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HERA	
  and	
  the	
  Structure	
  of	
  the	
  Proton	
  

HERA	
  data	
  are	
  our	
  main	
  source	
  of	
  knowledge	
  
on	
  proton	
  structure:	
  	
  
	
  	
  	
  proton’s	
  parton	
  distribuFon	
  funcFons	
  (PDFs)	
  
	
  
	
  	
  	
  	
  	
  	
  	
  Combine	
  the	
  H1	
  and	
  ZEUS	
  data	
  in	
  order	
  
	
  	
  	
  	
  	
  	
  	
  to	
  provide	
  the	
  most	
  precise	
  input	
  to	
  
	
  	
  	
  	
  	
  	
  	
  DGLAP	
  analyses	
  
	
  
	
  
Precise	
  knowledge	
  of	
  PDFs	
  crucial	
  to	
  carry	
  out	
  
LHC	
  Physics	
  Program:	
  	
  
-­‐  Very	
  stringent	
  tests	
  of	
  the	
  Standard	
  Model	
  
-­‐  Searches	
  of	
  Physics	
  Beyond	
  the	
  SM	
  
	
  	
  	
  	
  	
  	
  (need	
  to	
  control	
  QCD	
  Background)	
  	
  	
  

DGLAP	
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The	
  HERA	
  Collider	
  
World’s	
  only	
  ep	
  collider	
  (Desy-­‐Hamburg)	
  
Data	
  taking:	
  Fall	
  1992	
  -­‐	
  June	
  2007	
  

HERA-­‐I	
  (1992-­‐2000)	
  
L	
  ~	
  130	
  pb-­‐1/experiment	
  
Mostly	
  e+p	
  

HERA-­‐II	
  (2003-­‐2007)	
  
L~360	
  pb-­‐1/experiment	
  
Similar	
  amounts	
  of	
  e+p	
  and	
  e-­‐p	
  
Long.	
  polarized	
  lepton	
  beams	
  (P~0.35)	
  
Last	
  months:	
  Runs	
  at	
  reduced	
  √s	
  for	
  FL	
  

e±	
  (27.5	
  GeV)	
   p	
  (820/920	
  GeV)	
  
H1	
  

ZEUS	
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DIS	
  processes	
  and	
  cross	
  secFons	
  
KinemaFc	
  variables:	
  
	
  
	
  	
  -­‐	
  Virtuality	
  exchanged	
  boson	
  
	
  
	
  
	
  	
  -­‐	
  Bjorken	
  scaling	
  variable	
  

Q2 = −q2 = −(k − k�)2

x =
Q2

2p · q

Double	
  differenFal	
  and	
  “reduced”	
  cross	
  secFons:	
  

NC:	
  

σ±
r,CC =
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dxdQ2
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�
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· Q4x
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DIS	
  processes	
  and	
  cross	
  secFons	
  
KinemaFc	
  variables:	
  
	
  
	
  	
  -­‐	
  Virtuality	
  exchanged	
  boson	
  
	
  
	
  
	
  	
  -­‐	
  Bjorken	
  scaling	
  variable	
  

Q2 = −q2 = −(k − k�)2

x =
Q2

2p · q

Structure	
  FuncFons,	
  PDFs	
  	
  and	
  DGLAP	
  evoluFon	
  equaFons:	
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Results	
  I	
  will	
  Cover	
  
	
  
  CombinaFon	
  of	
  the	
  H1	
  and	
  ZEUS	
  data	
  and	
  DGLAP	
  fits:	
  
	
  
	
  	
  	
  	
  	
  	
  -­‐	
  HERA-­‐I	
  inclusive	
  cross	
  secFons:	
  
	
  	
  	
  	
  	
  	
  	
  	
   Precise	
  determinaFon	
  of	
  the	
  sea	
  quarks	
  and	
  gluons	
  at	
  mid-­‐	
  and	
  	
  low-­‐x	
  
	
  
