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* Introduction
- Selection of diffractive events
+ Reconstruction of D*
Diffractive D* in photoproduction (Q%~0) (new result)
- Comparison to inclusive D*
Summary and Outlook
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Deep Inelastic Scattering at HERA:
diffraction contributes substantially fo the cross section

(~ 10% of visible low-x events)
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Q?: 4-momentum exchange

Inclusive DIS: W: y p centre of mass energy
Probe partonic structure | x: fraction of p momentum carried
of the proton — F, by struck quark

X xmpt fraction of p momentum carried

by the Pomeron (IP)
q-(p-p) Q'+ M;

Diffractive DIS: e = T Qirw e
5;o‘rbheesg>r<‘gﬁlﬁgzd B: fraction of IP momentum carried
} color singlet — F,P by struck quark
My - X 0 o’ §
B = ~ _

29-(p- p')~Q2+M>2< - Xip

p can stay intact or dissociate
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Diffractive structure function:

,BQ4 dO'Dep—>e'Xp'

FZD(3)(ﬂ9Q29 X|p) —

dnat(—y+y:/2) dpdQ*dx,,

QCD Factorisation:
oD = universal diffractive PDF ® hard ME

Factorisation proven for DDIS by Collins.

Rapidity gap due to exchange of colorless object
with vacuum quantum numbers
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ZEUS

Ed

do/dp (D ) (pb/GeV)
[

— MNLOQCD 3=

e

—

=

. e

[ l.3<m(<l.ISGe\f__ 5
[5)

=]

xp<0.01

ACTW fit B

=== SATRAP

— T — T
T 1 2
o ZEUS9800 18 509 | .
L emneen BILW (k‘r“;=1_5 GeV) -

6 8 10

D* cuts:
* p(D*)> 15 GeV
* [n(D*)| <15

Kinematic range:
*15<Q2%< 200 GeV?
«0.02<y <07
*3<0.8

NLO calculation:

HVQDIS with:

» ACTW fit B (gluon dominated fit
to H1 and ZEUS incl. diffr. DIS
and ZEUS diffr. yP data)

= 300 = - -
=250 ] E .
" 200 1T = good agreement of NLO
= 150 15 calculations with data
% 100 107 ¢ <= confirms QCD factorisation
2 i in DDIS
= o e nl e LS = data used to constrain gluons
1 15 2 25 3 0 02 04 06 038 in ZEUS LPS fit
log(Mz/GeV)) | Nugyp B
Y38672(2003
).3
Isabell-A. Melzer-Pellmann DIS 2007




)

0 ®
[( DESY |
J_,-l'

..
i

—~ 0.4 —~ L5 Q
,g; 0.3 % . E_gluons (GeV™
Diffractive PDFs: N 02 Nt 10
. . 0.5
> assume Regge factorisation Ol R L‘*‘%—g\
. . 0 111 11| 11| 111 0 11| 111 111 111 1 11
» parametrise flavour singlet and 02 04 06 08 1 02 04 06 08 1
gluons at Q% = 2 or 3 GeV? o o z
. . T E  —  HLDPDF 2006 Pt A fry
> evolve with NLO DGLAP and fit Soa - REBEES S
N o2f 25
01l 0.5
0 :I 11 I 111 I 111 | 111 0 111 | 111 | 111 | 111 11
> Gluon domlnClTed 02 04 06 08 1 02 04 06 08 1
. o z z
> quark density well constrained o 0 o 1§
o [ E [
> larger gluon uncertainty at FO3E EXR
high z (fractional momentum of parton) gi 05 0
0 111 | 111 | 111 | 111 0 111 | 111 | 111 11 I
0.2 04 06 08 1 02 04 06 08 1
ZEUs 15 Z y
EF rom incl.?f"har'm Fi- Hi 200¢ ..
Ur'. Phy Ifff' d : EU,' P 6 fl fsl.
N"”d Drsi'h‘r- c3 (gga in “Phys. 7 Cas
uc/PhYs.Béa i datq ,O ) 43-6, (2006) 715.
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Comparison to Tevatron _ﬁ
—*.\\-

=)
oo - Hi fit-2 —+ CDF data
e e HA fit-3 E¥N25 7 GeV
100 (Q%= 75 GeV?) 0.035 < £ < 0.095
1] <1.0GeV?

