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2 HERA as a ‘4 P’ facility
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Here for the first time we investigate the reaction involving all these objects simultaneously:

V+Pp — p'TTn




Introduction

e First observation of exclusive photoproduction on (virtual) pion

> Unique for HERA (before that v, 7w beams did exist, but no target)

> Extends further (very powerful) VM field at HERA

> Additional constraints to pion flux models

> Information about absorption effects in leading baryon production at HERA

e Key observables:

> xp = E,/E, (or ¢ =1—=x) distribution: ~ f/,(xr)

> W dependence: ~ W? — nature of exchange object(s) Y W‘U‘\,Cq t
q

> t-slope of p° (b o< R? in geometric picture)
R TU

e Main experimental difficulty: 4 .

> Trigger (tagged vp —too large W to observe VM,;
untagged ~p — too high rates/prescales)

>> Limited acceptance for forward = and IN (71ap > 6) P



Reaction of interest and the analysis phase space

V+Pp— 0Tl n
L>1T*1T

Photoproduction: Q? < 2 GeV? ({(Q?) = 0.04 GeV?)
Low py: It| < 1 GeV? ({|t]) = 0.20 GeV?)
Small mass: 0.3<Mm,r<1.5 GeV (172 50)
nt, 7w~ in CT: 20 < W,, <100 GeV ((W.,) = 45 GeV)
Leading n: FE,>120 GeV; 0,<0.75 mrad

|

No hard scale present = Regge framework is most appropriate



5 Drell-Hiida-Deck diagrams and diffractive background




5 Drell-Hiida-Deck diagrams and diffractive background
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Properties (S. Drell and K. Hiida (1961); R. Deck (1964); F. Hayotetal. (1977); A.Kaidalov (1979))

e Atlarges and ' — 0 A, ~ —A, and w-exchange dominates

eo(yp — p’nrt) = |A, + Ap + A |? ‘ Interference!

e At small M,, .+ — prominent peak in t’ (kinematics + interference)




Typical vp — pYnnT Event

| [ ]
0=0.75
- N E
“ E
; 1113 proton
\ 1’ o e
FNC
260 mm (z = 106 m)

H1 Forward Neutron Detector, F)

9V 81V 80H

56

B77

B72

B&T

B47 {42 303438 BZe BIS22 Q615

§5

6l
51,5559

15— — O

83 82 51

U\@ Run 482469 Event 1118 Class: 14 27

Date 13/10/2

il
[

<

Hnin
nien

\

\

\
T

£

D06




Key Experimental Ingredients

Improved H1 FNC (distinguish ({P) = 98%) and measure n and ~/x°)

FNC 3 ¥
IMETER

located at z = 106m from IP
(A) ~ 30% for 6 < 0.8 mrad ~ + |

# | Preshower: 60X, Main Calo: 8.9\ e-a_-;m«

600
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Powerful fast track trigger (allows untagged soft vp to be collected)

Data sample: £ = 1.16 pb~!

~ 7000 events

Precision: Ostat = 2%
6sys = 14%




p-meson shape

8
o’ with Forward Neutron INWes) o BW,(Mirr) (o )"RS
— T I . T I T I , , , . dMnr P T Mzrr
*'> 1200 ; 7
®
< -H1 0 - kv M = 764 4 3 MeV
= — p:BWxRS I' =155+ 5MeV
= ---- interference term -
g gooF 0 el ?Olﬁfled'o” Excluswep photoproduction
= — full fi 0 L A
= H1 |
- . .
400 : Py ;
4f RN
0 - e Hldata +
21 0o ZEUS-1994 ¢p = p%p) ]
. 2 na2\B
- ' (a) f T fit no(pr+M?) i
| | allla]ySIS Il'egloln | | | O _II | o | » I(II))I”_
0.5 1 1.5 0.01 0.1 1
M(TTTT) [GeV] pr [GeV’]
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0 p-meson decay angle
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10 S/B decomposition and Control plots

P° with Forward Neutron
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11 Cross sections definitions

Oyp = (:ITT O = ‘}—7:
+
B, = [ f1/e(y, Q*)dydQ? € Q—— T Ty = [ fusp(an, t)dapdt
+ 1
T[: fT[/p
P O n

VMD:  fy/e(y, Q%) = - 1+ (1—y)*—2(1—y) (Qmi“ _ 2 )] ( !
1+

2mQ%y Q> M? Q2)2
Mg
192 & —t m2 —t
OPE: (T, t) = —225(1 —x exp[—R? —F —
Fatp(@L:t) = 5= ¢ L)(mg—t)2 S —



12 Total cross sections

Oy — Tep L Ndata — Nbgr .C
T [ fae(y,@)dydQ?  L(A-)F T

Where
Ny —diffractive dissociation bgr from MC
L — integrated luminosity
A - € —correction for detector acceptance and efficiency
F — photon flux integrated over kinematic domain 20 < W < 100 GeV, Q? < 2 GeV?
C, —numerical factor accounting for extrapolation to full p® mass range

For the range 0.35 < 1, < 0.95 and averaged over 20 < W,, <100 GeV

o(yp — p'n(xw™)) = (310 &£ 644t £ 455y5) nb|  for 8,, < 0.75 mrad

o(yp — p’n(7™)) = (130 % 3gat &= 19ys) nb| for pr,, <0.2 GeV

o O~p
% 7y ((Wom) = [ Frt jp(@r, t)dapdt’

and for (W,,) = 24 GeV

ga(yrt — p'nt) = (2.33 & 0.34(exp) 530 (model)) ub




13 Energy dependence of the cross secti(mw_> Onmt

P° with Forward Neutron
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14

do,/dx,_[ub]

do,/dx,_ [ub]

Constraining pion flux
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15 Estimate of absorption corrections
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do,, /dt [ub/GeV]

Differential cross section inp?

p® with Forward Neutron
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Differential cross section inp?

