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HERA, the World's first and only High Energy ep Collider
H1 Integrated Luminosity

Status: 1-July-2007
T T T T | T T

400

— electrons
—— positrons
—— low E

300 HERA-2 —

H1 Integrated Luminosity / pb”

HERA Beams
E.= 27 GeV Py i
E, = 920 GeV ey

HERA-1

Vs=319GeV

200

| | I I | I I ! | |
0 500 1000 1500

Days of running
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HERA Beams finally dumped
30 June 2007,
today exactly 10 years ago

Data Analysis still going strong

47 detector

| EDS Blois 2017 Prague, Czech Republic 26-30.06.2017 2/20 Jan Olsson, DESY




YT Scattering etp — e+p0n7r+, pO IN——

|
e £, N YT pO o -+
Y ; ' é P g n
A . \ T[:- Kinematic Variables:
P P v/ ep CM Energy (319 GeV)
- 4 W,, ~p CM Energy (20-100 GeV)
WYP # TC W,r ~m CM Energy ((W,,) = 24 GeV)
+ 1 Q? Photon Virtuality (Photoproduction)
T : xr Fraction of Proton Energy,
fa ‘ X =E n/Ep carried by Leading Neutron
P \_/ n PT,n Neutron Transverse Momentum
t t |4-mom. transfer|? at Proton Vertex
Double Peripheral Process (DPP): t |4-mom. transfer|? at v p° Vertex

Exchange of two Regge Trajectories
Virtual Photon from Electron interacts with Pion from Proton Cloud

First Measurement of Elastic yw™ — p’n™ Scattering!

Scattering on an Unstable Particle:
Suggested 1959 by Chew & Low Experimental Challenge!

Sensitivity to the Pion Flux: Valuable New Constraints for Models
Long Tradition at HERA: Exclusive Vector Meson & Leading Baryon Production
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Drell-Hiida-Deck Diagrams and Background

(a) (b) (c) (d)
pion exchange neutron exchange direct pole p dissociation
(Background)

Drell - Hiida - Deck (DHD, 1961,1964):
Three Diagrams a), b), ¢) contribute to the Signal Process
o(vyp — p’nnT) ~ |A, + Ay + Ac|*: Interference
Large s and small ' : A, ~ —A., m exchange dominates
For small masses M, _+, expect peak at small values in t’ distribution

Monte Carlo Simulation:
POMPYT for the Signal Diagram a) Pion Flux , One Pion Exchange
DIFFVM for the Background Diagram d)
and also for Reflections from w, ¢ and p’(1450—1700) production
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H1 Forward Neutron Detector, FNC

90V 81V BOH A11
B72  B67 (0515558 B47 Q42 Q303438 B2 BI82?  Q6-15
Bt
ZEUS
FNC
S6 S5 S4 S3 52 S1
Main Calorimeter: 8.9\ /)
o(E)/E ~ 63%//E [GeV] ® 3% FNC L
o(xz,y) =~ 10cm/\/E [GeV]®0.6 cm MAIN CALORIMETER
Preshower: 1.6\ (60X)
o(E)/E =~ 20%//E [GeV] ® 2% T
o(x,y) =~ 2mm
BEAM PIPE = ’
FNC located 106 m from L.P. S -
1 2 A
Lead-Scintillator Sandwich Il --MN=7.9
E 5 G| \ =
9 o 5 | S \ =
“Very Forward”: g | ke
8
n>"T79 (6 <0.75mrad) Y=
. 260 mm,
Azimuthal Coverage ~30% 600 mm W= ‘
- 260 mm |
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H1 Fast Track Trigger, FIT

Run 482469 Event 1118 Class: 14 27 Date 13/10/2006
Final visible State : i
Neutron in the FNC ' :
Two charged particles in the CJC H D U
3" pion is not seen ! NN E )

Low Multiplicity Track Trigger.
uses the
Fast Track Trigger FTT
based on CJC hits
75% efficiency
in analysis phase space

High Trigger Rate = Downscaling
Effective Integrated Luminosity
in this Analysis: 1.16 pb—!
(Total Lumi of period: 131 pb—1)

Trigger layers
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Event Selection and

Phase Space of the H1 Measurement

Event selection

Analysis PS

MMeasurement PS

No &’ in the detector

Q? < 2 GeV?
(Q?) = 0.04 GeV?

