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Bjorken x: x=

2q-p

Inelasticity: y‘q £

Deep Inelastic Scattering
(DIS): Q*>1GeV?
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Fixed-order QCD calculations
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Overview

Parton dynamics
* Charged particle spectra in DIS

Hadronisation e’
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@Transverse momentum spectra of charged particles

Motivation: Low p_*:
* Test of low-x dynamics (various PS Sensitivity fo
approaches are based on different

I , hadronisation process.
approximations in the low-x region).

, High p_*:

* Test of different models of parton T ,
emissions in PS (DGLAP, BFKL, Sensitivity fo modelling
CCFM) of parton dynamics

Observables:
Particle densities (event- Hadronic centre-of-mass

normalised charged particle (HCM) frame (p.*.n*)

distributions): 1 dn 1 dn Tareet 5 .

N ap N dn arge : urren
r ! z
5<Q?< 100 GeV?, 10* <« x <1072, R
p. <10 6GeV, 0<n <4, AAAAANAD 1 4
p,*>150 MeV, -2 <n*® <25 n'<0 - n">0
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n distributions
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p. distributions for 0<n'<1.5
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BFKL-like model

describes the data for
in the whole measured

region.

DGLAP approach fails
at low Q° and low x.

CCFM model describes
only the high-p_" data.
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Strange scaled momentum spectra in DIS

7 ZEUS
Motivation: S
- 0
* FFs for strange hadrons are poorly £ K
constrained => potential constraints Y Y
from new data. e
* Strange-hadron production in ep allows . TN
to constrain quark, antiquark and gluon Y, \y o o
contributions to the FFs. T
Observables: Breit frame (p*",n**"): the
Scaled momentum (estimator C”mé” r'etglon _
urren , arge

for z, the parton momentum

fraction car'r'iecg by the a2,
hadron:  _ p e iz
" N2 : |
10 < Q2 < 40000 GeV?, 103 < x< 0.75 n"*"'<0
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x distribution: K°
P S

* Clear indication of scaling violations

DIS.

to describe the data. DSS
calculations do a bit better at

high Q.

[= % T T T
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=~ 3+ Kg R ) NLO:
o@“ ______ AKK+CYCLOPS
T 5 o BEIKIAR b1 ‘/.r_ £ bss ]
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ﬁ# S
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1 * Similar conclusions for A.

v : 0.005 | T
0.02 - I
0
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AKK+CYCLOPS: e'e”

51022013 DSS: e’e”, pp, ep Excited QCD 2013, Sarajevo

— in FF: larger Q> — more soft gluons
emitted — more particles at low X

Analogy: scaling violations in inclusive

* Both NLO QCD+FF predictions fail

medium X and low Q%, while AKK at

| * MCs provide reasonable description.
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zeus| Strange X distribution: comparison to inclusive data

ZEUS
S 04 <xp< 0.2 | I * Inclusive scaled momentum spectra
[ = = 5 7 o 08 8 8 o0 a3 3 forcharged particles in DIS
Z . . . . iméusggﬂggé%:ggea”wg J HEP 6 (2010) 1). Most charged
10'1;_ ° N A 4 stringﬁgh;gﬂgr;ss:u " _ pr‘TIC'ZS are pIOHS
10-2? ' —————+++ ] —— _ * IhClUSive Charged_parTicle and
o 02 <xp< 03 '\ neutral-strange-hadron data show
- * » 0 o 0 o o oo o | aplateau for Q> 100 GeV?.
1 ¢ 4
ol e . , : : i At low Q° mass effects are
R ' | expected (most pronounced at low
1 _ | : —t—t—+—+++H E X )
: 0.3 <Xp < 0.4 p
1 n ® ® 0O O o o o 0O g ? _
i
10-2;_ A _
10 10° 10° 10°
Q? (GeV?)
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K®, production at high Q°

Motivation:

* Test various fragmentation models.

* Test universality of the strangeness-
suppression factor (A_= P(s)/P(q)) in

the Lund string fragmentation model

Observables:
Scaled momentum: x =

Qz’pT

145 < Q2 < 20000 GeV?, 0.2<y< 0.6

p'(K°)>0.3 GeV, [n(K*)[<1.5
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ep—e Kg X (Breit Frame)
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-'é E H1 preliminary 3
o 3 ek i
8 o 10 o ; NEA 7, “lﬁlﬂ E
X o o] 3
L, .
S 102
—+- H1 Data
== CDM (1,=0.22) -
10F .- MEPS (1,=0.22)
---- CDM (1,=0.286)
MEPS (1,=0.286)
B 1.4F )
£ 1.2
g 4 ] S ]
g 08 z.'.'.'.'.'.'..'.'.'.'.'.'. '.'..'l'..'.' b 1.:. -:. .-i-. ;}:I .Ti:. i:_ 'E_ _!‘-. Teid .-..rL‘“. IIII
0.6 )
107 1
xcp:BF
Current Target
-Q/2 z o
+Q/2
e