16

p® with Forward Neutron
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Geometric interpretation: (r?) = 2b;-(hc)? ~ 2 fm? = (1.6R,)? = ultra-peripheral process



o Differential cross section inp?

p® with Forward Neutron 5
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Geometric interpretation: (r?) = 2b;-(hc)? ~ 2 fm? = (1.6R,)? = ultra-peripheral process

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



17 Summary

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

W Differential cross sections for the reaction vp — p’nw™ exhibit features
typical for exclusive double peripheral process.

B Elastic photon-pion cross section, o(yn™ — p’x™), is extracted in the
OPE approximation.

B The estimated cross section ratio o) = 0" /o’ = 0.25 £ 0.06, suggests
large absorption corrections, of ~60%, suppressing the rate of the studied
reaction vp — p’nn.
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16 Model calculation for pn — p(w~n) at /s = 14 GeV

V.A. Tsarev and N.P. Zotov, Sov. J. Part. and Nuclei (1978

t u S
ﬂ—Tf a 7 a 7

I | 2 3
h—mal e O b ——— T A

a & 8 £

Pue. 17. Omarpammur JIX!] nona mponecca &+ a-—» 2 -4+ 3 4 It

a — f (nrararpaMmMa; § — u-IHArpaMMa; ¢ — s~THArpaMMa

Ecam B ammimrynax A, n A, nupereGpeds connoseva GakTopamm,
to u3 (17) m (19) moxyumm

Ay = (u—m?™ exp [(by/2) (u—m?)];
Ay 2 — (M — sg) ™ exp [(by/2) (M2 —s,)).
[Mockoasry ma (13)

T —

To Opm Maaux & m t)d, +A4, =0

[5—7, 30, 31]. Tlpm yuere cunua

do/dt, , mbapr/rabre)’

=
R

Puc.

e
s,

=
o
|

- | AE"-AH +"£'I-F.|j

| 4ql”

21.

04 ~t,(F28/c)?

Brpagsl m-, - @ s-gHACpaMM
IX[T & doldt, [37]



20 p — nw T vertex, pion flux and OPE validity

e
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‘ Any new experimental information on the pion flux is important!



21 Event selection and the Analysis phase space

E, > 120 GeV
0,, < 0.75 mrad
rrnc < 2.5CM, ypne < 7.5CM

xr > 0.2
0,, < 0.75 mrad

Event selection (2006 — 2007e™ p) Analysis PS Measurement PS
Triger s14 PHP (VDM flux: o — 0-p)
No e’ in the detector Q? < 2 GeV? Q? = 0 GeV?
p°
2 tracks, net charge = 0
p:>0.2 GeV, 20° <6< 160° 20 < W, < 100 GeV | 20 < W,,, < 100 GeV
from |z,x| < 30 cm Dt < 1.0 GeV Dt < 1.0 GeV
0.3 < M., < 1.5 GeV 0.6 < M, < 1.1GeV| 2m, < M, < M,+5T,
n

0.35 < x, < 0.95
Ptn < 0.69 - xp GeV

~ 7000 events

~ 6100 events

~ H770 events

o~~ (OPE dominated range) OPE1
OPE2

Dt,n < 0.2 GeV

(~ 3500 events)

prn < 0.2 GeV, 0.65 < zr < 0.95 (~ 2200 events)

L =1.16 pb™! |6 = 2.0% D Osys = 13.9% D Gporm = 4.4% = Opor = 14.7%
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FNC Acceptance sketch
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Differential cross section ar~p/dxy,
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Estimating the value of K 3¢

e Optical Theorem (plus exponential ¢ dependence):
doe/dt |,_,= bei0el 0'1;201;3 = O X a'tzOt /be

e Relations between elastic slopes (b x (R?); b;; = b; + b;):
biz2 b1+ by by + b, b12 1

__ bao—bog

Ty = — = = _ _
’ bis bi+bs (b1 +bz) + (ba+b3) —2bs  bia+bys — by 1 bro

e Data at /s ~ 24 GeV (for vp — p°p an interpolated value of b.,, is given):
P

bpp = (11.7£0.2) GeV™2; b1, = (9.6 £0.25) GeV~?; by, = (9.75 & 0.50) GeV 2

e Ratiory, (1 =7, 2=p, 3 =="):

= () () = (=) (3 =t 0m

b’)’ﬂ' Otot

e Absorption factor:

rei(measured)  0.25 4 0.06
Kaps = = = 0.44 £+ 0.11

ro(estimated)  0.57 4 0.03




25 Cross sections ratio

H1 (2015) ZEUS (2002)
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Large absorption effects!

Optical Theorem: % |i—o= be10er ¢ o-t?ot ‘ Tel = ( ) (Opat/Toa)?
Eikonal approach: b= (R?); by=>b+b

World data: (bpp~11.7, br+,~9.6, b,,~9.75) GeV~2



2 Absorptive factors, K 35, In different PHP reactions
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