B --.-ahn
L LT Py
.. PEAL L
10 | s R
E Y LA
- =, Ly "‘h.'.!l’-
CXv.
L i

Dijet cross section _
factor 3-10 lower 1k
than expected '

using different | — H1 2006 DPDF Fit A
HERA PDFs 0-1E — H1 2006 DPDFFit B

0.1 5 1
HERA:
DIS (Q%>56eV?) and direct photoproduction (Q?=0):
TEVATRON and LHC: > photon directly involved in hard scattering
interaction of two hadronic systems Resolved photoproduction:

> photon fluctuates into hadronic system,
which takes part in hadronic scattering
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Suppression due to secondary interactions by add. spectators
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HERA Tevatron

secondary interactions
by additional spectators?

Test at HERA with resolved part of photoproduction
Kaidalov et al.: rescaling of resolved part by 0.34 (for dijets, ”
less for charm due to enhancement of direct part)  *‘ettasss (205
3).61

Dijet and charm data:

Hard scale: E+ of jet or charm mass

> tests of universality of PDF's (=QCD factorisation)
> test of DGLAP evolution
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Diffractive selection with rapidity gap method: i |
* Npax ¢ 3.0 4
® XIP < 0035 .5 : 5
* subset for cleaner diffr. events: o b Vel : ]'_—:u_: b
xp < 0.01 — : : .
IP FPC - i
Elﬂ";— * ZEUS 79 pb’ (a) — — -_:E
diffractive A 103%_ %gﬁ%:{mm 3 ( EE
shoulder 20 ; ] o5
10 E i ‘- %
- \ non-diffractive

P F/ events

,
D events
o
=
[3*)
T

10 =

Strong reduction of
non-diffractive
background by cut on

forward plug calorimeter (FPC).

Isabell-A. Melzer-Pellmann
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D*(2010)=: reconstructed using decay chain:

D*(2010)* = DO r* . . ZEUS
[=*] L 1 E
K™ soft pion E 1805_ + ’ :;f:.ozpb_ _
< 160 ——  Wrong Charge Background .
* Identification of D* with mass 21403_ i
difference method. , g + xip< 0.035: 458 + 30 events ]
- Background estimated using £ 1207 (x;p < 0.01: 204 + 20 events)
wrong charge combinations. £ 100} + i
= :
Event selection: S 30r
»Kinematic range: 60|
e Q2<16GeV? sk
* 130 < W < 300 GeV :
20
> D* cuts: vl T
e p(D*)> 1.9 GeV 00.14 0.145 0.15 0.155 0.16 0.165 0.17
e [In(D*)| < 1.6 M(Knr) - M(Kn) (GeV)
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90% of events produced in direct process

(due to color enhancement),

only 10% resolved (including flavor excitation).

= good statistics to check factorisation in direct yP

= too poor statistics to check factorisation for resolved P

Monte Carlo (for corrections):
RAPGAP 2.08/18 with H1 FIT2 LO

NLO calculation:

FMNR with the following diffractive PDFs:
> H1 fit 2006 A and B

» ZEUS-LPS + charm fit

Photon PDF: GRV-G-HO

Isabell-A. Melzer-Pellmann DIS 2007
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ZEUS
::/160__””IIIIII““I”HII“III“I'I“I_ 9 T ' ! ! o~ 0,02 T T T
£ ® ZEUS 79 pb 19 L) - d
g ok NLO QCD (EMNR) 1% oo 2 0.015 - ] good agreement
r — H1 2006 Fit A - ho S
wof H1 2006 Fit B = EN I = 1 of all NLO -
C ] g ZEUS LPS+charm Fit 1 % 0.04 ] % 0.01 L2 R CGI Cula'l-l ons WlTh
I 1 ® e S . data
S X R 1 0005 f JELE_ = large error in
] theory mainly
: E 0 bt ..4(.}._;_“50 ) — due o
00 " 0.005 0.01 0.015 0.02 0.025 0.03 3;135 My (GeV) W (GeV) scale variations
—_ [N R AR _ L BN RS RS RS I b I S, T 1 ' .
E . 8 12 18 4t ;
= 1 %2 35¢L E
= [ ] ; ]
~ ; % 08 % 3 i | = supports QCD
=3 5 o6t g 5 1| factorisation
s X 2 E 3 o .
E . o st in direct yP
3 02 : 1p 3
10+ ’ “ 0.5 ¢ —
2345678910 %1571:050 05 1 15 0005 0406 081
py(D) (GeV) n®) P';’Ff*uz’f(;j’_z; ;= 2D
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do/dp(D") (nb/GeV)

: ey~ 0,01 e
P eamus V£ 01 1} S— e 2 0085 e zEUS 79pb! sl §
epreDXp & NLO QCD (FMNR) 1 Qoo b 1| xgp < 0.0%: cleaner events:
140 . 13 oo = T - 7 | - Reggeon contribution
120 ® ZEUS 79 pb” f \..;q . — FZEUS LPS+charm Fit ] negl'glble,
i 30%‘;?3?5?;’ _: % } - %“-""ﬁ 3 7 | - non-diffr. background
b — ZEI'SLPSHhmmFﬂé :g 0.04 :}" E ,.'g 0.004 _ - .1 . ﬁ reduced
- 0.02 | : ' } } 1 :
o ' : jooeeezrl W L_- | = good agreement
20F 0 [T |_.] RO PUTEN | 0 Lo . 1 . 1 . Of C(” NLO
T T 10 20 30 40 50 150 200 250 300 . .
=003 0.01 0.015 0.02 0.025 0.03 31.:35 M, (GeV) W (GeV) CGICUlaTlonS WlTh
TTTITTITTTTTTTTTT — T T T T T T — st T T T daTa
s 07¢ 18 225t 2 | = large error in
af s "0 el i theory mainly
1§ 05 HE f due to
i -~ L 10= =~ . .
4l g 048 8 12si T g : scale variations
; E 0.3} ] 16 } ]
5 ; i 075 ¢ 3
A - 20 L Y | | = supports QCD
10 3 3 01 0 = v 0.25 F E H H
| I I :| I 1 I . ) 1 1 | ; - ch.ror‘lsa.r|on
2 3 4 6 '7* 8 9 10 0- S1-050 051 1*.5 00 0.2 04 06 03 *1 in d ir\ec"' YP
p(D) (GeV) nm) z(D)
Isabell-A. Melzer-Pellmann DIS 2007 13




~~"‘ﬁflnilx)
l.-
’Fﬂ\‘\. E

...

Calculation of ratio diffractive (x;;<0.035) /inclusive:

> Perform exactly the same analysis with/without diffractive cuts
> Use exactly the same program (FMNR) only with different PDFs

= systematic errors in analysis cancel out
= NLO uncertainties cancel out
= more precise test of PDFs

inclusive Monte Carlo (for corrections):
HERWIG 6.301

inclusive NLO calculation:
> FMNR with CTEQ5M

Isabell-A. Melzer-Pellmann DIS 2007 14
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ep—eD*X'p

Ratio diffractive/inclusive D* (R)