	
  	
  	
  	
  	
  -­‐	
  HERA-­‐I+HERA-­‐II	
  Inclusive	
  cross	
  secFons	
  (high-­‐Q2):	
  
	
  	
  	
  	
  	
  	
  	
  	
   Bener	
  determinaFon	
  of	
  the	
  valence	
  quarks	
  at	
  high-­‐x	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  -­‐	
  HERA-­‐I	
  +	
  charm	
  data:	
  
	
  	
  	
  	
  	
  	
  	
  	
   Constraints	
  on	
  the	
  charm	
  mass	
  and	
  study	
  of	
  different	
  	
  heavy	
  quarks	
  schemes	
  
	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  -­‐	
  HERA-­‐I	
  +	
  jet	
  data:	
  
	
  	
  	
  	
  	
  	
  	
  	
   Strong	
  coupling	
  and	
  gluon	
  density	
  
	
  
  Final	
  results	
  of	
  the	
  H1	
  an	
  ZEUS	
  collaboraFons	
  with	
  HERA-­‐II	
  data	
  	
  
	
  	
  	
  	
  	
  -­‐	
  H1	
  NC	
  and	
  CC	
  	
  e±p	
  high	
  Q2	
  	
  Cross	
  SecFons	
  and	
  new	
  QCD	
  analysis	
  	
  	
  
	
  
	
  	
  	
  	
  	
  -­‐	
  ZEUS	
  NC	
  e+p	
  high	
  Q2	
  cross	
  secFons	
  

	
  	
  	
  	
  Prelim
inary	
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HERAPDFs	
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Data	
   PDF	
  Set	
  

H1+ZEUS	
  	
  NC,CC	
  	
  -­‐	
  HERA	
  I	
   HERAPDF1.0	
  (NLO,NNLO)	
  

H1+ZEUS	
  	
  NC,CC	
  	
  -­‐	
  HERA	
  I	
  +II	
  (part)	
   HERAPDF1.5	
  (NLO,NNLO)	
  

NC,CC	
  HERA	
  I	
  +	
  II	
  (part)	
  +	
  jets	
   HERAPDF1.6	
  (NLO)	
  

NC,CC	
  HERA	
  I	
  +	
  II	
  (part)	
  +	
  charm	
   HERAPDF1.0	
  +	
  charm	
  

All	
  data	
  above	
   HERAPDF1.7	
  

Planned:	
  Full	
  HERA	
  data	
  set	
   HERAPDF2.0	
  (NLO,	
  NNLO)	
  

HERAPDF:	
  	
  only	
  HERA	
  data	
  
	
  -­‐	
  uses	
  consistent	
  data	
  with	
  very	
  well	
  understood	
  correlaFons	
  
	
  -­‐	
  no	
  need	
  for	
  nuclear	
  correcFons	
  etc	
  	
  	
  

Overview	
  of	
  HERAPDF	
  sets:	
  	
  

Part	
  of	
  the	
  HERAPDF	
  	
  Project:	
  	
  HERAFi.er	
  
	
  -­‐	
  Open	
  source	
  QCD	
  fipng	
  tool	
  to	
  determine	
  PDFs	
  
	
  	
  	
  (	
  see	
  hnp://projects.hepforge.org/herafiner	
  )	
  

	
  



CombinaFon	
  of	
  HERA	
  I	
  data	
  

H1 and ZEUS

Q2 / GeV2

r,
N

C
(x

,Q
2 )
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-­‐ 	
  1402	
  data	
  points	
  
-­‐ 	
  110	
  syst.	
  error	
  sources	
  (and	
  correlaFons)	
  
-­‐ 	
  details	
  on	
  the	
  χ2	
  combinaFon	
  method:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  see	
  JHEP	
  1001:109(2010)	
  [arXiv:0904.0929]	
  

 	
  Data	
  show	
  good	
  consistency:	
  
