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Sum
m
ary of the ZEU

S physics results
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O
utline

●
Inclusive N

C and CC cross 
sections

●
Jets cross sections, α

s

●
H

eavy Flavours

●
D

iffractive PD
F fits
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ZEU
S(+H

1) results for D
IS 2010

Inclusive:
●

H
igh-Q

2 CC                           K. O
liver

●
N

C at high-x                        R. Ingbir
●

N
C/CC and PD

F fits              S. H
abib

●
Com

bined F
L                               J. Grebenyuk

●
Q

CD
 fits with low energy data                     

                                         V. Radescu 
●

Q
CD

 fits with charm
 data                            

                               A
. Cooper-Sarkar

H
FL:

●
Incl. beauty in D

IS               P. Roloff
●

Incl. beauty in PH
P              V. A

ushev
●

Charm
 m

esons in D
IS          M

. Lisovyi
●

Inelastic J/ψ helicity         A
. Bertolin         

 

Q
CD

:
●

Jets with anti-k
T  and SIScone, 

(di)jets in N
C D

IS       C. Glasm
an

●
Three subjets               J. Terron

●
 Jets in PH

P          D
. Lontkowskyi

●
Scaled m

om
enta        K. O

lkiewicz
●

Prom
pt photon                D

. Saxon
D

iffraction:
●

D
iffractive PD

Fs             M
. W

ing
●

 J/ψ  at high t                 A
. Bruni

EW
/searches:

●
Isolated leptons            D

. South 
●

M
ulti-leptons               A

. Parenti
●

LQ
 and CI               I. Panagoulias      

      

A
pologies for not being able to cover all the topics due to tim

e
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Q
CD

 at H
ERA

D
G

LA
P

H
ER

A

TEVATR
O

N

LH
C

@
14TeV

M
=̂
Q

x1,2 =̂
M

14
TeV

e ±
y

Provide precise input to Q
CD

 fits

●
N

C and CC cross sections m
ain input to 

Q
CD

 fits →
 H

ERA
PD

F1.0

●
Extension to the high-Q

2 and x region

●
Extension to the low-Q

2 region at high-y:

–
check of D

GLA
P evolution 

–
check of Q

CD
 predictions for F

L   
(see  K. Krueger)

●
Inclusion of jet data and H

FL data → 
sensitivity to the gluon
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H
1+ZEU

S com
bined cross sections

●
N

C and CC cross sections from
 H

1 
and ZEU

S com
bined

●
D
ata are now published 

●
Precision of 1-2%

        
●

Gluon density from
 scaling 

violations

●
D

GLA
P drives the evolution in Q

2   
at  fixed x

JH
EP01(2010)109

H
1 and Z

E
U

S

Q
2 / G

eV
2

r,NC(x,Q2)

x=0.0002
x=0.002

x=0.008x=0.032

x=0.08

x=0.25

H
E

R
A

 I N
C

 e +p
Z

E
U

S
H

1
+

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6

1
10

10
2

10
3

10
4

F
2

lnQ
2

s (Q
2)xg(x,Q

2)

see Shiraz H
abib [169]

D
ata available to be used in PD

F fits!
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H
1+ZEU

S com
bined cross sections

●
N

C and CC cross sections from
 H

1 
and ZEU

S com
bined

●
D
ata are now published 

●
Precision of 1-2%

        
●

Gluon density from
 scaling 

violations

●
D

GLA
P drives the evolution in Q

2   
at  fixed x

JH
EP01(2010)109

H
1 and Z

E
U

S

Q
2 / G

eV
2

r,NC(x,Q2)

x=0.0002
x=0.002

x=0.008x=0.032

x=0.08
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H
E

R
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F
2

lnQ
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s (Q
2)xg(x,Q

2)

see Shiraz H
abib [169]

D
ata available to be used in PD

F fits!

H
1 and Z

E
U

S

x = 0.00005, i=21
x = 0.00008, i=20

x = 0.00013, i=19
x = 0.00020, i=18

x = 0.00032, i=17
x = 0.0005, i=16

x = 0.0008, i=15
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H
ERA

PD
F1.0

The com
bined H

ERA
 data have been used as the sole input for the 

extraction of the H
ERA

PD
F1.0. 