01 Xpp < 0.03 ‘g
NLO QCD (FMNR) L .
gy CHEE for xp<0.035
) - +07 °
:: Rp(D*)= 5.7 £ 0.5¢s1ar) " 0.2 (systy = 0-3(p.ay 70
0.02 - i . .
L Ratio from NLO calculations:
L B I S 'Tpr{an,)(éﬂ%o H1 2006 Fit A: 6.0%
oo | ~ H1 2006 Fit B: 5.7%
3& 0.08 35. 0.08} LPS Fit: 58%
0.07 " 3 T T it
s ]
" ' u.m-} £ Very good agreement:
iy strongly supports
ol " QCD factorisation
T T W R ¥ ¥ B, 0™3% 300 350 300 for‘ dif'eCT YP
z(D") W(GeV)
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~ 0.09 H . . .
=) [ epoeD X'
= 0.08F P P )
7T | o] Ratio Ry for xgp < 0.035
0.06 - . ] = visible cross section:
" | ' 6% of D* are produced
Mr ] diffractively
0.04 | . = no Q? dependence
' ' observed
0.03 _
L ® ZEUS79pb’ Q< 1GeV? -
0.02 v ZEUS98-00  1.5<Q’<200GeV’ -
L Ao ZEUS95.97 4 < Q%< 400 GeV?
0.01Fm H1 9697 2 < Q*< 100 GeV? .
' [ . . .
0 v 1 10 10° 10°
Q" (GeV?)
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Test of diffractive PDFs with ep charm (D*) data:
Data very well described by NLO
= about 6% of D* are produced diffractively for DIS and yP.

> DIS:
> NLO QCD calculations with diffr. PDFs describe data
= QCD factorisation confirmed
> yP:
> NLO QCD calculations with diffr. PDFs describe D* data
= strongly supports QCD factorisation for direct yP
= too large uncertainties to draw conclusion for
resolved yP (contribution only about 10 %)

Outlook: need dijet analysis for conclusion on resolved yP
= new ZEUS results presented by Y. Yamazaki

Isabell-A. Melzer-Pellmann DIS 2007 17
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Event selection:
LPS, M, and LRG method

Use of leading proton spectrometer (LPS):

> t-measurement

ZEUS

" Photon diffractive dissociation

Number of events

) .
Q > access to high xp range
> free of p-dissociation background
» small acceptance — low statistics 1—x
P
Diffr.  Non-diffr. P PYT SangEre> 1 GeV)
Ed DIG SR+Rhop B Sang(M, <2.3 GeV)
l l i E 1030 W =200-245Ge ZEUS| n_di ot
g —ledﬁ =D+ c-exp(b- lang) 2 il gjio-ong‘(f}zv i I; dllfSOCIG‘I(':;on
n 2f ackgroun
S X (D, ¢, b from a fit to data) 10 subh?ac‘red for
- flat vs In M 2 for diffractive events 10 mass of diss. p
- exponentially falling for decreasing M, 1 Bf 2 Mo 23 Ge\)
for non-diffractive events H NS
0.
i H1 ep— €Xp'
® events with large rapidity gap (LRG): = |
Y p-dissociation background for > P HHH%' | o
| 2 | P
My < 1.6 GeV, |t|<1 GeV
Isabell-A. Melzer-Pellmann DIS 2007 19



— e T T i : .
A | 2 | m Forward Plug Calorimeter (FPC):
FCAL | = NTRTITIZ .
i B ff e | | CAL acceptance extended in
—~ I= .7 RHES =T b4, s - -
% T ol [ pseudorapidity from n=4 to n=5
6 3o R % > higher M, (a factor 1.7) and lower W
20cm | = . . .
Hlrg & —LIyE | | > p-dissociation events: for My > 2.3 GeV
l 7T = energy in FPC > 1GeV recognized and
i | I ERECCTRNE B =S rejected
— Slope{nondiff) - - - Const{diff} — Fit{diff+nondiff)
" * D-PYT-Sang(E,. > 1 GeV) Diffr. Non-diffr.
DIG SR+Rhop B Sang(M, <2.3 GeV) l l l
T 1030 W =200-245GeV dN . . 2

(D, ¢, b from a fit to data)

- flat vs In M, 2 for diffractive events

- exponentially falling for decreasing
M, for non-diffractive events
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proton BT7 BT BET Q515558 B4T

Q42 QI3 B2 RIS Q615 [pyyg

> t-measurement

H1

> X1p - measurement (access to high x;, range)
> free of p-dissociation background
> small acceptance — low statistics

xIle__p
Ep

XL = i ~ 1 Xip
P,

~ Photon diffractive dissociation

Em‘.s‘
ha
o]

|

]
[

Number of ev
1)
]
9|
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