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Outline

(new results 2011)

* HERA and two colliding experiments: ZEUS and H1;
- Jets and a_;

* Heavy flavours;
* Precision measurements of the proton structure;
* Conclusion;

° (selection of topics, not complete)
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HERA

German’s largest research instrument, the only one in the
world electron-proton collider(DESY, Hamburg);

Although research operation was concluded on June 2007
— continue the evaluation of the recorded data (steady

data analysis period until 2014): we consider our activity in
the context of the question: what HERA still has to offer?

We will correct our physics analysis programme
accounting for the current constraints from the LHC (need
to be mindful of the potential from 2012 data taking at the
LHC — understand the changing landscape after first data
run at the LHC and define the ZEUS discovery, and
science reach using ep data) ;

>2014: Given the uniqueness of the HERA data, analyses
by present members of ZEUS, are expected to continue.
Long term data preservation perlod and continue ZEUS
physics analysis.
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HERA between past and future of
the e-p physics

Recorded a large amount of
data; only fraction of statistics
has been analyzed so far in
many cases.

. Man)hof the insights gained

with HERA belong to our
fundamental knowledge of how
the world is put together. For
many years to come, the
evaluation of the HERA data
will continue to provide unique
insights into the inner structure
of the proton and the
fundamental forces of nature.”

Past | Eraof | Future

(1950"- | HERA | ( >2020 )
mid-1990t ) ( mid-1990"-

..)

Elastic —» | Photoprod | EIC@JLAB
Deep & DIS eRHIC@BNL
Inelastic studies LHeC@CERN
Scattering
(DIS)

No higher energy e-p collider than HERA! = other than “LHeC”
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The HERA Collider

@ World's only ep collider, located at DESY in Hamburg
@ |n operation from 1992-2007

e AL P

i i Center of mass energy:
275GeV 920 GeV Vs = 318 GeV
. . . HERA delivered
* Lepton beam longitudinally polarized s F

HERZ I -*

in HERA-II running period (since
2002, P = 30-40%)

* Two colliding experiments: H1 and

HEF =11~

HET = | _
HEFLIl - _
H

[ ; ] ] ] ] ]
i 200 400 GO0 BOD 1000 1200 1400
days of running

Integrated Luminosity (pb
g
=
1

ZEUS 00 |
s 0.5 fb1 of data collected by each 00 f
experiment oo |-
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>

130 pb-1( sics)

W

3 AHERA II: ~ 380 pb’(physics)

-

" combined: ~ 2 x 0.5 fb1
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Deep inelastic scattering at HERA

-
= — -

(f) Electron L.
i Jf @___ * Proton (P)

kinematic variables: Electron ((7) q=(-r

2= -q2 hoton (or Z) virtuality, squared momentum transfer
Q fil2 p (or Z) 1y, sq Q< 16GeVve
x = K{ B jorken scaling variable, photoproduction
2Pq  for Q% > (2my)*: momentum fraction of p constituent > =
Y = qP inelasticity, o6l
/P v momentum fraction (of e) DIS
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Jet Production at HERA with ZEUS

k.l'

g exchanged
hoson

jet

Inclusive Jets in Photoproduction (PHP)
and Deep-Inelastic Scattering (DIS).
Extraction of the Strong Coupling a.

proton
As you will see: remnant

— pQCD calculations describe the data over a wide range of phase space!

— theoretical uncertainties are often larger than experimental uncertainties.

— « extractions are competitive!
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Inclusive Jet Production in PHP

phmtﬂpmductic}n (’““D) — Q2 ~ 0 Gex‘;ﬁ

at least one jet with in the range

—1 < " < 2.5 with E5" > 17 GeV

= Good description of data by NLO
calculations

0,17 T
o o ZEUS (prel.) 300 ph'
0.16 corr. uncert.
th. uncert.
— QCD
0.15
0.14
0.13
0.12 - i
20 30 40 50 60 70
jet
E; (GeV)

as (Mz) = 01206 195923 (exp.) T4 052 (theo.)

running of a. consistent with
QCD expectations

« ZEUS (prel.) 300 pb”'
—— NLOZEUS-5/GRV-HO)

et
=
]

do/dE"; (ph/GeV)

i

i
=

A=nitz25
10 Q° < 1GeV*
0.2 <y < (LES

" 0.5 — [ theoretical uncertainty

1 20 30 40 50 60 70 O 90

EJT (GeV)

