ 27w~ Final State at HERA no evidence for p(1450)
E H1 Preliminzary
5 @ <01 GeV - - uncert. o fit extended Séding model with 3. Breit-Wigner
8 102y =m, — fit ext. Soding E . ; # L
=, - rel. BW(pY) to consider single p’ contribution
EE - non-resonant e elastic & p-dissociative fit together
5 " 22 A — - rel. BW(p)) ]
= 10 / - interference terms = " T T T T i
Q [ H1 Preliminary + data
'‘© [©) 102 Q% <0.1 GeV* [ - . uncert. 4
+ g m, <M, <10 GeV — fit ext. Sbding
B 1 = e ——  -rel. BW()
® L - - it
T £ 10 oo
S_- §~ - interference terms
g 10" 81
N
a 10"
=
3
/\% 1.3 ia 102k
£ o - ﬁ“ﬁﬁgﬁ—m < 15
= g Eﬁgﬂ ﬁ QE ;é 1 ; i Ll mll
g 07 . . . i . 3 il g A -
° ’ & 05
04 06 08 1 12 14 16 18 2 22 8§ 082706 08 1 12 14 16 18 2 22

m,.. [GeV] m,.. [GeV]
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Fit Elastic do(yp — 77~ p)/dmy; (Mzr) in W,, Bins

R b T R § e .

3 — g 60EM, =m, — fitiunclon g 60 L, — fitfunction g o . — fitfunction
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Fit Elastic do(yp — 77~ p)/dmy; (Mzr) in W,, Bins

3 8ofH1 Preliminary + daa 3 80 H1 Preliminary 4 data 2 H1 prlminary + data % IH1 Preliminary 4 data
[} G <0.1 GeV* D - uncert. 9 Q<01 GeV* [ - uncert. [44 auozdu QD - . uncert. [} Q<01 GoV® D - uncert.
5 M, =m, — fitunclon e My = m, — fitfunction g it funot g i
60[37 < W, , [GeV] < 40 A - rel. BW(p") = 6054 <W,, [GeV] <59 iz —  -rel. BW(p?) =
3 i 7 E 3
el i - non-resonant ] ¥, - non-resonant 5 _g
~ / —  -rel. BW() = — -rel. BW(©) i~ =~
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% Q%< 0.1 GeV? . uncert. O 70FGP<0.1GeV? [ -. uncert. % Q<01 GeV? [ -.uncert. [0} <0.1 GeV* @ -. uncert.
M, =m, — fit function 4 M, = — fit function 3 M, =m, e — fit function g = — fit function
2 oS0 [cevi<ss 1ol BW) 2 600N cevi<ss e ) S 600w, evi <o iy —  -rel. B 2 60w, cevi<so rel.
£ 60| e £ ve £ £ vo
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Fit p-Dissociative do(yp — ntn~ Y)/dmyr (mz,) in W,

p

% H1 preliminary } data % 40FH1 preiiminary 4 data % 40lH1 Preiminary b data % 40FH1 preiminary 4 data
S 40fcF<o1 cevt uncert. G oot @D - uncert. I} Q<01 GV uncert. G g5iG<01GeV @D - uncert.
8 m, <My <10 GeV — m function g m, <M, <10 GeV — fit function § m, <My <10 GeV — m function | m, <M, <10 GeV — m function
E 20<W,, [GeV)<25 [ - rel. BW(®) ‘E 30725<W,,[GeV] <20 T 30p8<W, GV <33 - rel. BW(®) ‘£ 30p3<W,,[GeV] <37 P rel. BW(p?)
5 30 - non-resonant S ] 3 - non-resonant S
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