Q% = 0 GeV? &

2 tracks, net charge = ()
pr > 0.2 GeV, 20" <0< 1607,

from |z, | < 30 cm
0.3 < M. < 1.5GeV

20 < W, < 100 GeV
(W,p) = 45 GeV
pr,, < 1.0 GeV

0.6 < M_,. < 1.1GeV

20 < W, < 100 GeV

—# < 1.0 GeV?2
2m, < M, < M,+5T,

LRG reguirement

~ 637, 000 events

Neutron requirements
E. > 120 GeVY
A, < 0.75 mrad

xy > 0.2
A, < 0.75 mrad

0.35 < xp < 0.95
PT.n <. Ly * 0.69 GeV

~ 71000 events

~ 6100 events

~ BT 10 events

OPE dominated range

Pra < 0.2 GeV

~ 3000 events

+ The measured cross sections are determined at Q2 = 0, using an effective photon flux based on VDM
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The p® Signal

dN (Mzrr) o BWp(M'JT’?T) (

p’ with Forward Neutron

7. 1200 - ]
% i Hl * HI data ]
w _________ p“: B“r

N - — p": BWxRS 1
% ! - -+ interference term -
T 800 -- - reflection

% — full fit

M, )nRS(pT,p)

BW Shape distorted, due to interference
with non-resonant w7~ production
Distortion depends on pg .+,

Skewing Parameter npg
Ross-Stodolsky, 1966

Exclusive p" photoproduction
T T T T 1T || T T T T T TTT

g _'I
400 & i Hl _
6 [ el .
0 4 E_ \\LJI-II\ _:
anal s;':sfre on (El) I %+
- nalysis regic e R R
0.5 1 1.5 -G ZEUS-}S’SM-2 ('g’p - pp) .
+ - moTo fit n,(p+M") .
Y Y Y E
0.01 0.1 1
pr [GeV’]
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Helicity properties of p°

cp._— I I I I | I I T I | I I I I | T I I) I g 8 1 ' T T T ' T T T ' T T T ' T
2 08 © 4 = (d) 1
5. n Hl i 0.8 - Hl A a_,__,{---'(j""—'
3
© 0.6 e by _
£ 0.6 - ok 7]
o Lt
0.4 04 7]
o ¢  This measurement |
5 o ZEUS ¢p - p'p)
0.2 M _ e oa 02T s Hi1¢Yp-p'p)
I'ey = 0.108 £ 0.017 I fit [1'+§(M2!QI)K]—1
i 1 0 Lﬁ P _
0 [N T N N U TR TN TN NN NN NN TR MR M A NN RN L o oL L
-1 -0.5 0 0.5 1 0 4 8 12
cos U, Q* [GeV?]

1Y}, is the polar angle in the p° helicity frame

Access to the Spin-Density Matrix Element rgé

1 do __ .04 04 __ 2
o dcos 0y, o 1 TOO + (STOO 1) COs Qh

Selected 7+~ sample consistent

with p° Photoproduction
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Signal and Background Separation

b i : ¢ HI dom
P~ with Forward Neutron mu sigual+backgromd
E 1000 - 1 . 1 . 1 . 1 - ) B I —
= B signal+background - loband;
ﬂ-i » Hl data : S50 |
E gon|l —— Signal

- - - background

Events

. i i i
1N ] 0.2 oA 0. 0.5 0.&

Fi
lbl 0.4 D.Iﬁ D.IE 1
g 2000 — — ‘
g
- Signal and background different shapes & Ez
- Separation on statistical basis possible awl | & _
- Fraction fit to the data o Bhhe

Background Fraction: 0.34 +- 0.05
- Control Plots (shape comparison)

1 |
20 40 &0 HO 100

W, [GeV]

Events

Events

GO0
400
200

400
30
200
100

p[' with Forward Neutron

— signal |\ FPOMPYT
- - background (DIFFV M)

B0 = - 0 0 ok rm

0 0.2 0.4 0.6
P, [Ge¥]
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Cross Section Definitions

Photon Flux: VDM (J.J. Sakurai)

2
Qmin

1+(1—y)2—2(1—y)(

- 27wQ%y

Frre(ys Q*) = - { Q2

Pion Flux: H. Holtmann et al.

)
M? (1+%)2

| 1 92 N —t m2 —t
Az, t) =—""—(1 —= exp[-R®* —*
Frip(@Lst) 2w 4w ( L)(m-,z, — t)2 PR, ] — JI-'L}

R..,,: Radius of mn Fock state

G-ep

o N;latu = Nhgr

O p =

2 9 ’ Cp
J Iy/e(y, Q7)dyd Q- L(A-e)F

Tyr((Woz))

O~p

B f fxtp(@L, t)dardl
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RESULTS
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Cross section results

~p Cross Section Phase Space:

3 ot G (o)
0.35< 7 <0.95 S et
—t' <1 GeV? w L ‘
20 < W,;, <100 GeV 03 | \ - :
pra < L+ 0.69 GeV 02 o
0.15
OPE domination: Pr,» < 0.2 GBV—T;__:E{E.&%;:
0.2