Measurement suited for s (Mz)
extraction with small uncertainties
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daidn™ (ph)

s

rel. diff, to NLO

— after increasing the Ex

Inclusive Jet Production in PHP

o

LLL LR

|« ZEUS (prel.) 300 pb’! (b)
il ES > 171GV
| F<iGev M N
02<y<oss T N

NILO: py PIDFS
— ZEUS-S/GRY-HO
— ZEUS-5AFGM
— ZEUS-SCIK

o MSTWONGRY-HO_

0.5 '- 00 jet emergy seale uncertainty ]
0.5 . [ thewreticnl uncerininty

T e T ‘"Ji"‘

rel. diff. to NLO

LT

=05 ¥ s
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]l].[l L L A L AL LA L B B B I El-.
I o ZEUS (prel.) 300 ph 1 =
EY >17GeV LR
800 | oo /A -
02cy=08s /g | 8
600
/ jet r :
- EX" > 17 GeV'\]
— NLO |
4 —— NLO @ NP (py o, =1 GV} '
e — NLO@NPip,=15GeY) |
—— NLOBNPpy, =26V 1
0 e -+ ' 3
TERS 1 =
—__ 1 8
u - *
B
s - U0 jet emergy scale uncertainty 4 =
'l. 1 1 'i E

_ZEUS

L e N

4{".. :T ..r.._.l..l._............
| * ZEUS (prel.) 300 b
= NLOZEUS-SGRY-HO)

[ theoretical uncertainty 3

-1 IL. | P PEPERTErE R
0.5 1 L5 2

cut the theory agrees with the data

non-perturbative effects or the v+ PDFs at high /" could cause observed
discrepancy between data and the theory
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Dijet Production in PHP

CMS Scattering Angle:
e (* — costl* = tanh 252
QCD Dynamics:

e study underlying dynamics
by measuring differentially
in M7 and 6*
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" ZEUS 1D ZEUS
= 3 - i £t Ny
:F_-. * FEUS iprel.) 189 piy” = ¢ ZEUS (prel} 159 pb
= NLO & hadr: p'f PDFs E ML @ hadr: piy PDFs
] {Klisen et al.) 2 g {Klasen et bl
= 2 FEUS-S/GRY-HO - = FEUS-SGRV-HO
B 200 =
= Jet energy scale B
unertinty =
10!
Ky >17GeY
1iM) -1« fl"ﬂ < 15
. @ 1GeVt
“— : 0 < 1 Gev? 0.2« y = 0,83
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o 2 il \ 5 . ,
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E 1 Ly 4 I L e E | 1 S —— —t + ——t
= 05 & 03 1
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el - " = [ 8 i_"::‘“_
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— good description of data by NLO
predictions at O (a?)

— concept of resolved photons holds
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Inclusive Jets at High Q?

_ ZEUS
i E 1 « ZEUS (prel.) 300 pb’
e at least one jet with E‘}‘-?;EB >8GeVand 3 ~— NLO ®hadr @ 2"
—2<nyp < 15b ’; 10"
Experimental Uncertainties: E »
I {]
e uncorrelated: +3(7) % at low (high) Q2
e correlated: ~ 5(2)% at low (high) Q7 107 EE g Gey
Theory Uncertainties: L E<mas
e dominated by choice of ;g (= £5%) 10 lcos ¥, < 0.65
and PDF (typically < 3%) S os
é 0.2 jet energy scale uncertainty
=
* NLO pQCD describes the data very | = ¢  ——
well in the whole measured range J = 02 [ theoretical uncertainty
T 0.4
.l.llz - ”-].I:IS - - “.l.I]4
Q’ (GeV?)

— Due to small uncertainties «, can be extracted with high precision
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Jets and o, -

Quantum Chromodynamics _ ?

(QCD) ;% =
-
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Extraction of ag (M)

Inclusive Jets in . .. NC DIS PHP

phase space: QR? > 500 GeV yields 21 < E%igt < 71 GeV
smaller avs uncertainty

theoretical uncertainty

dominated by terms beyond NLO: +£1.5% +2.5%
experimental uncertainty
ruled by jet energy scale: +1.9% +1.8%
NC DIS: PHP:
as (Mz) = 0.12087% W0 (exp.) £ 0.0022(th.) as (Mz) = 0.1206 7% T2 (exp. ) T Shas (th.)
— total uncertainty: +3.5% — total uncertainty: +4.0%
) ZEUS
= 022 ZEUS (prel) LIIN

o N IS 300 ph™"

1 corr. uncert. th. uneeri.
o photopraduction 300 nh"
1 corrouncert. [ th, uncert.

e world average (2009):
as (Mz) = 0.1184 £+ 0.0007

1. 240)

.18

16
e predicted running of «, 14
agrees very well with the data o2

10 20 L] 40 0 ol Tl
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Summary of ZEUS and H1 a, measurements

H1 high Q? inclusive jet
H1-prefim—11-032

H1 high Q2 norm. inclusive jet

Eur. Phys. J. C65, 363 (20100

H1 low Q? inclusive jet
Eur. Phys. J. C67, 1 (2010)
H1 high Q? inclusive jet
Phys. Lett. B653, 134 (2007)

H1 high @ dijet
H1-prelim-11-032

H1 high @7 norm. dijet
Eur. Phys. J. C65, 363 (2010)

H1 low Q2 dijet
Eur. Phys. J. C67, 1 (2010)

H1 high Q“ trijet
H1-prelim-11-032

H1 high Q2 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.

