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The HERA ep collider (1992 - 2007)

* ep collider:

e e energy: 27.6 GeV

* penergy: 920 GeV

e Center of mass energy: 319 GeV

o 2 collider experiments: Hl and ZEUS
* Integrated luminosity: ~0.5 fb™ (per experiment)
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TrijEt Production in DIS  zusprer-14-008
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Eur. Phys. J. C75 (2015) 65

Multijet Production and a, extraction x.1a06.4709
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Multijet Production and a, extraction

H1 Collaboration

Inclusive jet

Dijet

Tnjet

Mormalised inclusive jet
Normalised dijet

Mormalised trijet

Multijet

Mormalised multijet

World average

POG, Phys. Rev. [ 85 (2012) 010001 {2014 update)
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Diffractive Dijets in DIS and Photoproduction

JHEP 05 (2015) 056
arXiv:1502.01683

Measure scattered proton in VFPS

(Very Forward Spectrometer)
*VFPS is 220m from interatction point
*Complementary method to LRG method

PHP DIS |
Qg < 2GeV? 4GeV? < Q? < 80 GeV?
Common Cuts
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R 1< i 225
1] < 0.6GaV? 0.010 < 1p < 0.024

zp < (.8




Diffractive Dijets in DIS and Photoproduction

Dijets in DIS

* Single diff. cross sections
* NLO by nlojet++
* H12006 Fit-B
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Dijets in yp

» Single diff. cross sections
* NLO by FKS (Frixione et al.)
» H12006 Fit-B

* GRV and AFG y-PDF

& HIVFPS data -  AFGy-POF

—
MLO H12006 Fit-B = 0.83 = (143 r,‘l
— had

= 1500F

3 H1
S )
< 1000

g :

0 02 04 06 08 1
)L!.

Shape well described by NLO, but
normalisation is overestimated 8



Diffractive Dijets in DIS and Photoproduction

$ H1 VFPS data

RAPGAP « 0.83
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New analysis confirms previous
results from H1 with complementary

However, there is a disagreement
with the ZEUS conclusion:
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One more round of H1-ZEUS comparison will be needed



Diffractive Dijets in DIS (LRG)
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arXiv:

Exclusive Dijets in Diffractive DIS o
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Only dijet, scattered electron and proton in the final state
¢ distribution ~«« 1 + A - cos 20
Parameter A sensitive to the nature of the object exchanged between the

virtual photon and the proton
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Exclusive Dijets in Diffractive DIS

Resolved-Pomeron model

n >
\\ J”.r

Prediction based on diffractive
gluon density obtained from fits
(H1 2006 fits A and B) to H1 data
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Two-Gluon-Exchange model

i 1

Prediction based on GRV
parameterisation of the gluon
density

The gqgg final state is sensitive to
the parton-level cut pr o

3 = X /x;p - fraction of Pomeron
momentum "seen" by the photon
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Exclusive Dijets in Diffractive DIS
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Prompt photons in photoproduction

direct resolved

direct,
fragmentation

resolved,
fragmentation

T

box diagram
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Extraction of Photon Signals
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Prompt photon Cross Sections
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fixed order calculations

e by M. Fontannaz, J.Ph. Guillet and G. Heinrich
Eur. Phys. J. C 21 (2001) 303,
Eur. Phys. J. C 34 (2004) 191 (FGH)

® components:

> direct direct, > direct fragmentation

> resolved direct, > resolved fragmentation
> box diagram (direct direct)
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kr-factorisation approach

e calculated by A.V.Lipatov, M.A. Malyshev, N.P.Zotov, Phys. Rev. D 72 (2005) 054002,
Phys. Rev. D 81 (2010) 094027, Phys. Rev. D 88 (2013) 074001 (LMZ):

e investigation of the photoproduction of the isolated photon at HERA in the framework of
kt-factorisation QCD approach

e both direct and resolved processes are considered

e the box contribution was included

e fragmentation contribution is neglected
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Direct/Resolved Contributions to y + jet
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LMZ is somewhat too “direct”
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Prompt photons in diffractive photoproduction

direct ¥~ jet
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Prompt photons in diffractive photoproduction
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RAPGAP describes the shapes of most of the kinematic variables
reasonably well.
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Prompt photons in diffractive photoproduction
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Heavy Quark Production

