Vector meson production at HERA

A. Solano
Univ. of Torino and INFN

On behalf of the H1 and ZEUS Collaborations

Outline:

* Measurement of the cross section ratio o(¥(2S))/c(J/¥(1S)) in deep inelastic
exclusive ep scattering at HERA [ ZEUS — Nucl. Phys. B909 (2016) 934-953 ]

 Exclusive p’ meson photoproduction with a leading neutron at HERA
[ H1 — Eur. Phys. J. C76 (2016) 1-41 ]
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Inclusive and exclusive diffraction

. o ,
Inclusive e’ (k) DIS: Q% > 1 GeV

Qz/’ Photoproduction (yp): Q2 ~ 0
ek) o A—

Q2 = virtuality of exchanged photon

W = invariant mass of y-p system

t = (4-momentum exchanged at p vertex)?
typically: |t| < 1 GeV?

Exclusive e’(k’)_
e(k)

Y (@ % N = proton -> Elastic events

p,w,d),Jﬂ;,tp YoY % N = proton dissociative system

P(p)

) E Np)
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¥(2S)/J/¥(1S) in exclusive DIS

Motivation :

Y(r),
T (25}
e . yp—=Y(25)p
b, Ratio R =
A TypsJ/yp
. w(2S) wave function different
N v from J/p(1S) wave function:
\ A node . gn .
e / ratio sensitive to radial wave
function of charmonium
1‘,
o | § —rlfm]

pQCD models predict R ~ 0.17 (yp) and rise of R with Q2 (DIS)
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¥Y(2S)/J/P(1S) in exclusive DIS

Samples and event selection :

Channels : ¢(2S) = J/p 1 J/@y 2 ptu-

W(2S) 2> pry-
Jlg 2> pry

Data : HERA | + HERA Il (1996 - 2017) — integrated luminosity 468 pb-

MC :

» Signal — exclusive VM production with DIFFVM
» Background — Bethe-Heither p*u- production with GRAPE

Event selection :
» Scattered electron with E > 10 GeV measured in CAL 30 < ‘Q’ <210 Ge2V
» Scattered proton undetected 2<Q*<80GeV
» Two reconstructed tracks identified as muons and t| <1 GeV?

for Y(2S) > J/p ' additionally two pion tracks from pu vertex
* Nothing else in the detector above noise
* Proton dissociative events removed above masses ~ My 4 GeV

Assuming cross section ratio does not vary with M, — results not affected

by proton dissociation background
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¥Y(2S)/J/P(1S) in exclusive DIS

Background subtraction : W(2S) > ptu-
JIg 2 pry
4 ZEUS
310 = — T 5 (k)
: :
10° = % =
E ° E p(P)
102 — * e
- o* ¢

Bethe-Heither

%, ot :
;'f#ﬁﬁl;*{ ........... ﬁﬁ”* +&#M 3 Dimuon background fitted
10 L . % ) 4 4 L* with a straight line for
= e ZEUS 468 pb™’ f -
- —Background fit ! ] _ 2 < MIJ“‘U' <2.62 GeV and
- L | . I\ P 4.05<M,, <5GeV
I L L L L L7 H
2 3 4 5
M, (GeV)

Number of events above background :
3.59 « MIJ+IJ‘ <3.79 GeV > NLp(ZS)
3.02<M,,, <317 GeV > Ny,
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¥Y(2S)/J/P(1S) in exclusive DIS

Background subtraction : Ww(2S) > Jy T JIg S ptpe
ZEUS
i SHEN b
SESa—— T L— ) J
. i . 1Z?... Y ¢a..+ Lo ;
2 25 3 SNSIMM (Gev;l- 0.4 0.45 0.5 055 O.GA N(I)?Eevo)7
n 3¢ J ]
2 a0f ;
AM =M, - My, & 25 H E
20 - 3
3.02 < M, < 3.17 GeV b
N 10F * E
05<AM <07 GeV w(25) sE + 3
OE o 06 | ¢ ¢|+ L 4 L .
No bGCkgr'OLlnd (upper‘ limit Of Mo e 88 3|§;Mm3é3ev3).9
3 events at 90% C.L. estimated) ' J
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After cut on M,
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¥(2S)/J/¥(1S) in exclusive DIS

Measured ratios :

Ritpen _ Ow(28) _ Nyas)  AcCirpis)—utu- 1

(T,—.I'Ia"i !—[r-;l{ 1 EII'J J\I _:E}'!I,n" tlllvl { 1 f;’] .'4 r‘«ﬂ tlllvl {2";':] % tj,"'l Tl,i:llﬂ._ = T B Rrrlj‘l [::2 —.Sr;l s afj."" thar -+ T