-­‐ 	
  χ2/ndof	
  =637/656	
  	
  
-­‐ 	
  small	
  shiu	
  of	
  global	
  norms	
  
-­‐ 	
  distribuFon	
  of	
  pulls	
  

  Combined	
  are	
  all	
  published	
  	
  HERA-­‐I	
  
	
  	
  	
  	
  	
  	
  NC,CC	
  e±p	
  	
  cross	
  secFon	
  measurements	
  

  Experiments	
  “cross	
  calibrate”	
  each	
  other	
  

	
  -­‐	
  1-­‐2%	
  total	
  uncert.	
  in	
  the	
  low-­‐	
  mid-­‐Q2	
  region	
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CombinaFon	
  of	
  HERA	
  I	
  data	
  
H1 and ZEUS
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DGLAP	
  Analysis	
  of	
  HERA-­‐I	
  data:	
  HERAPDF	
  1.0	
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                H1 and ZEUS
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0.8

1

The	
  very	
  precise	
  HERAPDF1.0	
  set	
  is	
  available	
  in	
  LHAPDF	
  since	
  v5.8.1	
  

  NLO	
  DGLAP	
  analysis	
  based	
  only	
  on	
  the	
  HERA-­‐I,	
  
	
  	
  	
  	
  	
  fully	
  consistent,	
  combined	
  dataset:	
  
	
  	
  	
  	
  -­‐	
  no	
  need	
  for	
  heavy	
  target/deuterium	
  correcFons	
  
	
  	
  	
  	
  	
  	
  	
  or	
  strong	
  isospin	
  assumpFons	
  
	
  	
  	
  	
  -­‐	
  	
  χ2/ndof	
  =	
  574/582	
  

  Massive	
  treatment	
  for	
  heavy	
  flavours	
  (RT-­‐VFNS)	
  

  Detailed	
  study	
  of	
  uncertainFes:	
  
	
  	
  	
  	
  	
  -­‐	
  experimental,	
  model	
  and	
  parametrisaFon	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   10	
  



DGLAP	
  Analysis	
  of	
  HERA-­‐I	
  data:	
  HERAPDF	
  1.0	
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                  H1 and ZEUS
Experimental	
  uncertainty:	
  

Model	
  Uncertainty:	
  	
  

Consistent	
  data	
  set	
  	
  use	
  Δχ2	
  =1	
  	
  

ParametrizaFon	
  uncertainty:	
  	
  

Following	
  variaFons	
  were	
  considered	
  

xf(x) = AxB(1− x)C(1 +Dx+ Ex2)

Envelope	
  from	
  DGLAP	
  Fits	
  	
  using	
  variants	
  
of	
  	
  the	
  parametrisaFon	
  form	
  at	
  Q0

2	
  

At	
  the	
  scale	
  Q2=10	
  000	
  GeV2	
  (relevant	
  to	
  LHC)	
  	
  
the	
  sea	
  and	
  gluon	
  densiFes	
  are	
  known	
  	
  at	
  the	
  %	
  level	
  for	
  x	
  ≤	
  10-­‐1	
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HERA-­‐II	
  	
  High-­‐Q2	
  Data:	
  	
  NC	
  e±p	
  
HERA-­‐I	
  combined	
  results	
  

H1 and ZEUS

x = 0.02   (x300.0)

x = 0.032   (x170.0)

x = 0.05   (x90.0)

x = 0.08   (x50.0)

x = 0.13   (x20.0)

x = 0.18   (x8.0)

x = 0.25   (x2.4)

x = 0.40   (x0.7)

x = 0.65

Q2/ GeV2

r,
N

C
(x

,Q
2 )