JH
EP01(2010)109

  Precise picture of the proton see Shiraz H
abib [169]
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H
ERA

PD
F1.0

The com
bined H

ERA
 data have been used as the sole input for the 

extraction of the H
ERA

PD
F1.0. 

JH
EP01(2010)109

  Precise picture of the proton see Shiraz H
abib [169]
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for W

 and Z
Gluon (and sea) scaled down 

by a factor 20, dom
inate at low x.

see Shiraz H
abib [169]

Tevatron Jet C
ross Sections

2.0 < |y
jet| < 2.4 (x 10

-9)

1.6 < |y
jet| < 2.0 (x 10

-6)

1.2 < |y
jet| < 1.6 (x 10

-3)

0.8 < |y
jet| < 1.2

0.4 < |y
jet| < 0.8 (x 10

3)

|y
jet| < 0.4 (x 10

6)

C
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H
igh-Q

2 CC from
 e

+p data
Final results on e

+p data, L=132 pb
-1.

200 < Q
2 < 60000 GeV

2 
Precise input to Q

CD
 fits →

 high x

   ZEU
S-pub-10-004

see K
atie O

liver[34]
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N
C cross sections at high-x

   ZEU
S-prel-10-007

see R
onen Ingbir [36]

     Q
2 > 450 GeV

2 , 0-, 1-    
     and m

ulti-jet events     
     reconstructed

    Sensitivity to the          
    high-x region.
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H
igh, m

edium
 and low energy cross section at high y

H
ERA

 N
C cross sections from

 data collected at E
p =920, 460 and 575 GeV for 

the F
L  determ

ination used in PD
F fits (see Katja). 

see Julia G
rebenyuk [170]

ZEU
S extends its Q

2 region for all 
energies, down to 5 GeV

2 for H
ER 

also using shifted vertex data.
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S-prel-10-006

ZEU
S

r0.5

1.0

1.5

2.0
2

 = 5 G
eV

2
Q

2
 = 7 G

eV
2

Q

y
0.2

0.4
0.6

0.8

2
 = 9 G

eV
2

Q

y
0.2

0.4
0.6

0.8

r0.5

1.0

1.5

2.0
2

 = 12 G
eV

2
Q

y
0.2

0.4
0.6

0.8

2
 = 17 G

eV
2

Q

 ZEU
S (prel.)

 ZEU
S (prel.) sat. vtx

 ZEU
S-JETS

-1
 = 318 G

eV, L =44.5 pb
s

 (cm
)

vtx
z

-100
-80

-60
-40

-20
0

20
40

60
80

100

Events

1 10 2
10

3
10

4
10

5
10

 (cm
)

vtx
z

-100
-80

-60
-40

-20
0

20
40

60
80

100

Events

1 10 2
10

3
10

4
10

5
10

ZEU
S (prel.)

M
C

 D
IS+B

G
M

C
 B

G

N
om

inal

Satellite
 = 318 G

eV
s

-1
L = 44.5 pb

ZEU
S



D
IS 2010

M
onica Turcato

12

Jet cross sections

●
Stringent test of perturbative Q

CD
●

Sensitivity to the gluon in the proton, precise input to Q
CD 

fits.

●
Extract α

s  with high precision, check the scale dependence 
within a single experim

ent and in different regim
es.
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Inclusive jets and dijets in N
C D

IS
Kinem

atic range Q
2 > 125 GeV

2. Good agreem
ent with Q

CD
 at N

LO
. 

see C
laudia G

lasm
an [158]

 Inclusive jets, L=300 pb-1

 Inclusive dijets, L=374 pb-1

   ZEU
S-prel-10-002

   ZEU
S-pub-10-005
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S

10
-4

10
-3

10
-2

10
-1

1
ZEU

S (prel.) 300 pb
-1

N
LO

     hadr     Z
0

  E
jetT,B    > 8 G

eV

 -2 < 
B  jet < 1.5

 |cos 
h | < 0.65

jet energy scale uncertainty

theoretical uncertainty

 d /dQ2 (pb/GeV2)-0.4
-0.2 0
0.2
0.4

10
2

10
3

10
4

 Q
2 (G

eV
2)