. o3

_oopies)y | Nyesy Accypasyoutp- BRpgs)—ptu-

|',ir‘._. A g | - I
o185y Nimas)y Accposy—ptu-  BRyos)—ptu-

compy combination of Rj/wjm

and R
uu

N Teco BR[y(2S) = J/y mm] = (33.620.4)%

Acc; = - —
N BR[w(2S) > pu] = (7.7+0.8)x10-3%

BR[J/y > pp] = (5.93+0.06)%
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¥Y(2S)/J/¥(1S) in exclusive DIS

Measured ratios :
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¥Y(2S)/J/¥(1S) in exclusive DIS

-+~ HIKT: GBW-BT
HIKT: GBW-LOG
........ AR: b_CGC
-------- AR: IP-Sat
- - KMW:5=0
FFJS 0]
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|
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H1, EPJ C10 (1999) 373

HIKT, Hifner et al.: dipole model, dipole-proton constrained by inclusive DIS data

AR, Armesto and Rezaeian: impact parameter dependent CGC and IP-Sat model

KMW, Kowalski Motyka Watt: QCD description and universality of quarkonia production
FFJS, Fazio et al.: fwo component Pomeron model
KNNPZZ, Nemchik et al.: color-dipole cross section derived from BFKL generalised eq.
LM, Lappi and Mdntysaari : dipole picture in IP-Sat model
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Exclusive p° photoproduction with a LN

Motivation :

First measurement of p° photoproduction with a leading neutron at HERA

In e+ p = e’+n+ X the production of neutrons carrying a large fraction of
the proton beam momentum is dominated by the pion exchange process

v —— Extract o(yn*t—> p'n?)

y L0\ /TE+
P T s .
a. = Mean W ~ 24 GeV - soft regime
= P = P
n’;" — Regge frameworkxmost appropriate :
p & n exchange of two Regge trajectories
;T in a Double Peripheral Process (DPP)

——> Constraints to pion flux models
Study of absorption effects in leading baryon production
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Exclusive p° photoproduction with a LN

Signal and background diagrams :

Signal : Drell-Hiida-Deck diagrams Background

(©) (d
Pion exchange Baryon exchange ‘Direct pole’ Proton dissociation
(Pompyt MC) (DiffvM MC)

o(yp =>p’na")=|A,+A, +A. |>) == interference effects

For large s and t’ > 0 : pion exchange dominates
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Exclusive p° photoproduction with a LN
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Forward Neutron Calorimeter (FNC) e R () 1
to distinguish and measure n and y/m9°, o 041F T T i o ‘

located at 106 m from the H1 interaction point
— limited acceptance : <A>~ 30%
and pr,<x '0.69GeV  (x =E|/E,) g |

i 04 05 06 0.7 08 08
X

Fast Track Trigger : special low multiplicity
trigger to collect untagged soft yp events

02 04 0.6 0.8 1
/ %

OPE dominant range : p;, < 0.2 GeV
Event selection :
« Scattered positron undetected : < Q? > =0.04 GeV? — photoproduction events
» Only two oppositely charged pion candidates in the central tracker with 0.3 <M_.. < 1.5
* A hadronic cluster in the FNC with an energy above 120 GeV
* Nothing else in the detector above noise level, in particular in the forward detectors (LRG)

Data :
2006 — 2007 e*p data, integrated luminosity 1.16 pb-’
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) Exclusive p? photoproduction with a LN

M =764 + 3 MeV
' =155+ 5 MeV

4/09/2016

dN/dM [GeV']
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Ross-Stodolsky skewing par.

€=1.852%0.10
K =0.67 +0.03
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Exclusive p° photoproduction with a LN

Cross section measurement :

P Tep 20 <W,, < 100 GeV
P o
f f’r;’e(‘y! Qi)ddeZ 2m, <M, <M, + 58I,
It < 1 GeV?
- 0.35 < x, < 0.95
nif, T ((Wo)) = P f,, = 0.34 £ 0.05
ot T [ e (@i, t)dapdt”
TP o(yp— p’nn™) = 310 + 6(stat) + 45(syst) nb for pr, <x_-0.69 GeV

o(yp— p’nn*) = 130 + 3(stat) + 19(syst) nb for pr,<0.2 GeV

L for <W, . >=24 GeV

(Yt —> p'm*) = 2.33 £ 0.34, (+0.47)(-0.40),, 4 1D
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) Exclusive p? photoproduction with a LN

Constraining pion flux :

? 1 T T T T T T E 1 T T T T T Ll T
= . ® Hldata(D,<0.75mrad) [ | - | 2 | ® HI data (,<0.75 mrad)
Normalised to data: [ ', _— * =1 Normalised to data:
5 08 ... FMS ' 1 Q 08 ... Bishari-0 [ -
& L INSSS i B =+ Holtmann ¥ zadaas
ﬂg ,.g KPP Fusssse ;

st MST  [Jrovsfesens

MRt

024+ 1 ozpus .
_______ H1 - ‘ H1
0704 05 06 07 08 09 0704 05 05 07 08 09
X.
A ° Hldaa x, distribution of the leading
% 20 7 Hotmann neutron generally well described

— some pion fluxes disfavoured

Instead none of the models can
reproduce the t dependence of
the leading neutron — effect of
absorptive corrections ?

