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Inclusive Deep Inelastic Scattering
Jets and Heavy Flavours in DIS % recont

. . . results
Exclusive dipion electroproduction

inclusive diffraction + diffractive dijets + total cross section -> talk A. Valkarova
comparison of diffraction at HERA and Tevatron -> talks C. Royon & K. Giulianos
exclusive vector meson production -> talk L. Favart

HERA data and pomeron -> talk U. Maor
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|Deep Inelastic ep Scattering at HERA |

HERA:
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kinematic variables: Electron (L) q=(-f

QZ = _qZ photon (or Z) virtuality, squared momentum transfer

iy - Q< 16eVe
X = XX Bjorken scaling variable, photoproduction
2Pq  for Q% > (2m,)*:  momentum fraction of p constituent
P Q> 16GeV2:
y = 3 inelasticity, G
(P v momentum fraction (of e) DIS
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H1 and ZEUS Combined Data
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exp. syst. uncertainties and correlations

HERA data essential input to any PDF fit
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The structure of the proton

e Measure cross section run in 2007
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at higth

special HERA

to Oth order QCD (Quark Parton Model, Q? >> m 2):

\

e Parton distribution functions (PDF) in pQCD

3" (x, Q%) = x ) e [i(x, Q) + qi(x, Q)]

& q; — probability to find quark with flavour i in proton

21.7.09

A. Geiser, HERAscale to Terascale, Gomel 09

"higher"

/ order QCD
corrections

in general.
F, structure

function
IS not PDF
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Combination of HERA data and PDF fit @
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- inclusion of the HERA II high Q? data improves precision at high Q2 and high x
= further new results (not yet included in average): ZEUS-prel 11-003, 11-004

- NLO and NNLO versions of HERAPDF 1.5 available on LHAPDF
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Example: W production in CMS

CMS preliminary 234 pb™ at \'s =7 TeV
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probably more examples in LHC talks this afternoon
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Longitudinal structure function F,

H1 Collaboration
F, [ 28 8 ® 8 ¥ 28 8 8 3 g3
XS © o o - < o« > ¥ w8 © v = EPJ C71(2011)1579

0.4

0.2F
' also H1-ZEUS
0 combination:
ZEUS-prel 10-001
> [ ] HERAPDF1.0NLO [ MSTWO08 NNLO H1-prelim 10-043
> prelim
. ] CT10NLO [J] JR0O9 NNLO
65 - 0O ZFUS | O | NN.PD.F2;1 .N.LCI)_ ] A|BKM09I NNLIO ) ZEUS updaTe:
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Q?/ GeV?

- perfect description of the F| data by QCD at Q? > 10 GeV?
- large spread/uncertainty of the QCD predictions at low Q?

F_ data are valuable input to QCD fits
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Jets and o,
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Jets in ep interactions (HERA) \

QPM: =" single (or no) jets in DIS: no QCD,
../ % measure quark densities

o

Boson-Gluon Fusion ‘ dijets in DIS or photoproduction: ‘
e

measure both (dijets) or

integrate over 2" jet (inclusive jets)
require high E;w.r.t. photon axis

check QCD

study performance of jet algorithms
measure o and its running
measure gluon density
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Inclusive JZTS in DIS
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Ratio

Mult

H1l-prelim
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ijet production + o
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16.12. 11 A. Geiser, DIS and dipions at HERA, EDS 11 Qui Nhon 13



H1 summary of o, measurements .

H1 high Q! inclusive jet
H1-prelim-11-032

H1 high Q? norm. inclusive jet
Eur. Phys. J. C65, 363 (2010)

H1 low Q? inclusive jet
Eur. Phys. J. C67, 1 2010)

H1 high Q? inclusive jet
Phys. Letl. B653, 134 (2007)
H1 high Q° dijet
H1-prelim-11-032

H1 high Q? norm. dijet
Eur. Phys. J. C65, 363 (2010)

H1 low Q? dijet
Eur. Phys. J. C67, 1 (2010)

H1 high Q* trijet
H1-prelim-11-032

H1 high Q% norm. trijet
Eur. Phys. J. C65, 363 (2010)

H1 low Q? trijet
Eur. Phys. J. C67, 1 (2010)

World average
S. Bethke, Eur. Phys. J. C64, 689 (2009)

uncertainty
—— = — exp.

IIllIlIIIlIIIIlIlIl

16. 12. 11

0.11 0.12 0.13
ag(M.)

optimised for
minimization of
experimental
uncertainties

good agreement
with previous
measurements
and

world average

uncertainties
dominated
by NLO theory
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ZEUS-prel
11-005

. th. uncert.
Ol r‘unnmg — | LI

exp. uncert.