HERA I NC e+p
HERA I NC e-p

HERAPDF1.0   e+p
HERAPDF1.0   e-p

±

10
-2

10
-1

1

10

10 2

10 3

10 2 10 3 10 4 10 5

HERA-­‐I	
  +	
  HERA-­‐II	
  combined	
  results	
  

H1 and ZEUS

H
ER

A
 S

tr
uc

tu
re

 F
un

ct
io

ns
 W

or
ki

ng
 G

ro
up

Ju
ne

 2
01

0

x = 0.02   (x300.0)

x = 0.032   (x170.0)

x = 0.05   (x90.0)

x = 0.08   (x50.0)

x = 0.13   (x20.0)

x = 0.18   (x8.0)

x = 0.25   (x2.4)

x = 0.40   (x0.7)

x = 0.65

Q2/ GeV2

r,
N

C
(x

,Q
2 )

HERA I+II NC e+p (prel.)
HERA I+II NC e-p (prel.)

HERAPDF1.0   e+p
HERAPDF1.0   e-p

±

10
-2

10
-1

1

10

10 2

10 3

10 2 10 3 10 4 10 5

New	
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  at	
  high-­‐Q2	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   12	
  



HERAPDF1.0	
  vs	
  HERAPDF1.5	
  

0.2

0.4

0.6

0.8

1

-410 -310 -210 -110 1

0.2

0.4

0.6

0.8

1

 HERAPDF1.0 
 exp. uncert.

 model uncert.
 parametrization uncert.
 

x

xf 2 = 10 GeV2Q

vxu

vxd

 0.05)×xS (

 0.05)×xg (

H1 and ZEUS HERA I Combined PDF Fit

0.2

0.4

0.6

0.8

1

0.2

0.4

0.6

0.8

1

-410 -310 -210 -110 1

0.2

0.4

0.6

0.8

1

 HERAPDF1.5 (prel.) 

 exp. uncert.

 model uncert.
 parametrization uncert.
 

x
xf 2 = 10 GeV2Q

vxu

vxd

 0.05)×xS (

 0.05)×xg (

H
ER

A
 S

tr
uc

tu
re

 F
un

ct
io

ns
 W

or
ki

ng
 G

ro
up

Ju
ly

 2
01

0

H1 and ZEUS HERA I+II Combined PDF Fit

0.2

0.4

0.6

0.8

1

Impact	
  on	
  valence	
  quarks:	
  	
  much	
  bener	
  constrained	
  at	
  mid	
  and	
  high-­‐x	
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HERA-­‐I	
  /	
  HERAPDF1.0	
   HERA-­‐I+II	
  /	
  HERAPDF1.5	
  



Inclusion	
  of	
  Charm	
  data	
  

H1 and ZEUS
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Reasonable	
  agreement	
  with	
  QCD	
  
predicFon,	
  based	
  on	
  HERAPDF1.0,	
  
when	
  accounFng	
  for	
  uncertainty	
  on	
  mc	
  	
  
	
  
Uncertainty	
  band:	
  1.35	
  <	
  mc	
  <	
  1.65	
  GeV	
  	
  

Combine	
  H1	
  and	
  ZEUS	
  charm	
  data:	
  
(accuracy	
  7-­‐10%)	
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Heavy	
  	
  Quarks	
  (HQ)	
  treatment	
  in	
  DGLAP	
  
fit	
  is	
  very	
  important.	
  	
  
	
  
New	
  HERA	
  combined	
  charm	
  data	
  allow	
  to	
  	
  
study	
  different	
  HQ	
  schemes.	
  
	
  



Inclusion	
  of	
  charm	
  data	
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Charm,	
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  and	
  W	
  predicFons	
  at	
  LHC	
  

 / GeV model
cm

1.2 1.4 1.6 1.8

2

600

800

1000

1200
RT standard
RT optimised
ACOT-full
S-ACOT-
ZMVFNS

H1 and ZEUS (prel.)