Xy,
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Exclusive p° photoproduction with a LN

p° slope :

p“ with Forward Neutron

o 10 T T T T T T T T
>
5}
% H1 Geometric interpretation :
2 A
s 1 1 <r>=2pb;-(hc)?~2fm? (~1.6R))?
o )
= q .
G -
0.1 - q o .
H1 data = .
Fit: alehltl + ageb“tl
0.01 - b, =257 £ 32 GeV?, b,=3.62 % 032 GeV” 3 P

0 02 04 06 08 1
-t' [GeV’]
p? slope strongly changing from low-t’ to high-t’ region, as expected for

a double-peripheral process — slope dependence on the invariant
mass of the (n1r*) system
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YTt cross section:

4/09/2016

Exclusive p° photoproduction with a LN

— s
e
o
gl-'l
(o
i3
5

T T T T T

e HI1 data

H1

Comparing different phase space
regions no evidence for an extra
contribution beyond the OPE is
found in the full FNC acceptance range

At <W> = 24 GeV
o(yr*)/o(yp) = 0.25 + 0.06

in agreement with a previous ZEUS
measurement [ ZEUS, NP B637 (2002) 3 |

Significantly lower than expected,
suggesting large absorption

corrections :
K. =0.44 £ 0.11
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Summary

= Cross section ratio @¢(2S)/J/@(1S) measured by ZEUS with full HERA statistics
= Ratio grows with Q2 as predicted by pQCD and is constant with W and t

=

= Ratio is compared with models of VM production, some discrimination of the
different models is possible

= Exclusive p° photoproduction associated with a leading neutron measured
by H1 for the first time at HERA

= The differential cross section do/dt’ for the reaction yp > p’nn* shows a
behaviour typical for exclusive double peripheral exchange processes

= The elastic photon-pion cross section, o(yn'—>pn’) at <W, > =24 GeV
is extracted in the one-pion-exchange approximation

= The estimated cross section ratio for the elastic photoproduction of p® mesons
on the pion and on the proton, r,, = oynloyp = 0.25 £ 0.06, suggests large
absorption corrections
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Backup slides

4/09/2016 DIFFR2016 - Vector meson production at HERA - A. Solano 20



HERA experiments

R HERA-l : 1992-2000
o : 820 GeV

920 GeV

s S
e -
R 1

Y
L

P O

-

HERA-II : 2001-2007
D : 920 GeV

575 GeV

460 GeV

~

| :?::‘.FETRE‘- 5 2 Most of the
_ ey 7 e S A 274 collected data are
at Vs = 318 GeV

~0.5 fb-! per experiment collected by H1 and ZEUS
Final analyses of HERA data are underway
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/2 ZEUS

Diffraction at HERA

Standard DIS %,,//' e’ Diffractive DIS
€ ep = eXp’

-

ep > eX -
Y
X Large Rapidity
L IP Gap (LRG)
E
p N P East proton
_ _ _ t _ or low mass
Real and virtual photons can fluctuate in hadronic states (qq, qag, -..) diss. system
q 1 v Lifetime of qq dipole (hadron!)
W I“‘ 5 5 long because of large Lorentz boost
x q \/Q +M (E, ~ 50 TeV at HERA)
Y * > — Dipole interacts hadronically with
the proton

< E, ~W?~1/x
v Transverse size proportional to

(as seen in the proton rest-frame)
1N(Q2+M,2)
— |f dipole size is small, its interaction
with the proton can be treated

perturbatively

2 = photon virtuality
x = Bjorken scaling variable

Diffractive events contribute up to 15% of the inclusive DIS cross section
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) Y(2S)/J/P(1S) : HIKT calculation

10*
-
[~
B
=
L HbURE 2. Integrated cross section for elastic photoproduction with real photons (@7 = 0) calculate
B 4 with GBW and KST dipole cross sections and for four potentials to generate J/y wave function
E 3 Experimental data points from the H1 [20], E401 [21], E516 [22] and ZEUS [23] experiments.