IIIJ|IJIIIIIII|JIII

0.11 0.12 0.13

og(M,)

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

Inclusive-jet cross sections m ¥p
LEUS-prel-11-005

pclusive jet cross sections m NC 1
ZEUS (Phys Lett B 691 (2010) 117)
Inclusive jet cross sections im NC DIS
ZEUS (Phys Lett B 691 (2010) 127)
Inclusive-jet cross sections m yp
LEUS-prel-10-015
Inclusive-jet cross sections m ¥p
LEUS-prel-10-015
Inclusive-jet cross sections m NC DIS
ZEUS (Phys Lett B 649 (2007) 12)
Inclusive-jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)
Inclusive-jet cross sections in wp
LEUS-prel-08-008
Inclusive-jet cross sections in vp
ZEUS (Phys Lett B 560 (2003) T)
HEFA combined 2007
(Hlprelim-07-13}/ZEUS-prel-07-015)
HERA average 2004
(C. Glasman, bhep-ex0506035)
World average 2009
(5. Bethle, hep-ex/0908.1135)

.14
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a, from the HERAscale to the Terascale

ﬁm F I : 1 IH1I IWQL DIS,sc:alled I A
0.22 ¥ H1 high O° DIS, scaled -
W ZEUS (prel.) NC DIS 300 pb™', acﬂled
® ZEUS (prel.) photoprod. 189 pb™', scaled-|
F ZEUS correl. exp. uncertainty .
0.2 "1 H1 correl. th. uncartainty (fit) -~
- I ZEUS DIS correl. th. uncertainty -
B ZEUS PHP correl. th. uncertainty
0.18 =— world average Bethke 2009 —
0.16 -
0.14 |- "
) 0.12 -
0.1 -
J— eyl e |
DIGB 2 3
10 10 10
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Charm Quark Production in DIS at ZEUS

Boson-gluon fusion is a dominant process for ot
the charm creation in DIS, charm contribution /

<
to the inclusive DIS cross section is up to 27.6Gev
30% (sizable part of cross section) y

Multiple hard scale give us a possibility to
testpQCD p, Q% m_

Charm production is sensitive to the gluon

density of the proton g(x)
Measurements of the charm structure 920 Gev
function are the subject of interest because: b

> Better understanding of the charm is one of the key issues for higher
energies experiments ( e. g. pp collisions)
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D+ production at a low p,threshold

D' = K"sn*" n

ZEUS ® Measurements are in
cﬁ; 105—'{ """" ' E agreement with previous
o | ] high p_ D" measurements
C =t * ZEUS D' 120 pb™
0 A ZEUS D* 65 pb™
T f HvVQDIS : ® Measurements are in
E“ . agreement with NLO QCD
ol predictions in a range of 2
= sigma
— -”]—1— —
S - ® |t is the first measurement at
$ : HERA in a low p _kinematic
........ L region
1070123456789 100 J

p2(D") (GeV?)
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D' - K n* T measurement

= |ZE|US| | |

' - - - - : T TT 17T TTTT T LI :

Life time mforma_tlon we_re 2 000 N(D')= 7206 - 168
used to extract signal with o Decay-ength signiicance § > 4-

a help of MVD detector
HERAII. S|=L:w chy

® Significant improvement in
signal to background ratio

® Smaller stat. Errors due to

the HERAII statics 1% L ZEUS D (prel.) 323 pb” _

500 A
- ——— Gaussian + background ;

oo lvvve b b by by b o by 107
1.7 1.5 18 185 19 1985 2 205 21
M(Knr) (GeV)

l' o, K_
SO0 pim

o verex
e~ SilE 5<Q’<1000 Ge\
0.02<y<0.07
- [n(D+)|<1.6, 1.5<p T(D+)-:15 Gev'
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Diff. cross sections

