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Charmonium production at HERA
Overview

Recent results from HERA

1) H1: Elastic and Proton-Dissociative Photoproduction of
J/y Mesons at HERA [arXiv:1304.5162]

2) ZEUS: Measurement of the cross-section ratio

)/ 0] in DIS [ZEUS-prel-14-003]

ow(zs JIp(1S)

3) ZEUS: Measurement of Inelastic J/psi and psi'
Photoproduction at HERA (arxiv:1211.6946]



H1 and ZEUS experiments at HERA

* Colliding beams:
920(820) GeV p
27.5 GeV e*

S \ . /s~ 320 (300) GeV

p \ Data taking: 1992 - 2007

Hak EAST (HERMES)
Hell est (HERMES)

Halle WEST (HERA-B)
Hall WEST (HERA-B)

Aayormamert Syrctr oo

« H1 & ZEUS — hermetic multlpurpose
detectors

- Total collected luminosity:
~0.5 fb" per experiment



Diffractive vector meson (VM)
production at HERA

elastic (exclusive) proton-dissociative

elastic

roton-dissociative

Q%<1 GeV*— yp

Q? — photon virtuality Q2> 1 GeV? — DIS Q*=-qg*°=-(k-k')
W — photon-proton CMS energy W? = (q + P)?
t — 4-mom. transfer squared at proton vertex t=(P—P')

Experimentally very clean process in wide kinematic range



Why do we measure? test models

Vector Dominance Model (VDM)
+ Regge:

Y*p = Vp=(y* = V) x (Vp = Vp)
v soft interaction
!
E Pomeron exchange
e

pQCD models

VM = qqgbar dipol, exchange of = 2 gluons
(Color Singlet — QCD Pomeron)

W\/\/\N

p

p

!/

5 N o arp(t) = a(0) +a’ -t
oW A2 Aedf — - — 4 (DL{PD(ogmachi(e )— Landshoff)
Weak energy dependence Steep rise of g, with W:
of cross-section: 5~ 08(J 1.1(x(28
55 seclic (J/), L1($(25))
j_z — et p(W) = by + 4o/ In(W)

Very small scattering angles =>

b~ 10GeV—2 o =0.25GeV 2

Universal exponential t dependence:
” ~~
bed—5Qey2 ¢ =0

b slope increases with W => shrinkage

No shrinkage
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1) Elastic and Proton-Dissociative
~ Photoproduction of J/\ Mesons

 NO scattered e reconstructed in CAL

JI@ = prp, et e
» Scattered p undetected

« Elastic: Exactly two oppositely charged tracks identified t | <1.2 GeV?

- Proton-Dissociative: Large value of |t |2 1.5 GeV*

or energy deposits in forward detectors

Elastic Proton-Dissociative



Background subtraction
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150 |

100
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N QED bkg

Vs = 225 GeV

JW — prp
HE = high energy run

Ep = 920 GeV
LE = low energy run
Ep = 460 GeV

exponential distribution
for the non-resonant
background

J/Y —e’e

25 <W <110 GeV
t| < 8 GeV?



Combined elastic and proton-dissociative

N

cross section as a function of W

H1 elastic JAp photoproduction

E 120} + H1 data HE
a [ HidataLE
. 100 - _
>J : Fit HE, LE, H1(2005) +
T 80F ; ¢ ¢
=~ 60 $ ¢ t
© ¥ ++
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40 60 80 100
W, [GeV]
Fit function

parametrised as:

with W,=90GeV &(t)=4(x(z)—1)

ofy p— Jiy Y) [nb]
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P

W-dependence of the proton-dissociative

that of the elastic channel

channel is significantly weaker than

H1 p-diss. J/ip photoproduction
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Comparison with previous measurements

Elastic J/1 photoproduction

%I ¢ H1 data HE
"~ 200 | WH1dataLE Lok
o 4 H1(2005) g 1:7'
= Fit HE, LE, H1(2005) :,l q :
? 100 F ¢ Zeus(2002) lf ?ﬁﬁ
= # 1**
5 +.ﬂ' }
L ik (Q% =0.1 GeV?
30 1] Itl < 1.2 GeV?
! I ! Loy | !
30 100 200
W, , [GeV]

 Similar precision in range 30 < W< 110 GeV

Results are in a good agreement with
previous H1 and ZEUS [hep-ex/0201043] measurements 7



[Comparlson with fixed target and LHCD data

[PRL48(1982) 73] [PRL52(1984)795] [arXiv:1301.7084]

Elastic J/4p photoproduction

3
g 1 0 -~ @ H1 data HE
— ~  ®H1dataLE !
(=) - A H1(2005) 4
= ~ - Fit HE, LE, H1(2005) *u
= — 4 Zeus(2002) i o
? v E401, E516 _:#*-%” |
102 | * LHCb(2013) ‘Oii?
& 1) - m*
=5 » De
» P fb
© - Y
1
D | 3 :
10 & |||.;!|11 1
- ] ] '| | i I | PR S B T B
10 10° 10°
W,, [GeV]
§e3u|fs are in a gooa agreemenf Wlm EH!EB aa!a