Two intervals of neutron transverse momentum:

o(yp — p’nnt) = 310 &£ 644 £+ 45.5 nb

o(yp — p’nnt) = 130 &£ 344 £+ 195y nb

FNC Acceptance in =g, p% ., plane

=
n

(prn < L - 0.69 GeV )

(prn < 0.2GeV)

o(yrmt — p’nT) = 2.33 £ 0.34(exp)

1+0.47
—0.40

(model) ub  ( pr, < 0.2GeV)

(W) ~ 24 GeV
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Pion Flux: Data and Models
= 1 e ] = 1 I A T T T
= | & HI data (9,<0.75 mrad) = & HI data ($,<0.75 mrad) e -|- "'.:
Normalised to data: P Normalised to data: e _I_ u
§ 0.8 [ -m Bishari-0 f 7 5 08 ... s * + 7
= ===+ Holtmann i = NSSS
Fg KPP LALLLLY| %
0.6 ~-- MST e - o6F | @ lhesaas -
4 4P T
- 0.2F ¢ ....... ’ 7
0 ! i L | Ly 0 Ly L I B T
04 0.5 0.6 0.7 0.8 0.9 0.4 0.5 0.6 0.7 0.8 0.9
X, Xy
Inclusive DIS, Leading n
0.2 Forward Neutrons 70 <W < 130 GeV
w O.

Four pion flux models describe data fairly well

Two models (FMS, NSSS) can be discarded
already in the shape comparison

The One Pion Exchange part (RAPGAP-7) of
Leading Neutron Production in Inclusive DIS
has same shape as in Exclusive p Production
==> Supports neutron-proton Vertex Factorisation

1/6p,5 ;:Icldx
o

e
—h

0.05

® H1i Data
— CDM x 1.4 + RAPGAP-t x 0.6

H1

a | L | | L | |

0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

DESY 14-035 X
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Double Differential Cross Section at proton-neutron Vertex

p“ with Forward Neutron

— T T T T T ]
n ]
é r Hl 7 po with Forward Neutron
— — T T T T T
S 100 4y 03505 <050 (=2) ERR S e Hidata
— » ] (3 W Bishari-(
- —“.\'\‘\ E = —— Holtmann
. =
L L "
- . 50k, <065 (j=2)
ME 10 __ " _E
=] i ]
3 ' ]
E& .05, <080 {j=1} ) *  ZEUS 40 pb”
B B i 2 L Q:ZZ.GBV:Z o ]
r.lu 1 E 3 L] g;slz:l-:ichfc:rtaimy g
L ) Y B N N S N S
] 03 04 05 06 07 08 09 1
» HIl data . 1 ’ . )
0.80<x, <0.95 (j=0) - X X
Fit: e-bapd, R L DESY 07-011 :
0.1F E
C 1 | 1 | 1 |
0 0.1 0.2 0.3

p:.[GeV]

Exponential fit of do / dp%n;n in 4 bins of =,

- Steeply falling distributions at Large x .
- No Flux Model reproduces the Slope Dependence on xj,
Possible explanation:
Absorptive Corrections modify the Z-dependence of amplitude ?
- Compare: Leading neutron in inclusive DIS data (ZEUS)
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W-Dependence of yp Cross Section

~ 407
0 with Forward Neutron < | 0 == VDM & Pomeron (ref.[621)
— 500 — ' | ' I ' | ' | : 35 —— VDM & Pomeron (ref.[611)
= ! ] L
1 [ QL o low energy dato
5 400 _ T 30 s ZEUS 1993
i % C * H1 1993
i \.6/ 25:_ * ZEUS 1994
300 [- . !
[ ] 20
200 | . :
- 15
[ ® Hldata ] i
100 F — pomMPYT N 10-
[ -een fit W (5=-0.2610.06,,,10.07,) ] ;
[ . | . | . I . L] S
20 40 60 80 100 i DESY 97-23
W, [GeV] 01 ' "-"-'1'0 ottt

10
W (GeV)

Regge type fit of cross section: 6 = —0.26 + 0.06 + 0.07
o(yp — p’npiT) falls with increasing W
Compare to slow rise of o(yvp — p°p) Pomeron exchange, § ~ 0.08
Note: POMPYT with Pomeron exchange only
What about o (yw ™ — p'n™)?
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W Dependence of the Y™ Cross Section

