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New results since ICHEPOS

Inclusive, SFs and Exotics:

FL measurement

High-Q2 e+p/e-p NC/CC cross sections
ZEUS09 NLO QCD fits
Inclusive Cross sections - [#4 ) comb.

HERAPDF0.2 NLO QCD fits —\ji-i( @ comb. Angular correlations in 3-jet

Contact Interactions

Single-top prodiction

Isolated leptons — 1 3 comb.
Multi-leptons — £ ) comb.

Diffraction:

NLO QCD analysis of diffr. DIS data
Di-jet PhP with Leading Barions

DVCS

High-t J/Psi Photoproduction
Exclusive Upsilon Photoproduction

07/07/2009

QCD/HFS:
Jet cross sections in NC DIS
o measurement in NC DIS and PhP

Multi-jet cross sections in CC DIS
Jet substructure

Prompt-photon production in DIS
Scaled momentum distributions in PhP
Energy dependence of charged
multiplicity in DIS

KOsKOs

HFL.:

Charm fragmentation f. with D* PhP
D+-, DO DIS with life time meas.
Beauty PhP with muons

Beauty PhP with inclusive di-jets
Charm and Beauty DIS with muons
J/Psi helicity distributions PhP

http://www-zeus.desy.de/physics/phch/conf/eps09/
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HERA Reminder

It ended 2 years ago...

p (820/920 GeV) e (27.5 GeV)

@*4—

Vs = 318 GeV

HERA I
High luminosity

Equal sharing between e'p and ep (~ 200 pb™)
Significant increase of statistics for e p wrt. HERA |

~ 0.5 tb" per experiment (HERA | + HERAII)

Longitudinal polarisation of the lepton beam
_ N;—N, typically 30-40%
© N.+N,
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H1+ZEUS combined HERA | cross sections
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| gzeus Greatly reduced experimental uncertainties compared to the separate
R ) analyses of the ZEUS and H1 experiments (“cross calibration”).

H1 and ZEUS Combined PDF Fit
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NLO QCD fit to combined HERA | data

H1 and ZEUS Combined PDF Fit
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High precision, new treatement for heavy flavours (TR-VFNS), detailed study of PDFs unc.
Very close to completion.
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HERA Il high-Q? NC and CC cross sections
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Electroweak: EW unification, parity violation and xF3, chiral structure of weak int.
QCD: tests of QCD in a wide kinematic range, measurement of proton SF and PDFs.
Searches for new physics.

These plots include full datasets of ZEUS NC ep, e'p and CC ep, e'p.
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High-Q? NC ep cross sections
ZEUS DESY-08-202
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High-Q? CC ep cross sections

L=175 pb"

volume 61 - number 2 - june - 2009

DESY-08-177
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High-Q? CC
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Measurement very close to completion.
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e’'p cross sections
gle" p—»vX)=[(a+c)+(1—y)*(d+s)]
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Low- and Mid-Q? NC cross sections
ZEUS
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X
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102
X

DESY-09-046

NC e+p data from dedicated running periods:

HER: E =920 GeV Vs = 318 GeV L=44.5 pb
MER: E =575 GeV Vs =251 GeV L= 7.1 pb
LER: E =460 GeV \s = 225 GeV L=13.9 pb"

Reduced ross sections measured for
20<Q?<130 GeV? and 5x10* < x < 0.007

Different Vs to measure at a given (x,Q?) but
different y
Q%=sxy
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Measurement of F and F
: L 2 DESY-09-046
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Non zero F,.
Most precise ZEUS measurement of F,
in this kinematic region.
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CC e*p, NC ep and NC e'p HER/MER/LER data on PDFs

S
P

ZEUS09 NLO QCD fit

With the approach described in the ZEUS-JETS publication study the impact of new HERA I

Q*=10 GeV?
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Consistent with ZEUS-JETS.
Slightely steeper gluons at low x.
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xu —improved by NC and CC ep data
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xg -improved by NC e*p data (F meas.)
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Diffractive NLO QCD fit and dPDFs
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NLO QCD fits to inclusive DDIS data
and diffractive di-jets in DIS.
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Data with Q*>5 GeV? fitted within the combined framework of DGLAP evolution and

proton-vertex factorisation. TR-VFNS treatement of heavy quarks.

Inclusive data constrain the quark PDFs,
Diffractive di-jet data (BGF) constrain the gluon PDFs od the diffractive exchange
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Diffractive NLO QCD fit and dPDFs
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Gluon sPDFs

Predictions based on extracted dPDFs satisfactory describe:
- diffractive charm production

- diffractive di-jet photoproduction cross sections
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Breit frame
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proton
remnant
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Jet

Jet

Jet

Jet

Jet production in NC DIS

HERA |l ep data (L=188 pb™)
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exp. uncert.