(prel.)cc
2HERAPDF1.0 + F

H
ER

A
 In

cl
us

iv
e 

W
or

ki
ng

 G
ro

up
   

   
   

A
ug

us
t 2

01
0

 / GeV model
cm

1.2 1.4 1.6 1.8

 / 
nb

+
W

52

54

56

58

60

62

64

 RT standard
 RT optimised
 ACOT-full
 S-ACOT-
 ZMVFNS 

) = 7 TeVs (+W
(prel.)cc

2HERAPDF1.0 + F

H
ER

A
 In

cl
us

iv
e 

W
or

ki
ng

 G
ro

up
   

   
   

A
ug

us
t 2

01
0

If	
  a	
  fixed	
  “opFmal”	
  mass	
  value	
  is	
  considered	
  
then	
  the	
  spread	
  is	
  sFll	
  considerable	
  (~7%)	
  
but	
  	
  if	
  each	
  predicFon	
  is	
  taken	
  at	
  its	
  own	
  
opFmal	
  value	
  the	
  spread	
  among	
  predicFons	
  
is	
  reduced	
  to	
  1%	
  (2%	
  considering	
  	
  ZM-­‐VFNS)	
  
	
  	
  

Different	
  “opFmal”	
  effecFve	
  masses	
  
for	
  different	
  GM-­‐VFNS	
  yield	
  very	
  similar	
  fits	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   16	
  

W+	
  cross	
  secFon	
  @	
  LHC	
  



Inclusion	
  of	
  jets:	
  	
  HERAPDF1.6	
  
HERAPDF1.6:	
  	
  	
  	
  CC,NC	
  HERA	
  I	
  +	
  II(part)	
  +	
  
4	
  inclusive	
  	
  jet	
  measurements	
  from	
  H1	
  and	
  ZEUS	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   17	
  

0.6

0.8

1

1.2

1.4

2 < 200 GeV2150 < Q

0.6

0.8

1

1.2

1.4

2 < 400 GeV2270 < Q

 [GeV]TE10

0.6
0.8

1

1.2
1.4

2 < 5000 GeV2700 < Q

2 < 270 GeV2200 < Q

2 < 700 GeV2400 < Q

 [GeV]TE10

2 < 15000 GeV25000 < Q

PDF uncertainty

scale uncertainty

H1 data 
Eur. Phys. J. C65, 363 (2010)

H1 and ZEUS (prel.)

   
H

ER
A

PD
F 

St
ru

ct
ur

e 
Fu

nc
tio

n 
W

or
ki

ng
 G

ro
up

   
   

   
   

   
   

   
   

   
   

   
  M

ar
ch

 2
01

1

) s
 H

ER
A

PD
F1

.6
 fr

ee
 

   
   

   
   

   
   

   
   

   
   

   
   

  r
at

io
 to

 N
LO

 (N
LO

Je
t+

+ 

Direct	
  sensiFvity	
  to	
  gluon	
  	
  and	
  	
  	
  
strong	
  coupling	
  constant	
  



Inclusion	
  of	
  jets:	
  	
  HERAPDF1.6	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   18	
  

)
Z

(MS

0.114 0.116 0.118 0.12 0.122 0.124 0.126

   
m

in
2

 - 2

0

5

10

15

20
H1 and ZEUS (prel.)

HERAPDF1.5f
HERAPDF1.6

H
ER

A
PD

F 
St

ru
ct

ur
e 

Fu
nc

tio
n 

W
or

ki
ng

 G
ro

up
   

 M
ar

ch
 2

01
1 

0

0.2

0.4

0.6

0.8

1

-410 -310 -210 -110 1
0

0.2

0.4

0.6

0.8

1

 HERAPDF1.5f (prel.) 
)

Z
(Ms  free 

 exp. uncert.
 model uncert.
 parametrization uncert.
 

x

xf 2 = 10 GeV2Q

vxu

vxd

 0.05)×xS (

 0.05)×xg (

H
ER

A
PD

F 
St

ru
ct

ur
e 

Fu
nc

tio
n 

W
or

ki
ng

 G
ro

up
M

ar
ch

 2
01

1

H1 and ZEUS HERA I+II PDF Fit

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

-410 -310 -210 -110 1
0

0.2

0.4

0.6

0.8

1

 HERAPDF1.6 (prel.) 
)

