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DIS cross section and 
structure functions 
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=
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Why measuring inclusive DIS 
cross sections at HERMES? 

HERMES (1996-2005)               30M proton   +   28M deuteron 
                                                   ~450pb-1           ~460pb-1 

eg. Compared to NMC                 3M proton   +     6M deuteron 

σp, σd,
σp

σd

F p
2 , F d

2

∫
dx
x

(
F p
2 − F d

2

)
Gottfried Sum 

Valence Quark Ratio 

dv/uv
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you neither talk about Gottfried nor valence quarks later on! (It's hard to judge from the slide alone - probably it depends on how you motivate these two points.

how about: "well we measure asymmetries but are actually interested in the polarized cross section only -> need to get rid of unpolarized part"?
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The HERMES Spectrometer 

4 

probably as the first HERMES speaker you may spend some time on this if you have time



Kinematic plane 

0.006 < x < 0.9

0.1 < y < 0.85

0.2 GeV2 < Q2 < 20 GeV2

W 2 > 5 GeV2

! 19 x bins 
! Up to 6 Q2 bins 
! Total: 81 bins 

! Traditional DIS region  
(Q2>1GeV2) can be 
easily separated 
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Extraction of  cross sections 
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do we need to mention LUMI somewhere? (you do on the next slide)




Luminosity 

Normalization uncertainty 6.4% (proton) and 6.6%(deuteron) 

Elastic reference process:  interaction of  beam with shell electrons 

• Electron beam: Moller scattering 

• Positron beam: Bhabha scattering 

                         annihilation 

e−e− → e−e−

e+e− → e+e−

e+e− → 2γ

DIFFRACTION2010 7 LARA DE NARDO 

L =
∫
L dt = (RLR −∆t ·RL ·RR) · CLumi ·

A

Z
· l ·∆tmeas



trigger live time should not go to LUMI (in my opinion, which I already told Dominik). Otherwise you should also put trigger efficiency here etc.
But I know, that's how it was done ...

is it o, ö or even ø?
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Particle ID efficiencies 
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FIG. 8: The distribution of the total PID value. This loga-
rithmic ratio of probabilities includes the particle fluxes and
the responses of all PID detectors. The left hand peak is the
hadron peak, while the right hand peak originates from lep-
tons. The limits that were applied in the analysis are shown
as vertical lines.
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FIG. 9: Identification efficiency and hadron contamination of
the DIS lepton sample as a function of x. Because correlations
between the responses of the PID detectors were neglected,
the contaminations are uncertain by a factor of two. The
deuteron data have slightly worse efficiencies and contamina-
tions because of the better hadron–lepton discrimination of
the threshold Čerenkov counter compared to the RICH.

D. The Čerenkov detectors and hadron
identification

The threshold Čerenkov detector identified pions with
momenta between 4 and 13.8 GeV. A hadron track was
identified as a pion, if the number of detected photo–
electrons was above the noise level. The contamination
of the pion sample by other hadrons as well as leptons is
negligible.

The RICH detector identifies pions, kaons, and protons
in the momentum range 2 GeV < p < 15 GeV. In the
semi–inclusive analysis reported in this paper a momen-
tum range of 4 GeV < p < 13.8 GeV was used for consis-

tency with the threshold Čerenkov detector. The pattern
of Čerenkov photons emitted by tracks passing through
the aerogel or the gas radiators on the photomultiplier
matrix was associated with tracks using inverse ray trac-
ing. For each particle track, each hadron hypothesis, and
each hypothesis for the radiator emitting the photons,
aerogel or gas, the photon emission angle was computed.
The average Čerenkov angles 〈θ〉a,g

π,K,p were calculated for
each radiator (a, g) and particle hypothesis (π, K, p) by
including only photons with emission angles within 2σθ

about the theoretically expected emission angle θtheo;a,g
π,K,p ,

where σθ # 8 mrad is the single photon resolution. This
procedure rejects background photons, and photons due
to other tracks or the other radiator. Fig. 10 shows the
distribution of angles in the two radiators as a function
of the particle momentum. Based on the Gaussian like-
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FIG. 10: Čerenkov angles associated with the three parti-
cle hypotheses as a function of the particle momentum. The
characteristic angles of Čerenkov light emitted in the aerogel
(n = 1.03) are given by the solid lines. The characteristic
angles for emission in the gas (n = 1.0014) are shown as the
dashed lines. The corresponding histogram entries are exper-
imentally determined angles of a sample of SIDIS hadrons.

lihood,

La,g
i = exp

[
−

(
θtheo;a,g

i − 〈θ〉a,g
i

)2 1
2σ2

〈θ〉a,g
i

]
(27)

a particle hypothesis i = π, K, p with the largest total
likelihood Ltot

i = La
i ·L

g
i is assigned to each hadron track.