ZEUS |

Inclusive-jet cross sections in NC DIS
ZEUS-prel-10-002

Inclusive-jet cross sections in yp
ZEUS-prel-11-005

> rryrrrr|rrrr|rrrr|rrrrrrrrrrrrrrog [.—‘.Tl Incluuve jQ( Cross sections m N
e b ; > 2 27
o] 022 £ | ZEUS (prel.) QCD N H ZEUS (Phys Lett B 691 (2010) 127)
' S _ 1 4 —— Inclusive jet cross sections m NC DIS
-\ A o NC DIS 300 pb - "' ZEUS (Phys Lett B 691 (2010) 127)
0.20 + \ B corr.uncert. [ th. uncert. - ) 'fH ) Izn}:dl"lsm-e.]lﬁl; r Oi'»_ sections m yp
- \- - 1 : | -prel- 015
L ® photoproduction 300 pb . |-|.—| Inclusive-jet cross sections i yp
0.18 | B corr.uncert. [l th. uncert. N | ZEUS-prel-10-015
i i —_—— Inclusive-jet cross sections im NC DIS
0.16 - . " ZEUS (Phys Lett B 649 (2007) 12)
. N 7 —— Inclusive-jet cross sections im NC DIS
- - hys Lett B 547 (2002) 164)
ZEUS (Phys Lett B 547 (2002) 16
1 L N i Inclusive-jet cross sections in yp
0.14 L. I e ZEUS-prel-08-008
¥ ] nclusive-jet cross sections m vy
b - .".-...-.l. s I ] 'p
012 i l X . : : - | ZEUS (Phys Lett B 560 (2003) 7)
L1 1 L |- L1 Ll Ll 1 1 Ll 1 1 LAl 1 1 L1 1 1 HER_:\ (ombmgd 200‘.
10 20 30 40 S0 60 70 g (H1prelim-07-132/ZEUS-prel-07-025)
jet . P HERA average 2004
E; (GeV) N (C. Glasman, hep-ex/0506035)
ol World average 2009
(S. Bethke, hep-ex/0908.1135)
analyses optimized for 0.1 0.2 0.1

minimization of theoretical uncertainties
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H1 and ZEUS (prel.)

— exp. uncert.
‘ ===« th. uncert.

‘ HERAPDF1.6
Preliminary

H1 high Q% norm. k, multijets .
Eur. Phys. J. C65,363 (20100  cmeeemeee

H1 low Q? k; multijets -
Eur. Phys. J.C67,1(2010) TrTTmmmTmemmeseeses

ZEUS incl. k; jets 96-97
Phys. Lett. B 547,164(2002) Tt

ZEUS incl. k; jets 98-00
Phys. Lett. B 649, 12(2007) =

World average .
S. Bethke, Eur. Phys. J. C64, 689 (2009)

llllllllLllllllLllJ

0.11 0.12 0.13
0, (M,)

PDF fit including Jets + free a

March 2011

HERAPDF Structure Function Working Group

ZEUS-prel 11-001
H1-prelim 11-034

x.=0.1202+0.0013(exp)

+0.0007 (mod/ par)

+(0.0012( hadr)

+0.0045
_0.0036 Scale)

H1 and ZEUS (prel.)

—- HERAPDF1.5f
—HERAPDF1.6

decorrelates
a and gluon |

.........................

0.114 0.116 0118 042 0122 0124 0.126
ct.(Mz)

agrees well
with world average

uncertainty dominated by
NLO theory, need NNLO |
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Heavy Flavours
—r

27.6 GeV
Q2

A. Geiser, DIS and dipions at HERA, EDS 11 Qui Nhon
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Why are heavy flavours important?

et ——
charm contribution fo HERA data up to 30%! (beauty ~1-3%)
|kinematic effect of mass |
|competing scales for perturbative expansion |

e.g.m,Q? pr > terms log Q2/m?
log pt¢/m?  etc.