1q=(0,0,0,—Q)
1

P

A 2 4

Similar to the e'e
topology
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Data F'_Eh; 10°
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peLAP ° "
BFKL 10
DGLAP )

. )\S =0.286 is

preferred over
A =0.220

* Both MCs
describe the

data
Excited QCD 2013, Sarajevo

K®, cross sections at high Q?

ep—e Kg X (Breit Frame)

H1 prelimin'ary

-+ H1 Data

-..= CDM (A,=0.22)
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Hadronisation
effects are more
pronounced
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Ratio of K°S cross section to DIS

6

ep—seK X/ep—eX

= 0.7 — ———— Data
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S o.5F 4{BFKL o
= f I l iDGLAP ol |
wa 0.4-_ ------ t ----- _-. 3 n [ ] ] ]
x E ‘l'—'.'.'.'..'a'..'.'.';"-““ ----------- l -------- E
o 0.3F ST R R
T : —4- H1 Dat .
n ata .
EJ: 0.2 . com =022 E
© F ... MEPS (1,=0.22) :
0.1 ---- com (r,=0.286) - 7 " "
- MEPS (1,=0.286) . Q (Gev)
ot —
10°
Q? [GeV?]
» Improved sensitivity to A_ » K°, density features a
plateau as a function of @°.
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@ Ratio of KOS cross section to charged hadrons
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e Spectroscopy of D mesons
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Motivation:
Measurement of parameters of
charged and neutral excited D mesons

with L=1.

Measurement of fragmentation
fractions into these states.

D~

MeV

Combinations per 0.15

Very limited experimental data so far.

1200
1000—

800
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600
400 —

200—

N(DZ*) =737+164
N(D;)rn_
N(DPFD_

SM%>0

——
« ZEUS (373pb%) |

fit

D feed-down
D;' feed-down
------ background
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Charged states
were studies

for the first
time at HERA

Excited QCD 2013, Sarajevo

°(2420) and D_*°(2460)
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D, °(2420) and D, (2460)

ZEUS
HERAII HERAT PDG -
- S 8 = = ZEUS 373pb") 3
M (DY), MeV 2423.1 4+ 1.5 2420.5+2.1+£0.9 | 2421.340.6 | D° st ot
. 0.4 N 1 Il BABAR _E
(DY), MeV 38.8 + 5.0 53.2 + 7.2+33 27.1+£2.7 | " :
h(DY) 785 5973070 ik E
M(D3), MeV 2462.5 + 2.4+13 2469.1 + 37712 | 2462.6 £ 0.7 | e E
[(D:%), MeV 46.6 + 81459 43 fixed 40.0+ 1.4 oo e e

* Spectroscopy: measured masses and widths are in good agreement with PDG.
Improved precision compared to previous ZEUS measurement.

» D’ helicity: good agreement with previous BABAR and CLEO measurements.
Agrees with an S- and D-wave mixture as well as a pure D-wave hypothesis.

* Fragmentation fractions, BR ratios and fractions of ground states
originating from the excited states were measured.

5/02/2013

Excited QCD 2013, Sarajevo
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D *(2420) and D, *(2460)

HERAII PDG

M (D). MeV  ||2421.0 4+ 4.7+

24644+ 1.9

o 2423.4+£3.1
6
8

3
1.
M(D3%), MeV  ||2460.6 + 4.475;

Measured for the first time:
flc — Dy%)=3.240.8(stat.)
flc— D) = 4.6 £ 1.8(stat.)

(syst.) %

0.5
0.2
1a(syst.) %

|+ | +

- So far, very limited data on D *(2420).

* Spectroscopy: masses are in good agreement with PDG. Improved precision
compared to previous ZEUS measurement.

* Fragmentation fractions, BR ratios and fractions of ground states
originating from the excited states were measured. Good agreement with
the neutral states

5/02/2013 Excited QCD 2013, Sarajevo 22
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Conclusions

Various aspects of particle production were studied in ep collisions at HERA:

* Particle dynamics was studied with transverse momentum spectra of charged
hadrons. The BFKL-like model (DJANGOH) performs the best at low x.

* Hadronisation was studied with scaled momentum spectra for charged hadrons
and neutral strange hadrons.
v Scaling violations were observed.

v NLO QCD calculations with recent fits of FFs are not able to describe the
HERA data. Therefore, the data have potential to further constrain
fragmentation functions.

« The strange-hadron data can constrain A_.

. Dlt'o (2420) and Dz*t'O (2460) were studied. All parameters agree with previous

measurements. Fragmentation fractions for charged states were measured for
the first time.
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Scaled momentum spectra in DIS

Motivation:
* Scaling violations in FF.