rel. diff. to NLO

)2 (pb/GeV2/dQd

4
10

3
10

2
10

1
10

 ) 1
ZEU

S (374 pb

0
Z

 C
hadr

 C
N

LO
2

jet
T,B

E+
2

=Q
R 2

µ
2

=Q
2R

µ
2

jet
T,B

E=
2R

µ

) 2
 (G

eV
2

Q
1000

10000
rel. diff. to NLO

0.2 0

0.2
jet energy scale uncertainty

N
LO

 uncertainty



D
IS 2010

M
onica Turcato

14

Inclusive jets in PH
P

Q
2 < 1 GeV

2 , 0.2 < y < 0.85
A
t least one jet with

E
T jet> 17 GeV, -1 < ηjet < 2.5

see D
enys Lontkovskyi [159]
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α
s extracted from

 the dependence of 
the cross section on E

T . Jets in PH
P 

gave the m
ost precise  α

s m
easurem

ent 
at ZEU

S, now extended to H
ERA

II

Test of the running of α
s .
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S-prel-10-003

10
-3

10
-2

10
-1

1 10 10
2

ZEU
S (prel.) 189 pb

-1

N
LO

 (G
R

V
-H

O
)

 -1 < 
 jet < 2.5

 Q
2 < 1 G

eV
2

 0.2 < y < 0.85

jet energy scale uncertainty

theoretical uncertainty

 d /dE
jet
T   (pb/GeV)

-1

-0.5 0

0.5

20
30

40
50

60
70

80
90

  E
jetT    (G

eV
)

rel. diff. to NLO



D
IS 2010

M
onica Turcato

15

α
s  running from

 PH
P to D

IS

Running of the coupling constant 
with the scale tested from

 the low 
to the high Q

2 regim
e.

see C
laudia G

lasm
an [158]

Two new precise α
s  m

easurem
ents 

from
 D

IS and PH
P in agreem

ent 
with the world average.

10
20

30
40

50
60

70

ZEU
S (prel.)

N
C

 D
IS 300 pb

-1

corr. uncert.
th. uncert.

photoproduction 189 pb
-1

corr. uncert.
th. uncert.

Q
C

D E
jetT   (G

eV
)

s

ZEU
S

 0.12

 0.14

 0.16

 0.18

 0.20

 0.22

th. uncert.

exp. uncert.

 W
orld average 2009

 (S. Bethke, Eur Phys J C
64 (2009) 689)

 H
ER

A
 average 2004

 (C
. G

lasm
an, hep-ex/0506035)

 H
ER

A
 com

bined 2007
 (H

1prelim
-07-132/ZEU

S-prel-07-025)

 Inclusive-jet cross sections in p
 ZEU

S (Phys Lett B 560 (2003) 7)

 Inclusive jet cross sections in N
C

 D
IS

 ZEU
S (Phys Lett B 649 (2007) 12)

 Inclusive-jet cross sections in N
C

 D
IS (anti-k

T )
 ZEU

S (D
ESY

-10-034)

 Inclusive-jet cross sections in N
C

 D
IS (SIScone)

 ZEU
S (D

ESY
-10-034)

 Inclusive-jet cross sections in N
C

 D
IS

 ZEU
S-prel-10-002

 Inclusive-jet cross sections in p
 ZEU

S-prel-10-003

0.1
0.12

0.14s (M
Z )



D
IS 2010

M
onica Turcato

16

Jets in PH
P: non perturbative effects
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This can also be 
influenced by the jet 
algorithm

, new 
developm

ents being 
tested for the LH

C 
(anti-k

T , SIScone...)

   ZEU
S-prel-10-003

 Check non 
perturbative 
effects (low 
E

T jet), im
portant 

for the LH
C
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Jets in PH
P: non perturbative effects
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This can also be 
influenced by the jet 
algorithm

, new 
developm

ents being 
tested for the LH

C 
(anti-k

T , SIScone...)

 Check non 
perturbative 
effects (low 
E

T jet), im
portant 

for the LH
C
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A
nti-k

T  and SIScone jet algorithm
s   

Reanalysis of inclusive jets in D
IS       

(k
T  used originally)

First test on data,
im

portant for LH
C

D
ata very well described by N

LO
 and all the algorithm

s. 
Sim

ilar precision (slightly worse for SIScone)
Ratios evaluated up to order α

s 3

see C
laudia G

lasm
an [158]
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Charm
 and beauty production

●
Stringent test of perturbative Q

CD
, sensitivity to the gluon in the 

proton.