ZEUS [ ZEUS
= R e e I B e T L R m e o e o T
] «  ZEUS D' (prel) 323 pb" | E 22F E
= , 4 1 = E E
g i ZEUSD*1336pb T 2 :
+: —— HVODIS = -‘uo - =
. g
E E ]
B = -
=l Improved
o8- «  ZEUS D’ (prel) 323 pb" E -
- : o+ musommew' 3 statistical
i 1 020 — HvaDis E e
wilppee e | T precision w.r.t.

p.(D") (GeV) nD*

7 T JETS _ published results
E 15:[ - zEUS D (pret) 323 pb" ] NLO QCD

—— HVQDIS .

e predictions
i describe the

do/dQ? (nbiGeV?)
s
L A D
e
|
do/dy (nb)
=

105—
[ P E
10°F ' - 8 d
. ZEUS D" (prel.) 323 pb' ] ﬁ;— measu re Cross
0 e - 3 sections
P T E—e R T R % SN TR L

Q? (GeV?)
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1

F.°c© measurement from D+ — K- 1+ 17-

ZEUS
s E T ¢ i TR
0.2
01
0
0.4
Measurements agree
0.2 with the combined
o P HERA results
Q° = 60 Gev? | 0Q° = 200 GeV?
0.4
0.2 }\‘\
1] ' H i L I RN T AR TTT M
Q’ = 400 GeV” ) Q7 = 1000 GeV* 0wt P 1wlg
0.2 . ]
@ HERA comb (prel.)
0.1 E\ m ZEUS lT{'prel.]
323 pb’
y B il —— HERAPDFL0

w' 1w? 1 w? 1wt w? oy
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waliJIUaLleaI V. 22 WIeyY

ZEUS

4’00":" T A T
% i + :E:: '{t:‘rel.) 357 pb” é D * ﬂ t
- EHEm - D°i_measuremen
3 : £
20002— 4 =
N ZEUS
E ] ] — 10°¢ : = 2500 v 10% e :
- e ERE - a | Sk
= & E 0] — 5 .
- f : s [V, &_ 2000 Jf ; ++ Q oL = ]
e e e e ey 2 10 *e I H} | H | 0=,
MiKnn.)-M(Kn) (GeV) E - - % 15{)“__ - -;"_I - - g r:l-.- : .,
® HERAII 357 pb" ¥ __ 3t o 2 :
= r B ]
o p>1.5GeV, [n<1.5 |3 . 1000 A
® 5<Q?<1000 GeV* ;____*__j 500~ . § ; ]
[ 1 N ] Al ...__..?_.._
002<y<07 ) I | s ey N T R 10 Fol e } L
® D* from B meson origin 2 34567 *me Vzo A5 -1 05 0 05 1 15 10 nfz ;n*
. . e .
are included in the cross Py (GeV) nP Q° (GeV')
SECtionS ﬁzsuuu"'I""I""I""I""I""I"" —— 1'uT;I AL | R | T
=] r =] F ]
o : = e 1 ep—=e'D*X
1600 ZEUS E:h mmn__i _ ﬁ 10°: E
E :' RN PR RS DS D FRC S T ST T '_)'!I B ;.n' | GRS ': b E-I___: b 5 . “
éuﬂﬂ:— . g;u:{::.]?:?pb" - © 15000 '+ - © [ EEUS{me.] 357 pb
E - «  Wrong-sign background f _* s
j1200F Signal region = # P ; ] 107k E
£ 1000 W o to000f . 5 ~ HVQDIS + RAPGAP bx1.52
o0 £ = : B 104k
- ' : 3 5000 i, 1 : ~——— RAPGAP bx1.52
600 — o N ] [ e r ]
r + ‘" 7] . L
4““:5“.:::: Ot :""‘:‘: “ oy . ‘:.iﬁ - ._— [mtrrrr it i | L L 1 |:-|||
w | HEe e Sl 01 0.2 0.3 0.4 0.5 0.6 0.7 104 10% 0% 10"
S o o y X
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D* double differential cross sections

ZEUS

N L ' ' T L a0 E ' S T 3 *::Bm ' o ' R
g | ?] Q%=5-9 GeV’ 1 3 | jﬂ Q?=9-14 GeV? 18 so0 Q?=14-23 GeV? =
31800 1 & seo | 1 3 E
[+ - =% u ] o 400 3
el :‘E f o eon _'ki t 1 < g
o 1000 [ = . o g 200 =
E - i $¢' % 400 [ & E % 200 & " 3
o 500 |- 1 8 g 3 2 3
> | I——— et G © ™ eid QN & WAY

e o ﬁ.li I!.IE I]-.Ii'i B.I-l l.'l.lﬁ l.'l.li 0.7 0 1] H-.Ii l.'l.li l.'I.IE I}.IA l.IS D.IB 0.7 o o B.I1 ﬂ_IZ I}.IB l.lni II-.IE lllﬂ l.'lj?