Z
(Ms  free 

 exp. uncert.
 model uncert.
 parametrization uncert.
 

x

xf 2 = 10 GeV2Q

vxu

vxd

 0.05)×xS (

 0.05)×xg (

vxu

vxd

 0.05)×xS (

 0.05)×xg (

H
ER

A
PD

F 
St

ru
ct

ur
e 

Fu
nc

tio
n 

W
or

ki
ng

 G
ro

up
M

ar
ch

 2
01

1

H1 and ZEUS HERA I+II PDF Fit with Jets

0

0.2

0.4

0.6

0.8

1

	
  HERA	
  Jet	
  data	
  allow	
  to	
  constrain	
  simultaneously	
  
	
  αs	
  and	
  gluon	
  	
  	
  

+	
  jets	
  



Final	
  H1	
  HERA-­‐II	
  High-­‐Q2	
  cross	
  secFons	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   19	
  

2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q

2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q

2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q

2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q

2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 30000 GeV2Q 2 = 30000 GeV2Q 2 = 30000 GeV2Q 2 = 30000 GeV2Q

 = -25.8%eP
pH1 NC e

H1PDF 2012
 = +36.0%eP

pH1 NC e
H1PDF 2012

NC

x x x

                                                   

                                                   

x

H1 Collaboration

H
ER

A 
II 

   

0

0.5

1

1.5

0

0.5

1

1.5

0

0.5

1

0

0.5

1

0

0.2

0.4

0.6

0.8
-210 -110 1

-310 -210 -110 1 -210 -110 1 -210 -110 1

2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 120 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 150 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 200 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q 2 = 250 GeV2Q

2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 300 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 400 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 500 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q 2 = 650 GeV2Q

2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 800 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1000 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1200 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q 2 = 1500 GeV2Q

2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 2000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 3000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 5000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q 2 = 8000 GeV2Q

2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 12000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 20000 GeV2Q 2 = 30000 GeV2Q 2 = 30000 GeV2Q

 = -37.0%eP
p+H1 NC e

H1PDF 2012
 = +32.5%eP

p+H1 NC e
H1PDF 2012

NC

x x x

                                                   

                                                   

x

H1 Collaboration

H
ER

A 
II 

   

0

0.5

1

1.5

0

0.5

1

1.5

0

0.5

1

0

0.5

1

0

0.2

0.4

0.6

0.8
-210 -110 1

-310 -210 -110 1 -210 -110 1 -210 -110 1

-­‐	
  Show	
  here	
  only	
  NC	
  e±p	
  Reduced	
  Cross	
  SecFons	
  
-­‐	
  Polarized	
  Cross	
  secFons	
  well	
  described	
  by	
  SM	
  predicFons	
  (H1PDF	
  2012)	
  

arXiv:1206.7007	
  (JHEP)	
  

e-­‐	
   e+	
  



NC	
  PolarizaFon	
  Asymmetry	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   20	
  

]2 [GeV2Q
310 410

-1

-0.5

0

0.5

1

p)+   (e+A
H1PDF 2012

p)   (eA
H1PDF 2012

H1 Collaboration

H
ER

A
 II

±A

Direct	
  measure	
  of	
  Parity	
  violaFon	
  effects	
  in	
  NC	
  DIS	
  



Structure	
  FuncFons	
  F2γZ,	
  F3γZ	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   21	
  

-210 -110 1
0

0.2

0.4

0.6

0.8

1  H1 Collaboration

H
ER

A 
I+

II

2 = 1500 GeV 2Transformed to Q
Z

3xF

x

H1
H1PDF 2012

-110 1
0

0.5

1

 H1 Collaboration

H
ER

A
 II

2 = 1500 GeV 2Transformed to Q
Z

2F

x

H1
H1PDF 2012

First	
  measurement	
  of	
  	
  F2γZ	
   Improved	
  measurement	
  of	
  F3γZ	
  	
  



H1PDF	
  2012	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   22	
  

x
-410 -310 -210 -110

x
f(

x
)

0

0.2

0.4

0.6

0.8

x
-410 -310 -210 -110

x
f(

x
)

0

0.2

0.4

0.6

0.8

vxu

vxd

 0.05)×(xg

 0.05)×(xS

2 = 10 GeV2Q

H1PDF 2012
experimental uncertainty
+ model uncertainty
+ parametrisation unc.

