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) HERA: The World’s Only ep Collider

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

Final Data samples
H1+ZEUS: 2 x 0.5 b1

Status: 1-July-2007
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VM Measurements Landscape at HERA

@ e
N

Covered PS at HERA

y*

2 2
V= pw.6. 0/, 0<Q <100GeV

W 20 < W < 305 GeV

0 < |t| < 30 GeV?

\__/ Y

t

Hard scale can be provided by Q* and M7, (at v* vertex) or/and by || (at p vertex)



3 VM Measurements Landscape at HERA
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Hard scale can be provided by Q* and M7, (at v* vertex) or/and by || (at p vertex)

e H1 and ZEUS published in total ~ 40 papers on VM topics.

e In this talk most recent publication of H1 collaboration is presented:
Eur.Phys.J.C80 (2020), 1189 ([arXiv:2005.14471]).




4 Modelling VM Production at HERA
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VDM & Regge CD picture (o o< W1+ _,q5° T (qq)p* ¥ qg—V)
soft IPomeron exchange (ap(t)=ap(0)+apt) hard IPomeron diagrams
ap(0)=1.08; a/p=0.25 ap(0)~1.20; ap~0
o o Wer—1) o x [zg(z, Q%))
Questions of interest
e vp Vs hh - is IP trajectory universal? e Direct access to (low x) gluons
e Is IP trajectory indeed linear? e DGLAP vs BFKL evolution
e Transition to hard regime: when and how? e Confront o 4q), Models with data

= Pomeron and QCD vacuum structure



5 H1 Detector

e Central Tracker: drift chambers and Fu
two-layer silicon strip detector
(20° < 6 < 160° used in VM analyses) D ‘ ‘ 7r+
agger Bl
e EM+Had Calorimeters 5 HHH%
(4° < 0 < 178°) 28m | | %_
e Forward Detectors: Fu,Plug,p-tag

(effective pseudorapidity coverage 3.5 < Map < 7.5)

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

Separation of EL and PD events using Fwd tagging

zero-tag fraction
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Data Sample and MC modelling

15 GeV < W, < 90 GeV

0.3GeV < m,, < 2.3 GeV
P} . = |t| < 3 GeV?

Q? < 2.5 GeV?;

L =13pb~! ~ 944,000 events

My <10 GeV
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DiffVM MC (Regge + VDM)

e w7~ signal: elastic and p-dissociative

tuned to data in W, mrr, t

includes also w — 7@~ and non-resonant
7+a~ contributions

e backgrounds:

w— mtr— 0
¢ - KTK~, KsKi, ntrwd, pT, 1YY
p — prw, 4w

~-dissociation: Mx —hadrons via Jetset

e proton dissociation:
continuum & resonances; do.,,/dMZ oc (1/M32)°

My < 1.9 GeV: N* with measured decay channels
My > 1.9 GeV: p’ —hadrons via Jetset
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w77~ Cross Section Determination

Analysis phase space

Fiducial measurement phase space

15.0 < W,, < 90.0 GeV
lt| < 3.0 GeV?
03 < mgr < 23 GeV
Q? < 2.5 GeV?

my < 10.0 GeV

200 < W,, < 80.0 GeV

|l < 1.5 GeV®
0.5 < Mmer < 2.2 GeV
Q? < 25 GeV?
elastic: my = my,

p-dissociative: my, < my < 10.0 GeV

Unfolding particle level cross sections:

e subtract backgrounds

e correct signal for detector efficiency and resolution

e separate elastic from p-dissociative contributions

Regularised template fit using TUnfold package

Detector-level bins
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9
S e Unfolded 1-D m.. distribution
% 10°¢ H1 my =m, ;
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<_ : .
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Main sources of syst. uncertainty:

e trigger
e forward tagging

e calorimeter

= Fit mass distribution around p° with S6ding-like model



Extracting p” Cross Section
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do(yp —

W dependence of elastic p® cross section

Unfolding 2-D distributions W_7*¢ @ m%°

") ubyGev)

and fitting simultaneously in all W.,,, bins = 30 t Data .
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Regge-like fit yielding x2 /ngor = 84.3/43
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t dependence of elastic p° cross section

ata ---- Rel. 0 . . . .
H1 ?ottal uncertainty Eoln—izvmggni Unf0|d|ng 3_D dIStrIbUtlonS tTeC ® W’;':;C ® m;if

my =myp .
— Fit ---- Interf. terms
1000f 4l st ostsemsard osisomane Lozl oo e (the underlying response matrix has 1243gctector X 882¢ruen DINS)