Allows resummation of terms

, proportional to log(Q*/m, ?)
Programs exist to calculate fully differential Expected to be valid at scales >>m
cross sections (HVQDIS, FMNR) b

Expected to be valid at scales ~m__

Employ both FFNS and ZM-VFENS

Interpolation is ambiguous — various approaches (RT, ACOT etc.) exist -



Combinations per 0.45 MeV
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Entries

Entries

Beauty signhals and x-sections in DIS

JHEP 09 (2014) 127
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i
2 { mvt: ‘: E Ge‘“, |S|}a — _l T T LI LI T T T LI LI
1[]35-.----.----.----.----.----.----._1----.~_. :'a', | . z:susss-:plb“ |
e 8 oF wovams s c
i = —LF =~ ST > B HVQDIS+ABKM x C"™* .
02_ ] S — | ﬁ - - --- Rapgap x 1.49 ]
1076+ "~ - Beauty E = ep — e'bbX — e’jet X’
L ' . —-Lub— I
10 i . E [} C 3
: " ; 2 S i
1 ....I....H...H...H...'i Jas .+.l_|_l_ I — N
5 10 15 20 25 30 35 40 1 |
EX (GeV) g :
B = "...T..T..;—.'...:.I." =
[T T T T ™) i + ]
150- ] 1 | | l | |
; 1 W5 "9 15 20 25 30 35
100/ ; Er" (GeV)
o e . , :
] = :
507 i S 15 t 3
: R ek SE: SSECESP RS TESSRy e
0 p— @ 05 E
05 1 15 2 25 3 T 5 10 15 20 25 30 35
log (Q“/GeV?) = jet
10 Er (GeV)

Reasonable description by HVQDIS NLO QCD 23



H1+ZEUS D** Cross Sections in DIS imosgssss

+ Combine D” visible cross sections

c /
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NLO QCD predictions: HVQDIS

Massive scheme - only light flavours in pdf: u,d,s,g; NLO = o(a.?2)

HVQDIS setup for ep 2>cc X>D'X (uncertainties):

'S J 02 + 4m? vary independently by factor 0.5 and 2

mP'® = 1.50 + 0.15 GeV

a=3(my) = 0.105 + 0.002 (corresponds to «?=5(m;) = 0.116 + 0.002)
HERAPDF1.0 FFNS

« Fragmentation: S range (D"
. Longitudinal: §< & 6.1+09 | $ =70+ 40 GeV?
Karvelishvili FF [ 5, <5<35, | 33+04 So = 324 GeV?
with a(D") § > &9 2.67 £ 0.31
. Transverse: f(ky) = kTexp(—fk—kT}); (kt) = 0.35 4 0.15 GeV
T

¢« f(c—D")=0.2287 + 0.0056

Use HVQDIS also to predict small additional component: ep 2> bb X - D" X
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Customised NLO QCD predictions: HVQDIS

Try to find parameters such that calculation describes normalisation
& shapes of all differential cross sections presented in the following

=02 +4m: —>  0.5./02+4m? - Increase cross section

le :
mg =150 GeV = 1.40 GeV - Increase cross section
Fragmentation: S range ar (D)
Longitudinal: § < & 6.1+0.9
Karvelishvili FF §1<5<5| 33+04
with o (D") S > &y 2.67 = 0.31
e §, =70 GeV? — 30 GeV? - Soften fragmentation

Leave all other parameters at their default values

This is no prediction - but may give hints in which direction to
develop theory
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H1+ZEUS D** Cross Sections in DIS