=> "massless” treatment (ZM-VFNS) allows resummation, but fails near

“mass threshold” -> avoid |

=> "massive” treatment gets kinematics right,
but does not allow resummation (fixed flavour number schemes, FFNS)
or induces ambiquities in QCD corrections near flavour threshold

(variable flavour number schemes, GM-VFNS)

check different schemes against HERA data

16.12. 11 A. Geiser, DIS and dipions at HERA, EDS 11 Qui Nhon 18



|

|charm , |

contribution to F

combined HERA (H1 and ZEUS) charm data:

=]
oo™

(I

D

-

A. Geiser, DIS and dipions at HERA, EDS 11 Qui Nhon

i Q’=2Gev? L Q*=4Gev? | Q’= 6.5GeV?
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y\ b
= — 3
0 2 2 2 2
0_5 - Q°=400GeV*[_ Q°=1000 GeV*|__ * HERA (pre!‘)
i _ ) [ —— MSTWO08 NNLO
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X
16.12. 11

sensitive to m,
and to differences in
Heavy Flavour schemes

here: massive
VFNS schemes

fit to these data
-> u/c flavour separation

-> reduced uncertainties on

W/Z cross sections at LHC
H1-prelim 10-045
ZEUS-prel 10-009

also updated/new results

(not yet included)
ZEUS-prel 10-005, 11-012
H1, DESY 11-066
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IPDF fit to “all* HERA data |

combined inclusive data, F,, jets, charm:

HERA I+]1I inclusive, jets, charm PDF Fit

1
L : Q' =10 GeV* z all data consistent
l —— HERAPDFL7 (prel) A (good fit)
e -> QCD works

ongoing work,

future public release
will further reduce
model uncertainties
(e.g. m,,

gluon/a correlations)

HERAPDF Structure Function Working Group
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FfP4+ 0.03 i

\beauty contribution to F, | @2
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10.
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DESY-11-005, arXiv:1101.3692

NLO and partial NNLO QCD
in agreement with data,

NNLO slightly better

check b PDF for LHG:
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- | - MSTW08 NLO A
[ x=0.0013i=4 1 §/% MSTWO3 NNLO-
- — CTEQ6.6 NLO ]
[ x=0.002 i=3 MJ
[ X=0.005 i=2 M ]
T
_—X=0.013 i=1 =
[ x=0.032 i=0 m E
11 II 1 111 b -

2 3
10 10 10

Q? (GeV?)
1z. 11 A. oelsel, VIS dlld

uipions at HERA, EDS 11 Qui Nhon



DESY-11-220
November 2011

e
V =-> 711t

Exclusive ; ;
dipion electroproduction

(other results on exclusive vector meson
production see talk L. Favart)
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‘nn mass distribution, fit of F_

e ——— e B

ZEUS
ZEUS 54000 ?
B T # p _» ZEUS82pb”
% s 1 3000 o E
10 e ZEUS 82 pb - Backgroun
P IF, (M, )I" 2000 L Pl
----- background . P B
— total fit 1000
4
10 I
0
-1000
10 3 20006 (;.8 1 12 14 16 18 2 22 24
M__ (GeV)
102 Santamaria parametrization:
BW (M.~ BBW (M~ \BW (M
‘ F,,—(J,l[;_-ﬁ): P( )+ 1+‘(3+q)+’) ( )
P . ° . ‘ f
04 06 08 1 12 14 16 18 2 22 24 with Breit-Wigner
M__ (GeV) M}

BWy (M) =

ME= M2, —iMy Ty (M)’
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nass distribution, fit of

“Tt?TJ m .

Parameter ZEUS PDG
M, (MeV) 771 £ 2*% 775.4940.34
I', (MeV) 155+ 5 + 2 149.14+0.8
3 —0.27 £ 0.02 £ 0.02

M, (MeV) 1350 4 2029 146525
I, (MeV) 460 + 30177 400460
N 0.10 £ 0.02100%

M, (MeV) 1780 + 2012 172020
[ (MeV) 310 4+ 30%2% 2504100
B 0.41 + 0.03 £ 0.07

n 1.30 + 0.061013

masses and widths consistent
with expectations (but p' mass
lower than PDG)

Interference important !

relative amplitudes measured,
found to be real

16.12. 11 A. Geiser, DIS and dipions at HERA,

ZEUS
4000 ._

z. e ZEUS 82 pb™

Py :

3000 ' B
' - background
§y == interference

2000 | e total fit

1000

Ot
P

o

interferent

2000
06 08 1 12 14 1.6 18 2 22 24

M,__ (GeV)

Santamaria parametrization:

BW (M) + BBW (M) +yBW (M)
1+ 3+19

with Breit-Wigner

F‘,‘T(AITTTT) -

M

BWy (M) = :
v(Mzr) MZ = M2 — iMy Ty (M)

EDS 11 Qui Nhon 24



nn mass distribution, F_fit vs Q3
ZEUS

e
Z 104
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z 10°

(a) (h)