y y v 1o extract
a—"‘“ L B B N L R B L B L BB L o “:""l""l""l""l""I""l' ': - a LA LN B R B N LN L BB NN B LR L cc [ ]
E L Q?=2345 GeV? E % wl Q=45-100 GeV? E § "L Q’=100-158 GeV? Fz with
120 | :*1 R . 3

Supti T | D*s
g 33 # ] o TR 8 S B A
- = -1 1 =1 . S
S et SR B 10 ‘g e 1 % i

¢ l} I li:l_ I}E - l]-:! ll.l-l- l.'I.IE l.'l:i 0.7 0 l.'l -.-E-'l I l.'l.2 I 03 l}.;i l.lﬁ ILIB l]l:? o l}l - lll.l1l I l.'l.-IE I Il.:}.lﬂl I lI4 I IJ',IE - IELIEI I l.'l-|?

Y ¥ b
35 0.3

rryrrrryrrrrrrrrrrrrrrprrrr E""Illlllll||I||||I|||||||||I||||E ap_}elu“x
Q?=158.-251 GeV? 0zs [ Q?=251-1000 GeV? 3
+ 5 ] «  ZEUS (prel.) 357 pb™”

d's/dydQ® (pb/GeV?)
T T T T
| | | 1
d’cldydQ* (pb/GeV?)

L oas b { E ~.. HVQDIS + RAPGAP bx1.52
" "' E o %__...___.. S -----------—E —— RAPGAP b=1.52
F ié—“ E # ‘}‘ E
os | R n.os 3 o HiD*
'_ PEFEEFEN B BT R AR AR A u'||||I||||I||||I||||I|||||||||I||||_ " qz
0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 0.7 4 H1D* (high Q)
L") W

ZEUS measurements are 1in agreement with H1 results
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Beauty jet production in ZEUS

Beauty quark contribution fo the structure function F, at low Q*:

dt:r”{ea*p}_ 21’ . 2
2 - 4 |-l_|_{l_}’]| HF;_!- I[Q s oL ,
dx dQ xQ 1+(1—y)

At high Q?- check of the b PDF for LHC:
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Vertexing in ZEUS

During HERATII ZEUS was equipped
with the silicon-strip Micro Vertex
detector (MVD):

this enabled reconstruction of
secondary vertices from charm and
beauty decays.

Jet axis

Analysis strategy:

» Associate tracks with p. > 500 MeV to a jet
using AR = 1.

* Fit these tracks to a secondary vertex in 3D.
* Calculate 2D decay length projected on the
Jetaxis, L. .

* Use significance of the 2D projected decay Sty
length (5=L/o(L,,)) to differentiate between  1°'2'

flavour components.

- Secondary
= owvertex

/ 3D decay
length

Primary
vertex

1
"‘.‘_ I'ITI.'
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Secondary vertices in DIS: method

Beauty I1s dominant at high

. IThe beauT}r fraction is ex’rchad from a values of significance.
fit to the mirrored (to get rid of the ZEUS 12< My <6 GeV
symmetric part) mgmflcan_ce: in bins of the 8 [ mmemm F T
secondary vertex mass using femplates £ D
o | Charm
from MC+ w ! g — Baauty
W0
* Total light flavour normalization is b ‘H}I
constrained by the unmirrored o 2
distributions. E L
Ly / o(L)
1 = Myyy = 1.4 GeV 1.8 = My, = 2 GeV 2 = My, =6 GeV
@ b Rt ARl R R Ak A Ak @ R ST b R bl Rl A L A e R A
'E 10" ) E:L::_,“ :E' 10" -y 1 -E -
Ll . Ll [FY] |
- i —.—I
5 ™ 1w’ i
[ 3 | . 10° = ]
=N ll_‘_::t j:II‘IE—l_
10° = 'In’-‘l—l—l-l_‘l ‘D’-—‘ ]
S N I RERTRTRIE P N B RERTRTRTED AEE G A e 18 o
s*-s s*-s S*-§
Charm enriched beauty enriched
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Secondary vertices in DIS: cross sections

ZEUS

— . —_
| ®  ZEUS (preL) 384 pi 1 2
[4=] w = HWODE.ZELS-E O hadr & raad -
~ 1 E HYODE+ABKM © hodr S rad = i
2 E Rapgap & 1.5 ;| 3
= I Ly Bp s e'BEX — elet X B
ol s
b=l ar
- =
- L... 2
I s !
[ . 1
1 E
L i - P PR dech
W e s s T s
EY (GeV)
w ?_ e 0
§ i 4 S
T 1 1 T
L T | S "
oS OWOW TwH WM 5

E (GeV)

5<Q?%<1000 GeV?
002<y<07
E*>5 GeV

20<n*<22

L = 354 pb!
(2004-2007)
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* The cross section shapes in data are well

described by both ZEUS-S and ABKMO9 NLO
QCD predictions.