+
ep — eD*X H1 and ZEUS ep — eD*X H1 and ZEUS
g 1 I II 1 | I 1 I | L | 2I I 1 Izl 1 E | L | P 171 | | L | | L I | L L | o | L I_
L S 002<y <07
g e Ly p (D*) > 1.5 GeV o) - — NLOQCD -
o 2 m(D) < 1.5 :g ------------ NLO QCD customised
gw NLO QCD b — D*
%10—3 -
10" ¢+ HERA-I )
------- :::g ggg customised l j 3320: ; .1:{:)02 - _
10° E o - p.(D*) > 1.5 GeV -
1.4 ] e ?Cn:b %D e -+ i o) <15 _
£ 2l |
wl ] . — ! ......... ]
T E— - ! .
R TS PR R [ 1 —
2 i |
i | — -
2 :( n L_-l==| I' j==F-k=4 | J==pk=4-4 | F-d-4- -l I bod=o] =) | I | J [ . |
Q@ (GeV') 01 02 03 04 05 06 07
T Y
HVQDIS NLO QCD predictions:

» Describe data reasonably
« Large uncertainties 10-30% - need NNLO and
improved fragmentation models 27



H1+ZEUS D** Cross Sections in DIS = =0

+ +
ep — eD*X H1 and ZEUS ep —eD*X H1 and ZEUS
fy - | T [ | [ I L] I - — LI LI T 11 | | LI L | L [ I 1T 1
? e S 5 < Q* <1000 GeV? - LE_, _‘e_l_ _I_p) |
g 1E o 0.02<y<0.7 = =~ i 1
< - p,(D") > 1.5 GeV = Q
5 10" = (DH <13 . 5 20 $ - } ___________ i ............... T
v ‘ - podedod ] P
= L —
§ 107 E :
o - = -
a3 [ ¢ HERA-I i
100 & NLOQCD E
[ NLO QCD customised ] - ]
104 - NLOQCD b — D* _ 1 |
E | 1 | | | | | [l I E
N | I | | | | | I I ]
< 1.2: : a _
TR D G S g e _ e bt . , 5< Q<1000 GeV* -
% """ (Y. § % ; . ¢ HEEFE:_IJD 0.02<y<0.7
S . - D*) > 1.5 GeV .
2 o0s 1 [ e NLO QCD customised i) 15
s - : - NLO QCD b - D** .
0.6 L I 1 | | | | | 1 I ] 0 P e | I I S J s el | I. el ] I - | I L1
2 3 4 5 6 78910 20 -1.5 -1 -0.5 0 0.5 1 1.5
p, (D*) (GeV) n (D%

HVQDIS NLO QCD predictions:

« Describe data reasonably

« Large uncertainties 10-30% - need NNLO and
improved fragmentation models .



d?c/dQ’dy (nb/GeV?)

H1+ZEUS D** Cross Sections in DIS

H1

and ZEUS

ep — eD*X

1.5=0=3.5 GoV” s 38055 Ga
b )
2 — 5
B N E .
o 0.03 LN 0.30 o 0,03 oA o.30 o 0.03 (A 030
oL oL Ll . IS T R
0.03 010 0.30 0.03 0,10 0.30 0.03 0,10 0.30
- 45<Q"<100 GeV* 100<G'<158 GaV” o032 & 15807251 GeV* ]
0.04 - I ]
BT - - -
: 0.002 -
¥ 1 : $ :
| 0.001F L B
o aal 0: il i .:
0.03 [ (1] 030 0.03 in 0.30
[ T II11| T T T ?
0.3 251<0F<1000 GaV®
i HERA
g ¢ 1.5 < Q° < 1000 GeV?
0.z — NLO QCD 0.02<y=<0.7

0.03 .10 0.30

soss NLO QCD eustomised
NLO QCD b — D™

pT{D‘} = 1.5 GeV
m(D*)| < 1.5

Input data: as before

EP]J C71 (2011) 1769 H1
PL B686 (2010) 91 H1
JHEP 05 (2013) 097 ZEUS

plus ZEUS HERA I data
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Summary & Prospects

No hew caita out a lot oF hew results

Extensive results on jet production
Precise a, measurements

New results on diffractive dijets in DIS and photoproduction
Conformation of diffraction suppression in photoproduction

New precise measurements of prompt photon production
Verification of collinear and k, predictions

Extensive results on charm and beauty production
Precise combined D** Cross Sections in DIS

More final and combined H1+ZEUS results
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HERAPDF 1.0, 1.5,

HERAPDF1.0

HERAPDF1.5

HERAPDF2.0 (prel.)