104 TR
1030 - b Y S similar results,
- o il but some Q? dependence
e C&Qz <8 GE S 10 Es@ <10 @
| g | s
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z | e ZEUS 82 pb™
10° i I — IF, (M, )
--- background
102/ — total fit
— ’ Q*(GeV? 2-5 5-10 10-80
1 <: 10<Q <80 G>e 3 ) —0.249 £+ 0.00870 00 | —0.282 £ 0.008* 0000 | —0.35 £0.02 £ 0.01
05 1 15 2 25 v 0.100 4 0.009 £ 0.003 | 0.098 £ 0.012799% | 0.118 £ 0.02272:90%

M__ (GeV)
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\ comparison fo e‘e- \

ZEUS
10 '
= ee o>
10
1
YPpo T p
10" ZEUSS2pb’
% 2<Q*< 5 GeV?
T 5 <Q*<10GeV?
» 10 < Q* < 80 GeV’
10

04 06 08 1 12 14 16 18 2 22 24
M__ (GeV)
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IF|

[
s0 - Yp—omTp ee > |
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ZEUS 82 ph ’ s OLYA
HE2<Q'< 5 GeV' 8B e CMD2
40 | 5<Q*<10GeV: ¥4 O SND

10 < Q% < 80 GeV?>

30 |

20 |

10

form factor in ep DIS
very similar to e+e-
despite different
production mechanism

(g97* vs v*)
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|Q? dependence of ratios p'/p, p"/p | /4

e —— e

Ry (%)
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pf ° PP } o
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16. 12

p'/p ratio rises with

increasing Q?

- qualitatively expected
due to node in

p' wave function
(suppression at low Q?)

p"/p ratio inconclusive
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Summary and conclusions

@ DIS measurements at HERA successfully test QCD and provide unique

input to determination of parton densities
HERAPDF 1.5 NLO/NNLO available on LHAPDF

@ HERA jet and heavy flavour measurements successfully test and

constrain QCD parameters, improve PDFs
-> potential to yield competitive measurements of o,

(need NNLO calculations ! partially in progress).
-> further improve cross section predictions for LHC

) combination of H1/ZEUS results ongoing
-> towards full 1 fb-! results (H1+ZEUS, HERA1+2).
-> expect significant further improvements over next few years

exclusive dipion electroproduction allows measurement of p, p' and p”

production and their interference
-> relative production amplitudes are real and similar to e+e-

-> p'/p ratio rising with Q? as expected
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Backup
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Dijets in DIS

DESY-10-170, Eur. Phys. J. C70 (2010) 965
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'Heavy flavour contributions fo F, |

e ————— e e
Measure cross section
detect —»

A& 42 21102
2 2 o e TN 02

et
<

anything
I flavour
+ tagging
s
Q' x b C
— O =
b ¢

16.12. 11 A. Geiser, DIS and dipions at HERA, EDS 11 Qui Nhon 31



ZEUS

@ | %1500 — [
S 10° £1000
= 2 =
10 500
10 I ' l
20 40 60 80 50 100 150
Q* (GeV?) W (GeV)
£2000 - 12 600 - :
2 2 -
= = 400 e e
1000
200
0 0
0 02 04 06 -1 05 0 05 1
Itl (GeV?) cos 0,
2750 - ¢ 2 600 1
S > :'—\_.—LF.'LL\_'_,—Q-'_
= 500 w 2 400 e .
250 ¢ 200 e ZEUS 82 pb™
0 1.1< Mrm < 1.6 GeV 0 —— ZEUSVM

0 2 4 6

@, (rad)

0 2 4 6

¢]| (rad)

Events

Events

0 02 04 06 -1 05 0 05 1
Itl (GeV?) cos 6,

a8 g 1
§ 300 . § 200 - ) _
2 200 * . I RE S

100| ® ee'e 198 e ZEUS 82 pb”

0 1.6 < Mm: <2.1 GBV[ 0 —— ZEUSVM \

0 2 4 6 0 2 4 6

®, (rad) 0y, (rad)

Figure 2: Comparison between the data and the Zeusvm MC distributions for
Q2. W, |t|, cos 8. ®), and ¢, for events within mass range 1.1 < M, < 1.6 GeV.
The MC distributions are normalized to the data.
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Figure 3: Comparison between the data and the ZEusvMm MC distributions for
Q% W, |t|, cosby. @ and ¢y, for events within mass range 1.6 < M., < 2.1 GeV.
The MC distributions are normalized to the data.
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