0 TC+ o~ 40 B
5 Y «m1=9.<ﬂ_ -g - == VDM & Pomeron (ref.[62])
= T T P ] : 25 VDM & Pomeron (ref.[611)
= » HI data o Hl ] £ o’ n
- - ! il Q "{MN’:'< - © low energy dato
+ - 1 T
r O 4r p——&——n . T soF v s ZEUS 1993
. i i Q - " * H1 1993
[ ] ~ [ p—% i
'\ s ! o ZEUS 1994
+ - . b 25
B 3r } :
© I . 20}
2 i
I ] 151
1r j 10
0 . ] ! ! ! | ! ! ! ] ! ! ! i 5 B
10 20 30 40 - DESY 97-237
Green Band: WW[GEV] ol L w oa e e gl 5 g gl
Average from full W range, (W) = 24 GeV 1 10 g

10
W (GeV)

ra =0 /o =0.25+0.06 (<K 2/3 (AQM naive expectation)

ZEUS obtained 7oy = o/ /o = 0.32 +0.03 at (W) = 107 GeV (DESY 02-039)
Using Optical Theorem, Eikonal approach and Data, expect r.; = 0.57 = 0.03
Large Absorption Factor for present result: K.,; = 0.44 1+ 0.11
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Cross Section Dependence on t'

po with Forward Neutron

N'_| 10 - f T T T T T T T
> i
S H1
3 [ ] -
= q
Il | i Ir/-
"ﬁ 1 ”‘{ Tt el { >
2 I ] q
: | T
] R
0.1 g i .
+ HI1 data l
- —— Fit: a,e"" + ae™
0.01 | b, =257 £ 3.2 GeV”, h,=3.62 % 0.32 GeV? -
N | | | I 1 | | | | ] p
0 0.2 0.4 0.6 0.8 1

-t' [GeV?]

Strong change in slope, diffractive peak at small ¢’
Two exponentials fit: b, = (25.72 * 3.22,,,,. + 0.26.,,) GeV ~*
by = (3.62 + 0.30,5c & 0.10,,,.) GeV ™2

Geometric picture: (r?) = 2b,-(hc)? ~ 2fm* =~ (1.6R,)?> (b — 0.6R))
Ultraperipheral Process: Photon finds pion in cloud, outside of classical p radius
DPP Interpretation: Diagram interference, t’-slope depends on M+
Pion Dissociation component with large mass ?

Cannot be tested, since scattered 7w not measurable
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SUMMARY-1

Exclusive p° Photoproduction with Leading Neutron
measured for the first time

Elastic Photon-Pion Cross Section o(yn™ — pn™)
measured in the OPE Approximation

Single and Double Differential Cross Sections,
in variables zp, p7. , t', W,,, W,
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SUMMARY-2

Data sensitive to Pion Flux:

a1, distribution excludes some models
x 1, dependence of neutron pp-Slope:
not reproduced by any Pion Flux Model

do /dt’ shows typical behaviour of
DPP, Double Peripheral Processes

Ratio 0" /o] < Expectation
Suggests 60 % Reduction
Large Absorptive Corrections?

The HERA data still provide new results,
10 years after End of Data Taking
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Backup
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Factorisation of the proton- and photon-vertices ?

p" with Forward Neutron
f

og 10 F ' ! ' ! ' o 10} [ T T T T T ] dq 3 T T T T T T
w F e [ ® b, 1 = [ ® Hldata ]
% Hl ﬁ A b o : 1
= . 1 = $ + — | 2} .
"t F E + |
z F I
b?—! 10 3 i . 4
g i i [ ]
] a4 tr i ]
0.1 § ] + i i )
H1 data [ * ]
Fit: a,e™ + ae™" | ! L I 0 ! N . | .
0.01 | b, =257 £ 32 GeV?, h,=3.62 % 0.32 GeV’ S 0.4 0.6 0.3 0.4 0.6 0.8 1
i 1 I 1 I 1 i 1 | 1 ] x' xL
0 02 04 06 08 1 100 | L e
-t [GeV’] " - e b, £ [ ® Hl dota
3 [ A b, © i
4 [ ] [ :1 '* * L3 - _
Redo ¢'-Fit with 2 Exponentials: | :
[} e ® L] 2 10 F 1 :‘ 7]
in 4 Bins of 7, in 2 Bins of PT.,, ; i
7Y
Slopes by, ba: Dependence on x, . f
2 9
Or On L] I | T T NN T S S T S R W T N S S
pT’n ! i 0.1 ﬂ.!j L3 “'I]' 0.1 0.2 .3
= = By, [GeV7] Pr. [GeV]
Determine U(’Yp —" P nﬂ-+) Horizontal bands:
in 2 Bins of t! — o1 / oD Average fr012n full range
9 of xj or Pry,
in 4 Bins of ;, in 2 Bins of PT.n
o1/02: Dependence on xj, or on p3.  ? No Conclusions ...
’
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