Hiprelim-14-041(2)
ZEUS-prel-14-005(7)

2.0

Data Sel x Gridl O [Gev= Grid IS et e Vi
from Ly from to ph! GieV

HERA T E, = BN GeV and £, = 920GeV data sets
HI svx-mb 9500 | 0.000005 D.02 0.2 12 2.1 e p 301, 319
H1 low (° 96-00 | 0.0002 0.1 12 150 | 22 atp | 300,319
HI KC 9d-97 | 0.0032 63 150 30000 | 356 etp am
HI1CC o497 | 0013 D40 300 15000 356 etp 301
Hl NC 9800 | 00032 .65 150 30000 16.4 & p 319
HI1 CC 9899 | 0013 0.4 300 15000 6.4 ep 319
H1 NC HY 9899 | 00013 0.01 100 B 16.4 e p 319
Hl NC Qo0 | 00013 0.65 100 30000 (5.2 etp 319
HI1 CC 9000 | 0013 0.4 300 15000 63,2 etp 319
ZEUS BFC 95 | 0000002 (L0000 011 (.63 1.63 ep HI
ZEUS BPT 97 | 00000006 D001 0045 0.65 1o etp 300
FEUS 5VX 95 | 0000012 IR (L6 17 02 etp Hi0
ZEUS NC 9697 | 000006 D.635 2.7 30000 30.0 etp 300
ZEUS CC 9497 | 0015 D42 280 17000 47.7 et p 300
ZEUS NC 9890 | 0.005 .65 200 30000 159 & p 1%
ZEUS CC 9899 | 0015 D42 20 30000 6.4 ep 318
ZEUS NC 9000 | 0.005 D.65 200 30000 63.2 et p 318
ZEUS OC Qo0 | 0.008 042 260 17000 [k etp 1%
HERA T E;, = 920 GeV data sets
HI NC 0307 | 00008 0.65 60 30000 182 e 3l
HI CC 03-07 | (008 0.40 A0 15000 182 ety 39
HI NC 03-07 | 00008 0,65 60 50000 [ 1517 | e p il
HI ¢ 03-07 | 0008 140 a0 30000 | 1517 | e p ilg
H1 NC med 7 0307 | 00000986 0.005 5.5 o) | 976 et p 319
HI1 NC low 0307 | 0000029 000032 25 12 5.9 et p il
ZELS NC 607 | .05 065 M 30000 | 1355 | e'p T
ZEUS OC 06-07 | 0.0078 0.42 280 30000 | 132 e p IS
ZEUS NC 05-06 | 0005 .63 20 30000 | 1608 | ep IS
ZEUS OC -0 | 0015 .63 280 30000 | 175 e p 318
ZEUS NC nominal 6-07 | 0000082 0008343 7 110 | 44.5 etp 1T
ZEUS NC satellite a-07 | 0000071 0005343 5 110 445 el 318
HERA Tl E, = 575 GeV duta sets
HI NC high 0 07 | 000065 065 5 B0 | 5.4 e p 352 |
HI NC low 7 07 | 00000ZTY 00148 1.5 o 59 et 252
ZEUS NC nominal 07 | 0000147 OU3349 7 g | 7.1 e p 251
ZEUS NC satellite 07 | 0000125 0013349 5 g | 7.1 e p 251
HERA I E;, = 460 GeV data sets
HI BC high §° (U R 065 33 21K 11.8 e 225
Hi NC low (¢ 07 | 0000348 00148 1.5 ) 12.2 et 225
ZEUS NC nominal 07 | 0000184 0,01 6636 T 110 13.9 et 225
ZEUS NC satellite 07 | 0000143 0,01 6636 5 110 13.9 etp 125