* Test hypothesis of limiting fragmentation (density of charged
particles per n unit depends only on the energy of the yp system, W).

* Test fragmentation universality.

Observables:

Scaled momentum (estimator Breit frame (p®" nfre")
for' Z, The par'TOH momenTum Current . Target
fraction carried by the o S
hadron): pre ‘ ©

g=(0,0,0,—Q)

2 +Q/2 > :
o2 - -

1
>

rei Brei
10 < Q2 < 41000 GeV?, 2*107 < x < 0.75 <0 n"">0
5/02/2013 Excited QCD 2013, Sarajevo 25
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Scaling violations in FF
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;_|_|_|,uJ col vl vl IIIIE]

2 4

10
Q? (GeV?)

None of NLO QCD calculations + FF
extracted from e‘e” describes the data

5/02/2013

Excited QCD 2013, Sarajevo

ZEUS
><D- _IIIIII| I IIIIIII| I IIIIIII| I IIII|T|'| 1
4 300 O< X, <0.02 —
— | e ZEUS 044’
e - A ZEUS 38 pb" .
Z 200 |- ARIADNE4.12 %7
- -— LEPTO 6.5 .
= * _
100 |- ¥
L = .

Clear indication of scaling
violations: larger Q> — more
soft gluons emitted — more
particles at low X . Analogy:

scaling violations in inclusive

DIS.
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Quark-fragmentation universality

= 5 T T T T T T T T T T
T T T T T T
o
o a)  ZzEus440pb” b) zeusa40pb!
g 4 2560 < Q°< 5120GeV® | 320 <Q° < 640 GeV*
-
5 |
©
Sl M -
= f Y
- i it
2 } - ! -
it i
i
1+ B : _
i Y
9% 1o e By
Cc) zeus77pb’ d) zeus77pp?
4 50 < Q” < 60 GeV” 10 < Q%< 20 GeV’ |
4 240 <W < 280 GeV
= 200 <W < 240 GeV
e 160 <W <200 GeV
3 F [~ v 120 <W <160 GeV -
* 80 <W <120 GeV
$ ¢
2 t‘Q | e
$
4
1+ . - :
s v'
0 1

* Limiting fragmentation
checked (no Q2 and W
depenedence)

* Good agreement between
ep data (from ZEUS and
H1) and e+e- data. =>
fragmentation universality

supported by the new data.
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D *°(2420) and D, *°(2460)

Neutral states

* Spectroscopy: good agreement with PDG.

Improved precision compared to previous

| HERA 11 . HERAI | PDG |
N(D? — D*+r) 2732 4 985 3110 + 340 ZEUS measurement.
N(D3% — D*+x) 1798 + 203 870 + 170 0 o . .
N(Dg® — Dtr) | 521 £88 (S(DF) > 3 690 + 160 . D1 h@llClTyi QOOd agreemenT with previous
M(DY). MeV 2423.1 + 1.5704 24205421409 | 2421.3+0.6
T(DY), MeV 38.8 + 5.07L9 532472483 | 211427 BABAR and CLEO measurements. Agrees

h(DY)

= Q+6.7+4.6
7855700

£ +3.042.4
5.9777 70

with an S- and D-wave mixture as well as a

M(D5), MeV

2

462.5 + 24113

2469.1 + 3.7712

2462.6 £ 0.7

pure D-wave hypothesis.

I(D3"), MeV 46.6 £ 8.1753 43 fixed 49.0+1.4
MDE) _ —1 fixed —1 fixed * Fragmentation fractions, BR ratios and
D1(2430)°/ DY 1.0 fixed 1.0 fixed . . . .
D0 D S — fractions of ground states originating
Feed-downs /D3" 03+£04 from the CXCiTQd STC("’@S were measur‘ed.
Charged states ZEUS _
D e Meeasured for the first
| | HERALL | PDG | 2 g4F B C
N(Dj — D®xt) | 750 +183 U 0.6 DO Ry g:y)st. E Time:
N(Dyt — D7t) | 634+ 223 04 1 Ml BaBar E
N(Dyt — DOrt)y | 737+ 164 Oz: ~aro 3 fle— D3*) =324 08(stat.) g5 (syst.) %
M(Dy), MeV | 2421.9 £ 4755 §2423.4+3.1 02F 3
(DY) MeV 25 fixed 254 6 04 1 flc— D) =4.6 £ 1.8(stat.) 25 (syst.) %
h(Dy) 3.0 fixed 06H E
M(DyH), MoV [ 2460.6 + 4.4736 f2464.4 + 1.9 _Oj'....l....l....l....l....l....l....l. NE
F(D_;-'_) MeV 37 fixed 3746 0 0.1 0. 03 04 05 0.6 071—*80/8(1—2_'9_1—-1))1
h(Dy") —1.0 fixed Excited QCD 2013, Sarajevo 29
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