Identification efficiencies and probabilities for contam-
ination of hadron populations from misidentification of
other hadrons were estimated with a Monte Carlo sim-
ulation which had been calibrated with pion and kaon
tracks from experimentally reconstructed ρ0, φ, K0

s me-
son and Λ hyperon decays. In the analysis, each pion and
kaon track was assigned a weight ωK,π

i accordingly. The

PID 

TRD 

CERENKOV 
(RICH) 

PRESHOWER 

CALORIMETER 

CONDITIONAL 
PROBABILITIES 

PIDdet FOR 
PARTICLE 
IPOTHESIS 

PID =
∑

PIDdet − log10 Φ

Leptons identified by with PIDcut=0 

:  
fractional contribution of  hadrons above PIDcut 

:  
fraction of  leptons selected with PID>PIDcut  

Φ =
Φhad

Φlep
=

P (Had|p, θ)
P (Lep|p, θ)

Ncorr = Nuncorr ·
1− C(PIDcut)

E(PIDcut)
Correction ~1% 
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hypothesis
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Trigger efficiencies 
H0 

H1 

PRESHOWER 

CALORIMETER 

DIS 
TRIGGER E(TR) = E(H0) · E(H1) · E(PRE) · E(CALO)

:  
Efficiencies are calculated separately for Top 
and Bottom, data production, bin 

Trigger efficiencies 2000 D polarised
any #  of tracks
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Ncorr = Nuncorr ·
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E(TR)
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Charge symmetric 
backgorund 

DIFFRACTION2010 LARA DE NARDO 10 

! meson Dalitz decay  
! photon conversion                    

π0 → γe+e−

γ → e+e−

x  

cs
[%

]
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14
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1

These e+ and e- originate from secondary 
processes 
       Lower momenta  (high y) concentration 
        Correction applied by counting the 
number of  events with charge opposite of  
the beam  

N+,−
corr = N+,−

uncorr −N−,+
cs



make plot bigger? (can't see numbers)



Experimental cross section 
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Yields are corrected for  

       Trigger efficiencies 
       PID efficiencies 
       Charge symmetric background 

σExp(j) =
Ncorr(j)

L



Unfolding Kinematic bin 
Migration 

S(i, j) = n(i,j)
nBorn(j)

Events originating in bin j 
and measured in bin i 

Events in bin j on 
Born level 

σBorn(i) = S′−1(i, j)
[
σExp(j)− S(j, 0) σBorn(0)

]

Background term 

4! BORN MC 

" Simulation of  true cross section 
" No radiative effects 
" No tracking 

FULL DETECTOR MC 

" Detector material (GEANT4) 
" Radiative effects 
" Tracking 

(Same  
Luminosity) 
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Detection efficiencies for high 
multiplicity radiative events 

• The incoming electron can radiate a high energy photon and then scatter 
elastically with the nucleon. 

! Small scattering angle  
! Large probability of hitting the beam pipe,  

        causing a shower and saturating the wire chambers 

• These unreconstructed events are included in the smearing matrix 
• Efficiencies extracted from MC 

Photon: 

DIFFRACTION2010 13 LARA DE NARDO 

this is a hard slide to judge from here without you explaining it. You may lose your audience if you are not very clear in what you (want to) say



Main source of  systematics: 
Misalignment 

IDEAL DETECTOR MISALIGNED BEAM + DETECTOR MISALIGNED 

• IDEAL situation: Perfect alignment of  beam and spectrometer 
• In practice: 

! Top and bottom parts of  the detector are displaced 
! Beam position differs from nominal position 

• Simulation of  misalignment done in MonteCarlo 
• Difference between measured and simulated cross section used 
as systematic uncertainty (~7%) 
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       results F p,d
2

" Agreement in the region of  overlap 
" Data in a so far unexplored region 

0.03 < x < 0.7, 1.1 GeV 2 < Q2 < 13 GeV 2

0.007 < x < 0.05, 0.3 GeV 2 < Q2 < 0.9 GeV 2

GD10: update of  GD07 (hep-ph/0708.3196). Now including HERMES data 
SMC fit: Phys. Rev. D58 (1998)112001 

DIFFRACTION2010 

Normalization uncertainty:  
6.4% (P), 6.6% (D) 
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I guess you are now using the other new plots no red except for HERMES points

colors don't match



Region with no previous data 
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•  HERMES data agree with previous parameterization from SMC and are included in the fit GD10 
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"Newly explored territory" (just to make sure you are not showing a plot without previous data) ;-) 



Region with data overlap 
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•  HERMES data agree with previous data in the same kinematic range 
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how about first showing the agreement with other data (to increase confidence) and then show the "newly explored territory" ?



The Parameterization GD10-P,D 
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σL+T (γ
∗p) =

4παem

Q2(1− x)

Q2 + 4M2x2

Q2
· F2

• 23 parameter fit using the Regge-motivated ALLM (Phys. Lett.B269(1991)465) 

functional form 
•  "2 includes point-by-point statistical and systematic uncertainties 
• Consistency with respect to R=#T/#L 
• Experimental normalizations are fitted 
• Calculation of  statistical error bands 

• Parameter uncertainties decrease by up to 30% (proton) and 40% 
(deuteron) 
• "2 changes from 0.90 to 0.92(proton) and 0.86 to 0.90 (deuteron)  



Cross section  
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mismatch in style



Cross section ratio  
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• Determined on a year-by-year 
basis and then averaged 
• Reduction of  

# Normalization uncertainty 
# many systematic effects 
   (misalignment, PID…) 

The remaining 1.4% normalization 
uncertainty comes from variations 
of  beam conditions within each 
data set. 

HERMES data agree with data from 
SLAC (similar Q2) and data at 
higher Q2 from NMC. 
BCDMS data are known to disagree 
with the other data sets. 

σp/σd

mismatch in style



Conclusions 
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HERMES has measured the structure functions        and   
Data points         agree with previous data in the data-overlap region 
                          add new data in a previously unexplored region 

Fits to F2
p,d world data are performed 

          clear improvement of  parameter uncertainties 

Proton and deuteron are combined to obtain #p/#d  
          large cancellation of  syst. uncertainties on the two targets 

F p
2 F d

2
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PID efficiencies and 
contaminations 
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Dependence on momentum (eff.’s decrease at higher p), production,bin 
Eff> 94%, C<2%  

DIFFRACTION2010 23 LARA DE NARDO 