# All results are final and published!

elep | Vd3H lind

494H Elep || V4 3H

%
L

d37 Elep [ Vd3IH



Heavy Quark Production

e(k’)

Y(q) /

ME

g€ p)

= 2 —
PPV X(1-®)p)




Phase space of the measurement:

Tag: jet + secondary vertex 5 < %< 1000 GeV2
* Employs long lifetime of ground state 0'[_]2 <y<0s
hadrons containing charm or beauty E*>5(4.2) GeV
quarks |
16<n<22

* No specific decay mode requirement
— Iincrease in statistics

Jel axis

« Select tracks belonging to a jet
» p,(track)>500 MeV

« Fit a secondary vertex Secontiars

vertex
* Project decay length onto a jet axis I
onLo

« Calculate decay length significance jet axis

3D decay
length

Primary
vertex




Quark mass definitions

Pole quark mass
e Based on (unphysical) concept of quark being a free parton
@ Pole mass is ambiguous up to corrections of O(Agcp)
Running quark mass (MS)

@ MS (minimal substraction scheme) mass definition m(;:g) realizes
running mass (scale dependence)

@ renormalization group equation (mass anomalous dimenstion )
0

)
2
(#R% + B(as) 5&5) m(pr) = v(as)m(pR)
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Charm DIS Data Samples

Data set Tagging method ()* range N L

[GeV~] [pb~ ']
I HIVTX [14] Inclusive track lifetime 5 — 2000 | 29 245
2 HI1 D* HERA-I1[10] | D*t 2 - 100 | 17 47
3 HI D" HERA-II [18] | D*F H - 100 | 25 348
4 HI1 D* HERA-II [15] | D** 100 - 1000 | 6 351
5 ZEUS D" (96-97) [4] | D** I - 200 | 21 37
6 ZEUS D* (98-00) [6] | D** 15 - 1000 | 31 82
7 ZEUS D [12] pOwoD™ b — 1000 9 134
8§ ZEUS D' [12] Dt b — 1000 9 134
9 ZEUS p [13] Il 20 — 10000 | 8 126

+ two independent experiments

- a large variety of tagging techniques: inclusive methods using the large lifetime of
charmed hadrons, inclusive track lifetime, complete reconstruction of charmed
mesons, D**, charm semileptonic decay,

- a large number of measurements, 2 N=155 data points, in a common grid spanning

the x — Q2 plane (except for [14] where scaling factors, always smaller than 18 %, have been applied to
migrate the original measurements to the closest point of the common grid)
- developped a combination method taking into account properly correlated and

uncorrelated uncertainties (155 data points in 52 bins)

key observable: A2 _f.le

cc

Tred T 4edQ? 27a2(Q2) (1+ (1 — y)?) 36
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Combined Charm Reduced x-sections

B HIVIX ¥ H1D'HERA4

ZEUSD*98-00 © ZEUsD'

A H1D"HERA-I ZEUSc -+ puX A ZEUSD'9697 ¢ ZEUSD' H1 and ZEUS

—

oy
_LIJJJL_LLU.I.II.I_LLLUJ.I.‘__LLULL
Q*=12 GeV?

k lgi
[y,

_J.I.IULLLI.LIIIL.I_LI.LI.ILI._LL.LI.LL
Q%60 GeV?

- i
: £

Q*=2.5GeV? |

Q%=350 GeV? | _

‘_+ { : £r§

Ry P '

INRTTIT EEWRTTTT MRWTTTT MARATT NI llumxl_u.uud_x_l.un-
Q=18 GeV? | Q*=32 GeV?

:—ﬁi SR

gi, ] ; ﬁug

Q*=5Gev? | } Q%*=7 GeV?

_u.u.uLi_u.ou 1 llllII.J lllllu,_l.lJ..uJ llllul.l|_.l...l..Ll.IJuI_LL.LLu.
Q*=120 GeV? | Q?*=200 GeV?