=0.5 fitsf

H1PDF 2012
experimental uncertainty
+ model uncertainty
+ parametrisation unc.

=0.5 fitsf

H1 Collaboration

x
-410 -310 -210 -110

v
xu

-0.4

-0.2

0

0.2

0.4

x
-410 -310 -210 -110

v
xd

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
H1 Collaboration

x
-410 -310 -210 -110

Ux

-0.2

-0.1

0

0.1

0.2

x
-410 -310 -210 -110

Dx

-0.2

-0.1

0

0.1

0.2

x
-410 -310 -210 -110

xU

-0.2

-0.1

0

0.1

0.2

x
-410 -310 -210 -110

xD

-0.2

-0.1

0

0.1

0.2

x
-410 -310 -210 -110

xg

-0.4

-0.2

0

0.2

0.4

Uncert. due to H1 HERA I data

Uncert. due to H1 HERA I+II data

2 = 1.9 GeV2Q

-­‐  HERAFiner	
  
-­‐  5	
  sets	
  of	
  PDFs	
  (with	
  13	
  free	
  parameters)	
  
	
  
Reduced	
  uncertainFes	
  in	
  parFcular	
  for	
  
down-­‐type	
  quarks	
  (xD)	
  
	
  



Final	
  ZEUS	
  HERA-­‐II	
  NC	
  e+p	
  cross	
  secFons	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   23	
  

)2/GeV
DA
2log(Q

2 2.5 3 3.5 4 4.5 5

Ev
en

ts

1

10

210

310

410

510

)2/GeV
DA
2log(Q

2 2.5 3 3.5 4 4.5 5

Ev
en

ts

1

10

210

310

410

510 (a)

)
DA

log(x
-3 -2.5 -2 -1.5 -1 -0.5 0

Ev
en

ts

1

10

210

310

410

)
DA

log(x
-3 -2.5 -2 -1.5 -1 -0.5 0

Ev
en

ts

1

10

210

310

410
(b)

DA
y

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ev
en

ts

5000

10000

15000

20000

25000

, y < 0.92 > 185 GeV2Q

)-1p (135.5 pb+ZEUS e

SM MC ( NC+Photoproduction )

Photoproduction MC

DA
y

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ev
en

ts

5000

10000

15000

20000

25000 (c)

 (GeV)ZE - P
35 40 45 50 55 60 65

Ev
en

ts

1

10

210

310

410

 (GeV)ZE - P
35 40 45 50 55 60 65

Ev
en

ts

1

10

210

310

410
(d)

 (rad)e

0.5 1 1.5 2 2.5 3

Ev
en

ts

1

10

210

310

410

510

 (rad)e

0.5 1 1.5 2 2.5 3

Ev
en

ts

1

10

210

310

410

510 (e)

 (GeV)e
,E

0 10 20 30 40 50 60

Ev
en

ts

5000

10000

15000

20000

25000

30000

 (GeV)e
,E

0 10 20 30 40 50 60

Ev
en

ts

5000

10000

15000

20000

25000

30000 (f)

 (rad)
h

0 0.5 1 1.5 2 2.5 3

Ev
en

ts

5000
10000
15000

20000
25000
30000
35000
40000

 (rad)
h

0 0.5 1 1.5 2 2.5 3

Ev
en

ts

5000
10000
15000

20000
25000
30000
35000
40000 (g)