New measurements of aS(MZ)

Inclusive-jet cross sections in NC DIS
ZEUS-prel-09-006

Inclusive-jet eross sections in yp

ZEUS-prel-08-008

Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 649 (2007) 12)

Inclusive-jet cross sections in yp

ZEUS (Phys Lett B 560 (2003) 7)

Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

(H1prelim-07-132/ZEUS-prel-07-025)

HERA Il NC DIS inclusive jets:
a,(M,)="+.1192%0.0009 (stat.) 000> (exp.)" 002 (th.)
3.5% (total)

First measurement from ZEUS HERAII data

Re-analysis of HERA | inclusive jets PhP
(reduced theoretical unc., the same data):

o, (M ,)=0.1223 = 0.0001 (stat.)" %% (exp.) 0% (th )

N

3.1% (total)

o (M) Two most precise single ZEUS measurements of o (M,).

NNLO calculations needed.

s
—a—
Ha—H
o HERA combined 2007
H HERA average 2004
(C. Glasman, hep-ex/0506035)
H World average 2006
(5. Bethke, hep-ex/0606035)
I | I 1 1 I | 1
07/07/2009
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DESY-08-178
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Subjets in NC DIS

Subjets: - pattern of parton radiation
- colour coherence

p proton subjet
remnant

Two resolved subjets (y_cut=0.05) L= 82 pb’

Predictions:
- soft gluon radiation to be emitted towards proton direction

- subjet with lower E_ emitted predominantly towards proton
direction

) ZEUS
E 2500~ .« ZEUS (prel) 334 pb?
& - [ CDM
[T MEPS
Three resolved subjets (y_cut=0.03) L= 344 pb 2000 -
- gives a handle on underlying colour dynamics 1500
- angular corelations are sensitive to different colour :
configurations. 1oor
500 -
NLO QCD descibes the data adequately. 0; R B S e—e—-

07/07/2009
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Angle between the two lowest E_
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Isolated and Prompt Photons in DIS

HERA |l data (L=320 pb"'), 10<Q?<350 GeV?, 4<E <15 GeV, -0.7 < n< 0.9
ZEUS

I I I | T I I | I I T |
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1 .
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: HEMRST 1 X LL enhaunced
0.3 i ]
02— —
0.1 = NLO calculations needed
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Beauty in photoproduction
ZEUS

. DESY-08-210
§ 10°
E s
102;
ZEUS
; T L3 =) 3 9
§ fn luemtw] St
g _I..I_ ---PYTHIAMC X 13 ] § "
2 10F E e b
HERA |l data, 2005 e*p (L=125 pb) i i s
) | ] 10 ]
- ]
Look for b in events with two jets (Kt clust.): LI Lot
2 3 4 5 &6 7p”~8(G9V1)0 -15 -1 -0.5 0 0.5 1 "
N.22, P, >7(6) GeV , |n|<2.5 S A
] o :
[T &25_ ]
with high-p_ muon 3 "L .
T & )
o S < BF
Simultanious fits to pT’e' and impact parameter & g 5 :
S R — —] o (d) —
107 20p$_i ia evs)'o 045 4 05 0 05 111”'1

In agreement with previous ZEUS meas. (HERAI with pT’e' method and c¢ fraction from

external ZEUS measurement). Good agreement with NLO QCD (FMNR)
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Beauty in photoproduction

HERA Il data, 2006/07 e*p (L=128 pb™)
First ZEUS inclusive di-jet measurement with secondary vertexing.

ZEUS
o Doy | g oo Fraction of b extracted from decay length significance,
= L ) S My . ev | . o
EygiL [lrrmmmes ) 1 after reconstructing the decay vertices of B hadrons
E o PYTHIA(D 3
1 03 ;_ — PYTHIA(R) _; . .
3 I - Invariant m?ss a}t the reconstrt:lcted vert‘lces (m)
102E used to distinguish beauty-enriched regions
10
ST , R | _ZEUs
1 g2 ' i
L i 5400 — =
i 7 = L i
107 m = 2 r §
L - 8300 0 b -
20 10 0 10 20 n { ]
S=d/é&d O o o
200— —
. . B : ® ZEUS (prel) 128 pb™ ]
Greatly improved precision compared to HERAI result | === e ZEUS 9600 B
In agreement with NLO QCD (FMNR) - PYTHIAx 112 ]
B — NLO QCD ® had ]
0-1|.5| — I1 — I-0|.5| — (l) — |015| — 1I I:Jet
07/07/2009 Recent ZEUS results R. Ciesielski 20 1