_ 1

| —
[
b

10* 10° 107

»
Q%=650 GeV? | Q%=2000 GeV?
B A ® HERA
- i -
- ‘, - i
10* 10> 102 10* 10° 10?
X

H1 and ZEUS
- 0.6 — : e
e W HIVTX ¥ H1D*HERA- ZEUS D*ge-00 ) ZEUSD®
A HID'HERANI (O ZEUSc—pX A ZEUSD'96-97 b ZEUSD* |
® HERA
i example:
0.4 |- Q’=18 GeV® i

v" good consistency of data

among the several possible tests
y2/ndf=62/103

v good complementarity of data

v 10 % uncertainty on average,
6 % at small x and medium Q2
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red

Sensitivity to m_

H1 and ZEUS
Q’=2.5 GeV? G’=5 GeV? @’=7 GeV?
B | .
_t: N L
L
I | LLLILLE IJIII|I|
u Q°=12 GeV® | Q°=18 GeV* Q=32 GeV*
I N
_I_LLLI.IJ 1 III|I.IJ Illlll.lj | I III.IJ I BRI Illlll |
B Q°=120 GeV* | Q°=200 GeV*
| \ \\
_|_LLL|,|J IIII|,|J IIIII|,|J 1 III_I II|,|J 11y IIIII| 1 1811
L B Q°=650 GeV® | Q°=2000 GeV*
I I i * HERA
I I I = HERAPDF1.5
10* 10° 102 10* 10° 102  10* 10° 10?
X

well described using
HERAPDF1.5

(fitted from inclusive

DIS only)

strong charm mass

dependence
(blue band: 1.35->1.6 GeV)

Can be used to
constraint m_
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m_value and running

H1 and ZEUS
ot ' I

o 700 |
s i
Charm + HERA-I inclusive

R e FF (ABM) .
680 me(m_)=1.26 £ 0.05 GeV
60  NLO

[ ]
640 _ . .
'.. '..
®e0cece®’
I 1 | . | | . | I
620, 5 — .
mg(m ) [GeV]

me(m.) = 1.26 = 0.05.,, &+ 0.03,,44
+0.02p0r0m £ 0.02,, GeV

Errors are experimental, model,

parametrisation and a,

Consistent with PDG:
me(m,.) = 1.275 £ 0.025 GeV

my(u) [GeV]

-
(=]

-
F=

-t
N

0.8

0.6

0.4

H1 and ZEUS preliminary

|

C . HERA (prel.) __

C u PDG with evolved uncertainty 7
| |

__ L ] __

L | -

1 10

mc(p) = me(me)

B for Ne.=3 is

=
©
®
S

=/ Q%+ 4m?2

(G's(#) ) o

T

(2slme) g

T

O
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Beauty Reduced x-sections and F,

L.g 0-02 T T T T T T T T T
o} Q® = 6.5 GeV? Q* =12 GeV® Q* = 25 GeV*
0.015F T T .
0.005] 3 + I\I +
0 } f } } t t f 0

0.04} - I -

Q° = 160 GeV*

0.02] il AN 1
&E"i L)
O ' :2 T . 00 10° 107 10¢ 10° 107
0-03 r Q =600 GeV 1 x x
. ZEUS 354 pb"
0.02 7 QCD fit, mh=4.07 GeV (best fit)
I ....... QCD fit, m =3.93 GeV
0.01f ]
_ - QCD fit, m =4.21 GeV
10 10* 102
X

Sensitivity to m comes
mostly from low Q?