 (GeV)T,hP
0 10 20 30 40 50 60 70 80 90 100

Ev
en

ts

1

10

210

310

410

510

 (GeV)T,hP
0 10 20 30 40 50 60 70 80 90 100

Ev
en

ts

1

10

210

310

410

510 (h)

ZEUS ZEUS

        x

2 = 200 GeV2Q

2 = 650 GeV2Q

2 = 2000 GeV2Q

-210 -110

2 = 12000 GeV2Q

2 = 250 GeV2Q

2 = 800 GeV2Q

2 = 3000 GeV2Q

-210 -110

2 = 20000 GeV2Q

2 = 350 GeV2Q

2 = 1200 GeV2Q

2 = 5000 GeV2Q

-210 -110

2 = 30000 GeV2Q

2 = 450 GeV2Q

2 = 1500 GeV2Q

2 = 8000 GeV2Q

ZEUS NC 
 ),-1p ( 135.5 pb+e

 = 0 (corrected)eP
SM (HERAPDF1.5)
ZEUS NC

 ),-1p ( 169.9 pb-e
 = 0 (corrected)eP

SM (HERAPDF1.5)

-1      10-2       10

1

0.5

0

1

0.5

0

1

0.5

0

1

0.5

0

-­‐  Very	
  pure	
  signal,	
  good	
  agreement	
  with	
  MC	
  expectaFons	
  
-­‐  Reduced	
  Cross	
  secFons	
  (corrected	
  to	
  P=0)	
  well	
  described	
  by	
  SM	
  predicFons	
  (HERAPDF1.5)	
  

arXiv:1208.6138	
  	
  (EPJC)	
  



Final	
  ZEUS	
  HERA-­‐II	
  NC	
  e+p	
  cross	
  secFons	
  

E.	
  Tassi	
  	
  	
  -­‐	
  DiffracFon	
  2012	
   24	
  

ZEUS

x
-110 1

 Z 3
xF

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
2=1500 GeV2 ), Q-1p ( 305.4 pb±ZEUS NC e

SM (HERAPDF1.5)
SM (ZEUSJETS)
SM (CTEQ6M)
SM (MSTW2008)

ZEUS

)2 (GeV2Q
310 410

=-
0.

36
)

e
(P

=+
0.

32
)/

e
(P

0.4

0.6

0.8

1

1.2

1.4

 )-1p ( 135.5 pb+ZEUS NC e

SM (HERAPDF1.5)

)2 (GeV2Q
310 410

   +
A

sy
m

m
et

ry
 A

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2
0.3

0.4

0.5

 )-1p ( 135.5 pb+ZEUS NC e

SM (HERAPDF1.5)

-­‐	
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-­‐	
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  demonstrated	
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  scale	
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Summary	
  
HERA	
  remains	
  our	
  main	
  source	
  of	
  informaFon	
  on	
  proton	
  structure	
  
	
  
Recent	
  combined	
  results	
  of	
  the	
  H1	
  and	
  ZEUS	
  CollaboraFons	
  have	
  allowed	
  
to	
  determine	
  proton’s	
  PDFs	
  with	
  an	
  unprecedented	
  precision	
  
	
  
Most	
  of	
  the	
  improvements	
  in	
  the	
  understanding	
  of	
  the	
  PDFs,	
  described	
  here,	
  
are	
  very	
  relevant	
  for	
  the	
  physics	
  program	
  of	
  the	
  LHC	
  
	
  
Final	
  High	
  Q2	
  NC	
  and	
  CC	
  HERA	
  II	
  Cross	
  secFons	
  now	
  published.	
  	
  
Final	
  HERA	
  combinaFons	
  and	
  QCD	
  Analysis	
  being	
  worked	
  on.	
  
	
  
For	
  addiFonal	
  informaFon	
  and	
  results	
  please	
  refer	
  to:	
  
hnps://www.desy.de/h1zeus/combined_results/	
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