Beauty in photoproduction

HERA

(pb/GeV)
T 1 ||||I'I|

-t
o
)

T ||||||I'|

do/dp®

T ||||||I'|

5 dm’de{ep—}ebX)
........ d Q@<1GeV?, 0.2<y<0.8, In°< 2
== NLOQCD (QFIUINF{)
: u = 14 (m" + p})
H1 99—DDb|et A 2

1 9900bopjot et W= pf

ZEUS 96-00 b— jet
ZEUS 05 b—sp jet

H1 {prel) 06/07 b—p jet
ZEUS 96-97 b—e
ZEUS 120 pb " b—e

H1 97-00 b— D™
ZEUS 96-00 b—D™n
ZEUS 114 pb " bb—pp

ZEUS (prel) 128 pb™' b jet

4 EBOrCA-O>0

1 IIIIII|] 1 IIIIII|I 1 IIIII“I

]’ 1 IIIII|l

_I_LLLI.I.II

5 10 15 20 25 30
<p®> (GeV)

Newest ZEUS results in red.
Good overall agreement of ZEUS and H1 data with NLO QCD (FMNR).
More precise theory would be useful.

07/07/2009
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Semileptonic charm and beauty in DIS

Ml DESY-09-056
n ZEUS
i S [T T ] g T T T2
o -~ gb"fwzémr ZEUS 126 pb” s *E (b) Rapgap
T S e RO -t et
. 1 Ew L i- — :E: E
Jet L = 5o LB
- (a) : L e -1
HERA Il data, 2005 e-p (L=126 pb™) i
Di-jets with muons P} (GeV) n*
Q%20 GeV?, 0.01<y<0.7 o Ty g -
p,” > 1.5 GeV, -1.6< n"<2.3 g e 5
s =g =
‘Gto E
The ¢ and b fractions extracted simultaniously 3. - ]
using pT’e', impact parameter 6 and o E
p,"=! (p, balance from neutrinos) o ;3
1 IIIII| 1 IIIIIII| | - N
Charm: good agresment with HVQDIS and RAPGAP. " qteer) x

Beauty: good agreement in shape, HVQDIS predictions scaled by a factor of 2.
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1.2

08

06

04

02

F2cc and F2bb

HERA

LX
LX

X

LX;

LX;

=0.0008 i=5

=0.0016 i=4

X=0.03 =0, ===

20,0025 =3 ..

20,0085 122 e

20003 120 e

DESY-09-056
HERA

s ZEUS126pb™ §
e ZEUS 134 pb™ D*D°. gt
o ZEUSs2pb' D' 1 -
¢ H157pb'¥TX |

EH ZEUS-S FFNS
-- GJR0OB FFNS A
--- MSTWO08 nlo
MSTWO08 nnlo-|
— CTEQ6.6 -

g

E T T T |

E T T T

a1

E T T T

0.08

E T T T

0.06

E T T T

0.04

T T T E

10

2
10

X=0.0002i=6

1

Xx=0.03 i=0 )

e ZEUS 126 pb
& H1 (prel.) HERA I+ll VTX

ZEUS-5 FFNS
GJR08 FFNS
CTEQG.6

--- MSTWO8 nlo
MSTWO8 nnlo

1 IIIIIII|
3 0

10 10
Q® (GeV?)

Good agreement between ZEUS and H1 measurements.
Results well described by theory.

07/07/2009
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exp o

N/N

Limits on Quark Radius

HERA 1 & I
a E T L L
$ 10, oo B . . o
2 2 miseproepn) Search for mew physics by looking for deviations
S P vt oo from SM NC cross sections at highest Q*.
510 B,
© " - E
i g q
J07h * wrepconsor e Recently added data:
L Zsepccssmin 2004/06 e'p prelim. -> pub.
1055 gx:‘gfg;:;:;:g:g—;; 2006/07 e*p prelim.
? y<=069
wort Full HERA | + HERA |l dataset (L=0.44 fb")
Q2 (GeV?)
ZEYS—— . Quark form factor:
Ep Py |'|| —— ||'||| o ZEUS 94.07 (pﬁ.,e o If a quark has a finite size, the SM cross
108 === Rg= (0.6310"°cm)’ section is expected to decrease at high Q2
-, g; ”_""‘"’r i-'--i—..%:.: ----- Rg = -(0.57 -107"°cm)? 5
gy - . do do™| R, ,
10° 10° S 5= > -
— dQ~ dQ 6
b +"“*‘.+MQ‘."‘I‘.HM.HH.&HWF——!‘ 2y _—__—_*ﬂ—___#"___—__;_
Quark Radius Limits (prel.) E deViationS, |ImItS set:
L ! L R R S| ! ! L
10° 10° 0 0
Q" (GeV) qu <0.63x10%tm (95%C.L.)