F2? + 0.03 i

0.22

0.2

018 —F~ ———

0.16

014

0.12

0.1

0.08

0.06

0.04

0.02

l |||||||| ||||||| I |||||||| | l
I ZEUS vix 354 pb™ .
=1 -
_ﬁro 00013 I=7 ZEUS e 363 pb .
5 ZEUS 114 pb™ .
: J ZEUS p+vix 126 pb™ 1
H1 vix 246 pb™ —
- x=0.0002 i=6 ]
- M/‘ HERAPDF 1.5 -
ABKMNNLO
- x=0.0005 i=5 - MSTWOSNLO -
T A e MSTWO8 NNLO |
i s —— CTEQE.6 NLO ]
- x=0.0013 i=4 — JRO9 ]
—_x=0.002 i=3 _:
L x=0.005 i=2 E
:_ [}* % _:
- x=0.013 i=1 g
- x=0.032 i=0 -}-—‘f-‘ﬂﬂﬁ _:
Lol Lol Lol [
10 10° 10°
Q’ (GeV?)
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m, value and running

_ i ZEUS
N?e 600 | 1 | LI | LI I LILIN | I LN | | L I L | LB LI L | — 5 . . I I : I I | I . ; —

- Inclusive DIS + beauty QCD fit ? - ]

598 — (6] - :
u = as— PDG —

596 — 3 ~ (lattice ete.) ]
- > - . LEP -

- E - ZEUS =

594 — a N + ]
— N _ B PDG with evolved uncertainty _

590 — . 3 A ZEUS _
B ] - [ ] DELPHI 3-jets -

N -] I *x  DELPHI 4-jets NLO N

588 — T .sE A ALEPH D ]
- . L O OPAL K

586 [ 7 N O sLD N
o b b s b b s b b s by v bv v s baa 7] 2_ L I | | L L TR S R W ]

35 3.6 3.7 3.8 3.9 4 4.1 4.2 43 4.4 4.kt 10 107

m, (m ) (GeV) u [GeV]

my(m,) = 4.07 £0.147, 00 07 ag %000, %005 6V translate back to 2m,
PDG: 4.18 + 0.03 GeV (lattice QCD + time-like processes)

mass running consistent with QCD
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Ratio of D** PhP x-sections at different Vs

ZEUS DESY 14 082
—

] 1.2 T T T T T T T T T | .

L _ Tavwr 9 ;

o - 102 GeV | May 2014
W = _
'L <13.% GeV 152 Gev ]
0.8 ]
0.6 — -
B Q? <1 GeV? i
04 L = ZEUSep— D*X mP < 1.6 7
=L 1.9<pl<20Gev
- NLo acb 0167 <y <0.802
0.2 —
ﬂ B | | | | | | | | | | | | | | | | |_
240 260 280 300 320

Vs (GeV)
Parameters for NLO QCD calculation:

Fixed-flavor-number scheme (FFNS):
Strong coupling constant : as(Mz) = 0.118,
mass of ¢ quarks: m =1.50 GeV
Fragmentation fraction f(c->D*)=0.237
PDFs : proton - ZEUS-5 FFINS
photon - GRV-G HO
Peterson fragmentation function: = 0.079

Scales were set to 11 = \}mi +p; 42



Charged Particle Spectra in DIS

—4— H1 data
.-----DJANGOH --- CASCADE
— RAPGAP Herwig++
= 10¢
2 f’iﬁ 0<n*<1.5 H1
S 1y central
- E L
NERLN
—=Z F
10%¢ i
10°F
10.4;_I|.|||JIII|||||II|||JIII||||||||||III||||||III|
2] N
w 15
a S
] = B, - o
= 1;" E—
o5f o L—
0 1 2 3 45 6 7 8 9 10

p,* [GeV]

—+— H1 data

5<Q?< 100 GeV?

- DJANGOH -~~~ CASCADL
— RAPGAP Herwig++
- 10g
% ,—,1 1.5‘:11*'-‘-5 H1
S 1 L, forward
N E N
SiS107F I—z.:_.
-z 2 )
102 ==
10'35— L
@ 10.45...I.|||I....||.I. | Ly ir——
® 15F
a Fry o7 T T ey e ————
- ._‘_______.------'__""--------.- = - - .r-
g 1; = _ i
05F T,
01 2 3 45 6 7 8 9 10
P, [GeV]

DJANGOH does best, RAPGAP is also satisfactory at low p, but not

at high p_.

CASCADE (based on CCFM) is the least successful model.

Eur. Phys. J C73 (2013) 2406
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