Fixed target data has steeper slope
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Comparison to QCD calculations

Elastic J/ip photoproduction

® H1 data HE
B H1 data LE
A H1(2005) ’L—-L
4 Zeus(2002)
E401, E516 Ry 35».
LHCb(2013) e
MNRT(LO) '

MNRT(NLO) ﬁ,‘”
’g._"’ﬁ

o(y p— JAp p) [nb]

i
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10

10°
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—
o
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)]

LO and NLO fits to previous J/y measurements at HERA [arXiv:0709.4406]

LO fits describe LHCDb data
Both fits extrapolated to higher W
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H1 elastic JAp photoproduction

»

10?
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9% p > Jny p) [NbiGeV?

1F
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Parameterization:
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Elastic and proton-dissociative cross
section as a function of [{|

do

dt

(y p— J Y) [nb/GeVd

-l —
e 09
N -

—h
C
w

H1 p-diss. J//p photoproduction

¢ H1 data HE
Y H1(03) highlil

- @ |

h Fit HE, H1(03)

@

= ®
_ (@% = 0.1 GeV?
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coeooa e v b o e b e b | R
O 5 10 15 20 25 30
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Comparison with previous high |t|
measurement [H1(03)]

result in a good agreement in the
overlap region

13



[2. Cross-section ratio Gw(ZS)/G (1) in DIS

P (@)
“ \\ J / 'lp
¢ o node
T yp—1h(2S)p 0 T T o r [fm]
= 7w 28)
Oyp—J/y(1S)p

gives information about the W(2S) wave function different

dynamics of hard process from J/w(1S) wave function:
sensitive to radial wave E> * Has a node at = 0.35 fm
function of charmonium , ,

C s ST pas”

PQCD model calculations predicts R ~ 0.17 (PhP)
and rise of R with Q* (DIS)

14
[ZEUS-prel-14-003]



‘Elastic Y(25) -> p"p” & J/PY(1S) -> prp-

W(2S) = J/pmtT; J/Y o pt
» Scattered e reconstructed in CAL P(2S) - pty
J/W(S) = pr

» Scattered p undetected

» Two reconstructed tracks identified as muons

and for P(2S) — J/P 111 additionally two pion tracks from pp vertex

» Nothing else in detector (above noise)

= Ry

@ e —P Wllﬁ-ﬂ—p I @ %%%

Scattered e

JIP(1S) - pry” P(2S) = JPp T



Entries

103

102
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Background subtraction

ZEUS
JAy(1S)
_ . w(28) /

- ® ZEUS (prel.) 354 pb™’
- — Background fit

_______________________________________

JIP(1S) — prp
P(2S) — prp”

Sideband of the signal:
2 < MW < 2.62 GeV and

4.05 < MW <5 GeV
fitted by straight line

| | 5
M., (GeV)
P(2S) - J/P T
é 60 | | | | ' | E
: g oF 3
' M C[3.02-3.17]GeV  *F !
- P30 F ;
20 £ 3
5 ? :
oL _ee e e Sfee ne
0.4 045 0.5 0.55 0.6 0.65 0.7
A M (GeV)



o(P(23))/a(J/P(13))

in full kinematic range

#]/W > ptp ;1738 ev. 30 < W <210 GeV
#Y' o Ut U 66 ev. 5<Q°=<70GeV?
#P(2S) — JP Tt ; 82 ev. It| < 1 GeV?

Y(2S) decay mode | a((29))/a(J/(19))
— J/Y(— ptpT)mta | 0.29 £ 0.04%50)
— W 0.25 =+ 0.057305
combined 0.28-L 0030

Both ratio measurements agree
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a(W(2S))/o(J/W(1S)) vs Q% W and |t]

ZEUS ZEUS
~ 09 - - . | | | 3 ] 9 E E
2o 08 £ ZEUS (prel.) 354 pb’ 1 @@ " | ZEUS (prel.) 354 pb” E
ST o7 ofy(2s) R O S )] :
SRR BRI E= I S T(S) 3
© o4 E = © o E ? .
E — 03 =
: F,J* i T e
0.1 E = 01 E | | | | 3
0 = 3|0 4lo 5|0 Glo 70 } ° 0 0.2 0.4 0.6 0.8 1
Q% (GeV?) itl (GeV?)
ZEUS
~ 09 ¢ 3
2@ 0s £ ZEUS (prel) 354 pb’” . o(W(29))o(J/P(1S))
YT o7 olu(Es) E
T st oUNIS) : * Indication of an increase with Q°
04 E =
o2 | —t *I 4 E » Independent of W
01 E =
0 0 60 80 100 120 140 160 180 200 ° |ndependent of |t|
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/EUS — H1 comparison