We are probing down to 1/1000 proton radius.
07/07/2009 Recent ZEUS results R. Ciesielski 24



Limits on Contact Interactions

New physics at higher scale described at lower energy

as 4-fermion Contact Interaction (Cl). _ZEDS :
94-06 (prel.)ep 94-07 (prel.) e p
O -1/A? best fit value @ +1/A? best fit value
— allowed +1/A% range
A (TeV) A* (TeV)
+ VW | 80 - 8.9
AA | 70 - 6.7
VA | 38 T 41
X1 | 51 — 5.0
2 2 ’ e g X2 | 54 e 6.5
¢ e e e 8«8 .
Man(QZ): 2q . . : . xS B - +n(qu iz 6.2 :g:_ 6.8
sin“@,,cos” 0 +M 6.0 e 6.9
Q W W Q Z X5 | 586 :$:_ 6.3
R X6 4. .
where « and g are electron and quark quark helicities. . | .. :taf#: -
Coupling n™ , are related to the “new physics” U2 | 64 - 76
. 2 Us | 75 :g_ 8.3
mass scale Aby: €8y 1oy Uz | es . "
O(B 2 €E== ’gCI Tt

A Us | 68 =2 7.3
Us | 48 — 5.2
Models with different chiral structure considered, Lo 4o e 52
VV =n% +n% 4+n% 1+ n% LR | 38 —32;_ 5.2
€g. —Np e TN R TN R T Ngr RL | 4.2 —r 49
RR | 46 :g'_.__ 46

Limits on Cl: A>38t089TeV (95%C.L.) 0.2 0 0.2

+1/A% (TeV?)
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ZEUS ZEUS
T T T T T T T UL | T T T T T T T T T T T T T T T T T T T T T T T
10 E 1.1 T ||| T T 1711 ||| e ZEUS 94.07 (pl‘el.) e"p _: 10 — 1.1 T ||| l T T 171 |‘| .|ZEUS 94-07 (pl‘e|.) e+p —
&b T 1 — 8%, M/A=0.94 TeV g - . — M;=0.94 TeV ]
= --- Vi, MA=0.5TeV = 1 M% -~ Mg=0.94TeV i
i 09 L1 | I Lo ]

Limits on Contact Interactions

Interpretation of Cl in other models

10

3

4
10

=T —

Limits on Heavy Leptoquarks (prel.) * Large Extra Dimensions Limits (prel.) # ]
1 | 1 1 1 1 | 1 1 | 1 1 | 1 1 1 1 1 | | 1 1 1
3 3 1 <) 1 4
1° 10 Q? (GeV?) ° ° Q? (GeV?)
T T T T | T T T T T 7T | T T T T T T T T T | T T T T | T T T
1o & 11 T T T TTTT] e ZEUS 98-06 ep - 10 & 11 T T TTTT] e ZEUS 98-06 e p E
& i ;e VL M/A=1.88 TeV 1 1 i .
z 14 L z 1
s [ [T 7 Yy e S;  M/A=0.87 TeV > il
0.9 3 i
10 10 ]
1 MMM‘%_’.-?L ..... 1 .
Limits on Heavy Leptoquarks (prel.) ] Large Extra Dimensions Limits (prel.) i
L | | | L | | | L R | | ool
2 4 3 4
1° 10 Q® (GeVd) " 10 Q® (GeV?)

Limits on Large Extra Dimentions (LED)
M, > 0.9 TeV

MS - effective mass scale of graviton exchange

Limits on Heavy Leptoquarks:
M /A >041t01.88 TeV

M -LQmass, A - Yukawa LQ-e-q coupling
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07/07/2009

Summary

* Inclusive measurements and Proton Structure
* Progress in the combnation of H1+ZEUS results
* First FL measurement at ZEUS completed
 Huge effort to complete the high-Q2 measurements
* Exclusive processes and QCD
* New precise results on jets and heavy quarks
* Need better theory here
* Productive year for ZEUS
* 18 papers in 2008
* In 2009: 6 published, 3 in reading, ~5 in advanced stage
| f@ paper in reading, ~2 in advanced stage
* More results to come