10’

; 1 KST ZEUS
i el P i e eyl —
10 107 10! 102 n:ﬂ-g: T T | T T T T ]
_vfs {Gﬂ"h‘l] _vfs [Ge"v‘] u‘E __ = = HIKT: GEW:=HT B - n,_.|‘25‘| =
= HIKT : GEW-LOG BJ.':M'IEi}
0.75 =

Two parameterization of the dipole cross 06| T S E

section (6BW and KST) 05 :
n.q:— R | =
Four phenomenological potentials of 031 4 } s
" E ; pb =

the wave functions: 02 1** R
= BT, LOG WlTh mc ~ 15 GeV 'D.‘I'—.r A Higp63ph?
- COR and POW with m. # 1.8 GeV T L

o’ (GeV?)
- BT predictions larger than the data
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¥ (2S)/J/¥(1S) : AR calculation @

ZEUS

x 0.9 : | | | :
= e AR RSt = :

0.7} _
0.6 . iy E
u‘E : l“,. arqmgrEs - -
o3 E

= { ® ZEUSBpa’

N E_%%i O H1 27 po’ _E
0.1} £ H1yp: 6.3 pb” -

- [ | | I I :

l
0 10 20 30 40 50 60 70 80
Q*(GeV?)

Impact-parameter-dependent Color Glass Condensate model (b-CGC) or
Saturation model (IP-Sat)

- IP-Sat prediction about 30% lower and gives a better description of the data
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.) W(2S)/J/¥(1S) : KMW calculation

e 0.9 I |

ZEUS

08 R = Juizs
- - - KMW:G=2 RATNT

'IJ.T_

06}

R

’ po ol ZEUS 458 po”
};}* O H127 po”

0.1 A Hip:6.3 pb"!

03F

[
5
1
| 1
i
L] &
[ |
i
1
|
|
1
|
!
1
1
|
a
1

0.2

| | ]
0 10 20 30 40 50 60 70 80

Q7 (GeV?)

=]
T

Assumes universality of production of vector quarkonia states.
Parameter d depends on the choice of the charmonium wave function

- 0 = 0 provides a better description of the data
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¥(2S)/J/¥(1S) : FFJS calculation

ZEUS

e 0.9 | | | | ]
0.8 FRIS R = Ouisy =
= - ﬂJ.-u{IS} =
0.7 .
Two-component Pomeron model 0.6/ T =
0.5 =
osk % e E
5 } ® ZEUS4Bpb’
02 ;_%% ; O H127pb E
0.1 A Hiyp:63pb"
oL | | | | | | | -
0 10 20 30 40 50 60 70 80
Q? (GeV?)
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W(2S)/J/¥(1S) : KNNPZZ calculation

ZEUS

e 0.9 | | | | .
08 .... kunezz R = Oyios ]
E - Hiy(18) E
Generalized BFKL equation 0.7 E
for ccbar dipole cross section 06 ¢ -
0.5} .
0.4} _ =
0.3fF =
: { ® ZEUS 468 pb” =
02 5_4%; O H127 pb E
0.1 ;— A Hiyp: 6.3 pb™ _;
ﬂ: | | | | | | | | -
0 10 20 30 40 50 60 70 80
Q* (GeV?)
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¥(2S)/3/¥(1S) : LM calculation

o 0.9

0.8

BFKL equation + IP-Sat mode 0.7
0.6

0.5

0.4

0.3

0.2

0.1
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@) Exclusive p? photoproduction with a LN

i ZEUS

S/B decomposition and control plots :

p" with Forward Neutron
Em-_,',;p.;*bu. ———m _;{ .”-;;,h.l;’“: ...........
o HIdata L f et
- .- “‘f::ni:ll{mlmd 1
-
- e
H:i*_t -
o A N
- Al W T
e o ar 0 A e s
Ey[GeV] Fig
E, B/(S+B)

Fpy — 0.34 £ 0.05

Data points are shown with
statistical errors only;

green band represents estimated
background fraction uncertainty

#== signal+background

0’ with Forward Neutron
¢ HIdata — signal (POMPYT)

-
300
m»
G lm_‘w
0 40 60 8 100 ° 100 o0 100
W, [GeV] @, [deg]
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Exclusive p° photoproduction with a LN

Energy dependence :

p0 with Forward Neutron

pr— 500 I ! ' I | I
= _ ]
5 -
=
S 400 - '
I 1 Pomeron
300 - ] exchange alone
200 | .
| e Hldata
100 - — pompyT _
[ ---- it W0 (8=-0.26£0.06 1 0.07,,,)
0 [ ! l ' ' .

20 40 60 80 100
W,, [GeV]
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Exclusive p? photoproduction with a LN

Cross section definitions :

U'TP - %s a-"r'.rr — d—];:!f
‘I"_r = f.f-rfe(y! Q2)dde2 € ’7 T I‘ﬂ' = I.frfp(zL!t)dzLdt’
+1
% ; fm‘p
P O n
VMD: fy/e(y, Q%) x [1+ (1-y)°—-2(1-y) (Q‘z"“‘ Qz)] :
o Jy/e(Ys = 2 - . - 2 A2 2
SE )l (g
1 9% n —~t m2 —t
OPE: e ¢ _=J’L 1 — _R2 ="
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