* The data are typically 20-30% above the
central NLO predictions, but agree within the
uncertainfies.
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Beauty from jet+u: vs. Q2

Kinematic region:
Q? > 2 GeV?
0.0b<y<0.7
EJ">5 GeV

ot
=

do/dQ’ (pb/GeV?)
[

20<nr < 2.5 ot
P> 1.5 GeV |
-16<nr<25 10?
L =114 pb™

(1996-2000)

ZEUS
§¥= ® ZFEUS 114 pb’
AL e MC RAPGAP x 2.1
4 . NLO (HVQDIS)
........ Y
|
10 102 0’
oz(aev%

Low-Q region is accessible in HERAT only.

The NLO QCD predictions by HVQDIS (FFNS) tend to lie below

data at low Q2.
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Beauty from jet+u: vs. p;andn

® ZEUS 114 pt’
1en0 MC AAPGAP x 2.1
= NLO (HVQDIS)

(pb/GeV)
i

Both LO+parton shower
Monte Carlo and NLO
QCD predictions
describe the data in
shape

u
T

do/dp

-5 -1 05 0 05 1 15 2 25

Also double-differential

o
cross sections in Q? and S
=
x were measured and F.° i3
2 -
was extracted (see | o I
later). | s + —+—' ..... $ ........
[ 10Fs = sarans
; | ST
5 10 15 2 25 30 -5 -1-05 0 05 1 15 2 25
pY (GeV) o
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Beauty from dijets+e

Kinematic region:
Q%> 10 GeV?
0.05<y<0.7
09<p°<8GeV

-1.5<n*<1.5

L =363 pb!
(1996-2000)

* NLO QCD predictions
describe the data.

* Also double-differential
cross sections have been
measured and F2b has
been extracted (see
later)
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HERA

!

F.r

* All measurements are in good
agreement with each other. The
NLO and NNLO QCD predictions
based on various PDFs describe
the data well.

*Jet+p analysis provides
measurement at the lowest Q?
values.

* Secondary vertex analysis is

the most precise measurement in
ZEUS.

check b inproton” for LHG: Z, Hings

n— T
g‘ 0.22 Z_L-:éﬁ-” i ZEUS (prel.) vtx 354 pb- N1
© Txnoo0t3ie7 C Ues@riNawy!

+ 0.20 - s ZEUS 114 pb -

L-%LN i —J o ZEUS p+vix 126 pb™' ]

0.18 o, UDDZ - "  H1vtx 246 pb” -
0.16 :_ ZEUS—S+HVQDIS_:
B ABKM NNLO
014 B x—l'.l UDDSI 5 -- MSTWO8 NLO |
) MSTWO8 NNLO |
0.12 —— CTEQBB NLO _|
- x=0.0013 i=4 — JRos :
0.10| -
U.UB - x=0.002i=3 _:
0.06 |- -
- x=0.005i=2 1
0.04 |- F ‘ .
0.02 :_H—U 013 i=1 __,_,_t
| x=0.032i=0 M ]
0.00 -~
| L1 1l || L1111 || | L 111 || | |_

10 10? 10°
Q% (GeV?)
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Secondary vertices in PHP
ZEUS

Kinematic region:

2 2 gmﬂ )
Q°<1GeV g dmfdp [Ep—}eb}(]
0.2<y<0.38
0 10 > 7(6) GeV E“’E T Q% <1GeV?, 0.2<y < 0.8, fr| < 2
T | 2 - — NLO GCD
25<nt<25 & o —  p=(mi+pi)d
'g 10 o ZEUS964Tb—e oy e WzmRep?
/. =133 pb'1 s ZEUS96-00 b— D* 1
¢ ZEUS9G-00b—u
(2005) 1 & ZEUS98-00 b— e
= ZEUSO0O5b -1 jot
* Both charm and beauty ¥ ZEUS114 bbb —s py
fractions were extracted Ll S -
simul.l.aneously' Eb 3;_I 11 | | I | | | | 1T 11 T 11 | I . I_t
* Single differential cross e F E
: b E oF ] -
sections as well as p_° and b | ¥ % 4 ;
1 . T [TT A v ‘*rn]. v 11'%' :
¢ spectra were : i . E
pT p F 4 11 | | | | Il 1 1 I L4 i | | I. | | L1 %I :F
measured. 0 5 10 15 2 25 0
« The secondary vertex technique is the most precise F.° (GeV)
Y q 2

measurement from ZEUS

*Combination with other measurements, would further improve
precision.
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Production of the excited charm mesons DY and D3° at HERA