Recent ZEUS results R. Ciesielski
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Limit on FCNC single-top production

SM single-top production negligible at HERA.
FCNC single-top production topology similar to SM W production:
isolated lepton (p“>8 GeV, p°>10 GeV) +

missing p_ (>10 GeV, >15 GeV ) +

Limits on Single Top Quark Production via FCNC

had
p, “>40 GeV 1
— 7
a =
~ L
— 08
HERAII (L=276 pb") 7
0.6
Single Top Selection ¥
Nobs Npred WY% Efficiency 0.4 7
Electron Channel 04-05 e-p 0 21406 38 0.033 P
Muon Channel 04-05 e-p 1 1.5+0.4 47 0.026 i CDF
Electron Channel 06-07e+p 0 09 £0.3 78 0.033 0.9 sl
Muon Channel 06-07 e+p 1 1.4+0.4 50 0.026 -
(V=0 X

ZEUS HERAII (prel.) : o <0.23 pb (95% C.L), k_<0.17 /

ZEUS HERAI+HERAII: 0 <0.13 pb (95% C.L.), k, <0.13

HERA limits on k,, more stringent than Tevatron and LEP
07/07/2009 Recent ZEUS results R. Ciesielski
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High-t J/Psi photoproduction

(‘(k’)

-
=]

do(yp—JivY)dit] (nbiGeV?)

-
o

10

[}
-k

I
e ZEUS 112 pb”
EMP LL
GLMN LL
FSZ
R
L ]
x\‘.\'\i\
‘\\'\4‘ §
(W) = 81 GeV N
z>0.95 T
.
| N,
2 4 6 8 10 12 14 16 18 20
It] (GeV?)

Measurement up to |t| < 20 GeV2
Compared to pQCD models based on DGLAP (GLMN) and BFKL (EMP) dynamics.
Non of the models fully describe the |t| and W dependence of the cross section.

07/07/2009
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a(yp—JiyY) (nb)

-
=

10

10

[}

=]

® ZEUS112pb”
=== EMPLL |t|
— GLMNLL {Ge"l,l" }
————— FSZ
IIII u B 2-3
___'__ —.-f’.é {33
‘;__r""_., - -
.F.F' - e
'.."". - - e - -
e  pa=YpE e 35
!'____:.:r_"' - "! (=)
1-"."‘"—-' - g -
. - ..-"':: -
.,d"' — ..r"r - ..
. ¥ 510
e g '4(
y - .i.-_f'f 10-20
L i o i)
L -
# ,-":- -
# ‘f:_ -
:a-:.r
50 100 200
W (GeV)
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Upsilon photoproduction

E L E- T I T T T | T T T | T T T | T T T | T T T | T T T | T T T
£350 8 c - J
s o ZEUS 96/07 (468 ph™") = 41 --- RS5Gauss B ZEUS(96.07) 468 pb”' -
300 a | -...= RSS, Coulomb ® ZEUS(95-97)
| ; : ) - 1KS, p=1.3 GeV
;3 . GRAPE yy—p'y BH) @ 3 ::: ::z_l; Cgf‘ O HLE4)
. — | —-FMS )
150 £ DIFFVM T — ' T 08 [~ MNRT NLO —
n - —
100 BH + Y = - s
50 =} B .
0 06 [~ ]
= {} =
o]
% ] | B I -~ |
£ 0-4 B . B . - P -.‘__‘_, . =] |
L e e — . —I - _
i - P T l -
- o "F’F:- -
0-2 B - —_ - R ]
- —1 - comr= T .
- u | 1 L I L 1 L I L 1 L I L 1 L I L 1 L I L 1 L I L 1 L I 1 1 1 ]
6 8 10 12 14 ' 8 10 12 14 60 80 100 120 140 160 180 200 220
Mass i (GeV) Mass 11 (GeV) W (GeV)

Measurement based on full HERAII statistics.
Signal observed and cross section measured in two bins of W.
Satisfactory agreement with pQCD based theoretical models.
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NLO QCD fit to combined HERA | data

= HERAPDF0.2

0.8 -

07/07/2009

gs <005 T HERAPDFO.2(prel.)

0.6

QP =10 GeV?

(exp+model+param)

B CcTEQ6.6 68% CL

Recent ZEUS results
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R. Ciesielski

0.6

04

0.2

QP=10GeV:

N xg (X 0.05) ] HERAPDFO0.2(prel.)

(exp+model+param)

B MsTW0S 689% CL

L XS (X 0.05)
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