Simultaneous fit yields x?/nq.¢ = 804.0/607

+ - + + + -
1000 Fo.o < [t < 0.036 GeV2T0.016 < 1] < 0.036 GeV2 T 0.016 < 1] < 0.036 GeVZ T 0.016 < 1] < 0.036 GeV2]
20 < W,, < 28 GeV 28 < W, < 38 GeV 38 < W, <50 GeV 50 < W, < 80 GeV

Shrinkage: b (W) = bei(Wo) + 4ap log(W,, /W)

y ; ; _ } ,
1000 [o.036 < 11 < 0.062 Gev> T0.036 < [1] < 0.062 Gev? T0.036 < |t] < 0.062 Gev> T 0.036 < |1] < 0.062 Gev>"]
20 < W, < 28 GeV 28 < W, < 38 GV 38 < W,, < 50 GeV. 50 < W, < 80 GV 1 4 T T T
—
N 1
2
= t| < 1.5 GeV
} f } f D) _
500 v <ki<o1Ge] ou2<pi<01Gev ] 0062<] <01 G L 0062 < 1] <01 Gev? | 1 2 L My = mp .
20 < W, < 28 GeV 28 < W, < 38 GeV. 38 < W, < 50 GeV 50 < Wy, < 80 GV
—_—
-
= -
'Q e
L.
+ + + + it ’
500F 1< [t} <015 GeVZT  01< [ <015 GeV2 T 0.1< [t <015 GeV2T 0.1 <[] <0.15 GeV2 ] 1 O B T h
20 < W, < 28 GeV' 28 < Wy, < 38 GV 38 < Wy, < 50 GeV 50 < W, < 80 GeV' ¢ /‘/‘/‘/
: . % T .
Pia L ’04 ” " P4
. . . . . . .- .
; ' ' 8 y
' 2 ' N T ) T > B -1
200 015< <023 GV T 015< |t/ <023 GeV” T 0.15< |t < 023 Gev” T 0.15 < |¢] < 0.23 Gev” |
20 < W, < 28 GV’ 2B < W,y < 38 GeV 38 <W,, < 50 GeV. 50 < W, < 80 GeV' ]

% % + pY data
% ] — 2D H1 fit: b(W,,)
| : Fixed target .

o
t t t +

0.23 < |f] < 1.5 GeV? 0.23 < [t] < 1.5 GeV? 0.23 < [t] < 1.5 GeV? 0.23 < [f] < 1.5 GeV?
20 < W,, < 28 GeV 28 < W, < 38 GeV 38 < W, < 50 GeV 50 < W, < 80 GeV %

> H1
o ZEUS

10f T 1 1 -

4 1 L L
1 10 102

W, [GeV]




13 Effective Pomeron trajectory
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my = my 1.1F my, <my <10 GeV
L.1r p° data ' p¥ data

| Total uncertainty
— 2D fit: non-linear a(t)
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_  Donnachie
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Points: «(t) as measured separately in each t bin by fitting a simple power law W,;;gat—v with free fit parameters a;

Curves: The trajectories extracted from a simultaneous 2D-fit to the W, and t dependencies (see in the Appendix).

= Clear non-linearity at large ||



” Summary

B Final and most precise measurement is presented of exclusive = #~ photoproduction at
HERA.

W p° cross sections and resonance parameters are determined both in elastic and proton-
dissociative channels.

B In the context of Regge theory the effective Pomeron trajectory is extracted using linear
and non-linear ansatze.
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W dependence of p-diss. p° cross section

16
H1 ¢ Data - Rel. BW (%)
t| < 1.5 GeV? Total uncertainty - Non-resonant
my, < my < 10 GeV — Fit --- Interf. terms
50p 20<W,, <26GeV T 26<W,, <32GeV T 32<W,, <38 GeV Tﬁ oL H1 ' } Data _
e — F [t < 1.5 GeV? — Fit o« W?°
g o~ | mp < my < 10 GeV Total fit uncertainty
Q o
=S Q
= 1
>~ =~
l[: P
+ b [
S [
Nk 2t .
G
S . . .
@ 1.3 - - -
2 |= [T L . |
gl=, ; T T T
20 30 40 50 60 70 80
W, [GeV]

Extracted W, dependence is affected by Phase space cut My < 10 GeV
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Regge fit of the t and VW dependence
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