D4(2420)° and D3(2460)° fit results and comparison

Parameter | HERAL HERAT (prelim) BAGAR. 2010 POG.20T0 [ PDG.2011
M(D3) MeV | 2420.5+2. 1(stat) +0.9(syst) | 2422.2+1.7(stat) = | G (syst) | 2420.1+0.1(stat) £0.8(syst) [ 2422.0+0.6 | 2421.3+0.5
(D7) MsV |53.2+7 3(stat) "5 3 (syst)  |43.426.3(stat) "5 , (svst) | 31.4x0.5(stat)=1.3(syst)  [20421.7 | 27.1£27
h(D3) 5.9ﬂ-u?.:arar}j4ggsysﬂ 3.5t11-t'n(sraf}:-’ﬁ-uagsysr} 5.72+0.25 - 5.72+0.25
M(03Y) Mev | 2469.1£3.7(stat) T 5 (syst) | 246503, 3(star) T 4 (syst) | 2462.2£0.1(stat) 0. 8(syst) | 2462.851.0 | 2462 607
r(o;")mev | 43(fixeq) 43(fixed) 50.5+0.6(stat)+0.7(syst) [42.9+3.1 [49.0+1.4
n(D3") —1(fixed) —1(fixed) —1 - -
—.— HERA Il (prel} R HERA Il {prel] | e HERA Il {prel)
—eH HERA | ' — HERA LT HERA |
11 11 - da- | BABAR,2010
- BABAR.2010 . BABAR.2010 A e cOF 2005
4'.J: CDF 2008 H COF, 2006 _,J_._: : DELHI, 1558
. DELHI 1938 i P98 A ——+———— BEBC1935
E ?—0— BELLE, 2005 1 E E BELLE 2005 _._i_i BABAR,2009
—r—:— BELLE,2004 11 —ll—:— BELLE, 2004 A
—ed CLEC.1384 o BELLE.2004 1 I—— FOCUS, 2004
—a— ERET.1884 ™ CLEQ.1934 - CLEC1%84
N CLEO. 1990 P —etr EEET.1984 { | —+— Do E687.1994
. — ¥ ARGUS, 1989 "_"_I \ CLED, 1990 - CLED, 1330 4
U : 0 —_— ARGUS, 1989
: : . TP5_ 1389 —l'—:—:— ARGUS, 1985 - 1 : TPS,1989 |
- PDG 2010 i PDG,2010 b POG 200
2010 2415 2420 24z5 2430 2435 2Mb 2445 020 @0 80 80 100 2450 2455 2460 2des 2470 24T5 am0
MID, (2420)"), MeV (D, (2420)%), MeV M(D,(24680)"), MeV

Points: blue — included into PDG2010 averaging, areen and red (ZEUS) — not included
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Isolated hard photons measured in DIS

High-p; photons produced in Deep Inelastic Scattering
(DIS) using incident e*/e” are of several main types:

e Produced in a hard partonic interaction (“QQ7")
(“prompt photons™)
e Radiated from the incoming or outgoing lepton (“LL")

e Radiated from a quark within a jet
e A decay product of a hadron within a jet

The first two types are photons that are relatively
isolated from other outgoing particles, and are the subject
of this study.

e The prompt photons emerge directly from the hard
scattering process and give a particular view of this.

Some particular e This allows tests of specific QCD models.
motivations for these

_ e Prompt photons form a potential background to some
measurements:

interesting “new physics” process (e.g. Higgs — vy)
and this needs to be well understood.

Sep 24- Oct 1,2011 QFTHEP'11 V.Aushev, Heavy Flavours and QCD studies at HERA 34



Prompt photon with jets cross. sec. vs. Q2and x

— O T ] 5“‘ y T T 3
I S :
& [ ]

=10 SEEEEEE 4 g T
e 1 =B W0 E
o f enaies : ]
5 i 3 . ]
E! = I ke
02| ) 10% i .
E o ZEUS (prel) 332pht 7T : = * ZEUS (prel.) 332 pb! =
- v LL MC ; . E = LL MC g 7
i - -QQix1.6) MC | t ] _ - -QQ(x1.6) MC R

i —LL + QQ(x1.6) MC it —LL + QQix1.6) MC
wEe s =
10‘3 1 1 L '] 1 1 1 1 I L 1 : L 1 L 1 11 I 1 1 ] ] 1 L1 1 I :
20 30 40 50 10 2x10° ” 10° 102
Q° (GeV?)