●
M

ulti-scale problem
 (m

ass, p
T , Q

2)

●
Check of the Q

CD
 fits depencence on the heavy flavour treatm

ent
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Beauty in D
IS

Beauty reconstructed from 
jets with secondary vertices. 

see Philipp R
oloff [18]
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D
+ in D

IS 
D

+ reconstructed using lifetim
e inform

ation. L=323 pb
-1.

5 < Q
2D

A  < 1000 GeV
2

0.02 < y
D

A  < 0.7
1.5 < p

T (D
+)< 15 GeV

|η(D
+)| < 1.6

see M
ikhaylo Lisovyi [29]

   ZEU
S-prel-10-006

   ZEU
S-prel-10-005

         ~ 7200 D
+ events available   

Precision com
parable to D

* in H
ERA
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H
1+ZEU

S F
2 cc

Sensitivity to the gluon.

D
ata from

 H
1 and ZEU

S 
com

bined.

Precision is now 5-10%
.

Can be im
proved by adding 

new m
easurem

ents (see 
com

parison with new D
+ data)

_
see M

ikhaylo Lisovyi [29]
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Q
CD

 fits with charm
 data

F
2 c data in H

ERA
PD

F1.0 fit. D
GLA

P evolution sensitive to the H
F treatm

ent.

       The choice of the m
ass plays an im

portant role for predictions at LH
C!

see A
m

anda C
ooper-Sarkar [31]
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D
iffractive PD

F fits                     
D

iffractive PD
Fs extracted from

 inclusive 
and jets cross sections in diffractive D

IS. 

see M
atthew

 W
ing [250]

   N
ucl. Phys. B

831 (2010) 1

Good description of the data obtained 
also for data not included in the fit 
(here dijets in PH

P, also in the low x
γ  

region). N
o suppression or   

factorisation breaking.
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Conclusions

●
N

ew ZEU
S+H

1 com
bination m

easurem
ents are providing precision data 

used as input in Q
CD

 fits.

●
The analyses of the H

ERA
II on N

C, CC, jets and heavy flavour 
processes are extended to the full data statistics allowing im

proved 
precision of the results.

●
The new inclusive, jets and heavy flavour data are now investigated in 
the context of Q

CD
 fits, allowing m

ore stringent test on the fit 
form

alism
.

●
M

ore to com
e from

 com
bination also for diffraction...

The H
ERA

 data are a valuable input to understand 
Q

CD
 and therefore for the LH

C physics
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Backup
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Jet algorithm
s

Jet reconstruction relies on jet algorithm
s. 

Jet algorithm
s should not be sensitive to soft particle 

em
ission (infrared safe) and collinear particle splitting 

(collinear safe). 

arXiv0802.1189

Tested on data for the
first tim

e at ZEU
S...

N
ew developm

ents:
anti-k

T (Cacciari, 
Salam

, Soyez 08)

SISCO
N

E 
(Salam

,Soyez 07)
both safe at all 

orders

k
T  (Catani et al.)

Cone algorithm
s norm

ally used in 
hadron-hadron collisions are not safe at 
all order in Q

CD
.

Exam
ple test on the sam

e M
C event:

A
nti-k

T  is sim
ilar to k

T  but gives jets of 
regular shape, as SIScone (good i.e. for 
detector calibration).
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Jets in PH
P: non perturbative effects
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This can also be 
influenced by the jet 
algorithm

, new 
developm

ents being 
tested for the LH

C 
(anti-k

T , SIScone...)
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ZEU
S F

2 b                     

●
Present m

easurem
ents based on 

events with m
uon and jets

●
Precision of the data is lim

ited

●
W

ill dram
atically im

proved using 
 jets from

 secondary vertices.

●
Fair agreem

ent between the 
various theory predictions

see Philipp R
oloff [18]
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Q
uark radius, contact interactions

Full ZEU
S N

C statistics used to investigate quark radius, CI m
odels, heavy 

leptoquarks, large extra dim
ensions. Strong lim

its extracted.

see Ilias Panagoulias [75]
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