« ZEUS data analysed in Q° bins used by H1 40 < W < 180 GeV
(Q% 5 —12and 12 — 80 GeV?) 1< Q2 < 80 GaV?
ZEUS
=12 | | | | ]
g g 1 - ® ZEUS (prel) 354 pb” -
g ‘?-- B O H1 27 pb™ a
B = B ’
© 08 ]
0.6 - E H1 collaboration:
- + 1 Eur.Phys.).C10:373-393,
0.4 - | -
2 |
0.2 JF_L E

| | | | | | |
10 20 30 40 50 60 70 80
Q% (GeV?)

a L]
a T I

Results agree - a(P(2S))/o(J/P(1S)) increases with Q?
Significantly improved accuracy thanks to increased integrated luminosity



3. Measurement of Inelastic J/@ and g’
Photoproduction at HERA 121160461

Charmonium production (J/y and ')

Colour Singlet model Color Octet model

%J;

§ directy ,
0.2<z<0.9 GSWH

p-rest frame: z = E(@)/E(y")

Colour Singlet model Other contributions to the signal

resolved y 'y — J/Y(—pu)X decay
z<0.2

—%j «J/p from B meson decay

Pl
£

«J/y from proton diffractive dissociatign



Inelastic J/P -> p 'y’

* NO scattered e reconstructed in CAL JJW = ut
* Proton remnant e TR
» Two primary-vertex tracks with invariant mass between 2 — 5 GeV

& restricted to the pseudorapidity region |n| < 1.75

« Additional hadronic activity

additional ¥

b




Event number determination

ZEUS
g 500 [ ]
2 5000 - ' $ 400 b ’
(& - o ZEUS 468 [:)b'1 - 200 - ++++ h ¢ E
lﬂ 4000 200 :ﬁ**ﬂ”ﬂ*ﬂ*“'——~-~—u.,-,,_ +‘_'++++ E
E ™ - f """'**#;'ihﬁhﬂ.1'!',“1{“,.!’;
3000 I T
- 2 2.5 3 3.5 4 4.5 5
2000 | L M (GeY)
- ]
- ® |
1000 N : 60 < W < 190 GeV
ceccesces '|0'|t',”"|.— _ Teeseee -.&'.*m..|m--.....-w < <
O, 25 3 35 4 45 5 Do =z U
m, (GeV)

Sideband of the signal: 2 < Mw <2.75GeV and 3.8 < MW <5 GeV
fitted by product of a second-order polynomial and an exponential function

#J/P = pt 11295 ev.
#YP oy p 448 ev.
Charmonium from proton diffractive dissociation: subtracted




W' and J/yp cross section ratio
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i
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T ¢ } |

1

. T | L s |
06 0.7 08 0.9
Z

o(Y')/o(Jw)

0.55<z<0.9
60 <W <190 GeV

* Independent of W, z pT

» LO Colour Singlet model

prediction: 0.25 (hor. line)
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J/y p_? differential cross section
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Theory: full NLO computation

including Colour Singlet & Color Octet
terms
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Theory: LO CS model framework

amended with non zero initial state
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Theory describes data within theoretical uncertainties



ZEUS
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Theory: full NLO computation
including Colour Singlet & Color Octet
terms
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Theory describes data within theoretical uncertainties



Summary of recent HERA
guarkonium results

 Elastic and proton-dissociative photoproduction of J/y
- new H1 data agree well with previous HERA measurements and

with a model based on two gluon exchange
- W-dependence of the proton-dissociative channel is found to be

significantly weaker than that of the elastic channel

e Cross section ratio R = o(p(2S))/o(J/y) in DIS

- first ZEUS measurement
- improved accuracy compared to older H1 result

- R increases with Q2

* Inelastic J/y and y(2S) photoproduction
- Y(2S) / J/y ratio ~ 0.25, as predicted by LO CS modeal

- double differential J/psi cross sections vs z and pTz:
LO k_ calculation using CS terms alone ~ good description

but large uncertainties

recent NLO calculation in collinear approximation ~ rough description, .
CO terms are absolutely essential
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'Analysed channels  J/y » p*p, et e

' Data samples
o amonr T T S
e gien Tmaoa Smon Sonn:

'MC-data samples samples DIFFVM for exclusive and proton-

dissociative VM production

28

p(P)




'Energy dependence in photoproduction:

cross section (ub)

3
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Z m o(1P — PP) wo22
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. (ransiuon between soit an

Low mass: p, w, @

M? =~ 1 GeV?

VM
No perturbative scale =>

weak energy dependence

Soft regime

High mass: J/y, w(2S), Y

Hard scale =>
strong energy dependence

Hard regime

ard regimes
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