Q? = squared momentum transferred from initial to outgoing lepton
X = Bjorken variable
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Prompt photon with jets cross. sec. vs. E;and n
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Proton structure probe

Neutral current Deep Inelastic Scatter-
ing (DIS) cross section:

e(k)

d*oc* 2me’Y,
—_ {-"_| -
dxd? Ox
270’ Y 2y 5 -
= T Fax. O - S Fr(x. O F L xF
O*x ) Ty ) I

where factors ¥, = 1 + (1 — y)* and

i~ define polarisation of the exchanged
boson and iy = 07/ (Sx).
Kinematics is determined by boson virtuality ¢ and Biorken x.

) . HI and ZEUS
At leading order: E Q=10 Gev?
F> ) 93 (g(x) + g(x))
Fy = %Y 2e,,(q(x) - T)

ote o~ x(u+e)+x(l- yjz(fi+ 5)
oo~ xute)+x(l-y)ld+s)

x¢g(x) — from F; scaling violation, jets and Fr
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HERAPDF1.0 and HERAPDF1.5 fits

* The combined NC and CC HERA data have been used as the sole
input for the extraction of the HERAPDF1.5.

Hl and ZETS Hl and ZEUS HEEA I-1I1 10 parameter PDF Fit
. 1 b= 1 =
- Q=10 GeV* . QF =10 GeV* 5
£
L}
s —— HERAPDFLD wg b —— HERAFDFLS (prel} -
- #IP. WOOECL. - EIp. nmcert.
|:| madel nmcert. |:| model uncere x s
08 - paramerZRGon WOcert. T, . - PArAmerizaion necert. " ._E
Wy 1z ¢ 0.08) 1?
[ §
Ll 0 3
- £
| Z g
- x5 (= 0.0F) :
g
[ [ +3 #
[
! 2
1 )

) n =T
1 1w

e Fits parameterise xU. xD. xu,. xd, and g using
xf(x) = Ax5(1 = 0)(1 + Dx + Ex?) form.
e Experimental. and parameterisation uncertainties are estimated.

e HERAPDF1.5 fit provides determination of the valence quark densities
at high x with reduced uncertainties compared to HERAPDF1.0.
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HERAPDF1.5 Fit

H1 and ZEUS
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HERA PDF Compared to pp Jets

For ATLAS, HERAPDF
provides the best
description of the data.

Combination of the H1 and
ZEUS data brings ultimate
precision for PDFs.

PDF analysis 1s performed at
NLO and NNLO.

O

Ratio wrt CTEQ 6.

15

—

¥l =03

ATLAS Prehmmary

._—¢_ =
I

08<|yl<12

I III|I|IIII'|--.I¢III|I L1

10
p, [GeV]

] J L dt=37 pb”
V=7 TeV

anti-k, jets, R=0«

statistical errar

rrrrrrrrrrrr

HERA continues to provide data essential for physics at the LHC.
The data 1s the main ingredient for all modern PDF fits. HERAPDF
fits provide alternative PDF sets with well understood experimental

and theory uncertainties.
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Weak interactions are "left-handed"

lefthanded electrons interact (CC)

@ v
tt ri"ll
) ‘
w'

e

righthanded electrons do not!
e—

cross section linearly proportional
o polarization

ol = (L Pk

pof € Hpof cC

Polarized CC Cross Sections

HEHA Charged Current e p Scattering

E 12“ T L T L I T T T T | T T ] T I T T T T
— - e'p = VX i
8 | e H1 HERA | :
© 100 o H1 HERA Il (prel.) —|
& ZEUS 06-07 ]
§ 4 ZEUS HERA| ]
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i * H1 HERA | 3
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= o 4 ZEUS 98-06 %
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‘__ el 1
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left polarization e

LEUS Tinal !
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Electroweak Unification
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at scale Q° ~ Mlﬁ,
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LEUS final soon!
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Conclusions

Combination of the H1 and ZEUS data brings ultimate precision for
PDFs. HERA continues to provide data essential for physics at the LHC.

HERA still one of the best QCD laboratories; in general, agreement with
NLO QCD, success of the Standard Model !

HERA jet measurements successfully test and constrain QCD
parameters -> potential to yield world best measurements of a_;

Heavy Flavour measurements at HERA successfully described by QCD,
contribute to improve cross section predictions for LHC;

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

for QCD only fraction of statistics has been analyzed so far in many
cases; physics analysis is in full swing and will continue for a long time.
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