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Mo;va;on

• COMPASS can contribute to global
Δg analysis “a la RHIC”:

• Double spin asymmetries of high‐pT
hadron produc;on cross sec;on at low 
Q2 (quasi‐real photons) 

• To evaluate the applicability of the 
pQCD framework used for the analysis, 
the unpolarized cross sec;on has to be 
evaluated

• Calcula;ons were done for π0 
produc;on so far, but will be updated 
for charged hadron produc;on soon

536 B. Jäger et al.: Longitudinally polarized photoproduction of inclusive hadrons at fixed-target experiments

e+e− data). Although the framework outlined in Sect. 2
applies in principle to the photoproduction of any hadron
species (made of light quark flavors only), we limit our-
selves mainly to the production of neutral pions. These
are most abundant, and the π0 fragmentation functions,
mainly extracted at large resolution scales µ ! MZ from
LEP data, have been shown to work quite well also at scales
of a few GeV relevant here [26].

Since the parton distributions of circularly polarized
photons, ∆fγ , required for estimates of the resolved pho-
ton contribution d∆σres, are completely unknown so far,
one has to resort to some models. For our purposes it is
sufficient to use the two extreme scenarios proposed in [28]
which are based on “maximal” [∆fγ(x, µ0) = fγ(x, µ0)]
and “minimal” [∆fγ(x, µ0) = 0] saturation of the positiv-
ity condition |∆fγ(x, µ0)| ≤ fγ(x, µ0) at the starting scale
µ0 for the evolution to µ > µ0. Both models result in very
different parton distributions ∆fγ at small-to-medium xγ

while they almost coincide as xγ → 1 due to the dominance
of the perturbatively calculable pointlike contribution in
this region. Unless we study the impact of the details of the
non-perturbative input to the evolution of ∆fγ on the full
photoproduction cross section, the use of the “maximal”
set will be implicitly understood. For recent work on the
parton distributions of polarized photons, see [27].

3.1 Single-inclusive pion production at Compass

With the present setup, Compass scatters polarized muons
off the deuterons in a polarized 6LiD solid-state target. The
beam energy is Eµ = 160 GeV, corresponding to a lepton–
nucleonCMSenergy of

√
S ! 18 GeV.Onaverage the beam

polarization is Pµ ! 76%. About Fd ! 50% (“dilution
factor”) of the deuterons can be polarized, with an average
polarization of Pd ! 50% [2]. It is also conceivable to run in
the future with a “proton target” (NH3) which, however,
will have a much less advantageous dilution factor of about
Fp ! 17.6% but a polarization of Pp ! 85%. We will
therefore mainly present results for the photoproduction
of neutral pions off a deuteron target.

Currently, pions can be detected if their scattering an-
gle is less than θmax = 70 mrad. Using η = − ln tan (θ/2),
this straightforwardly translates into a minimal bound on
pseudo-rapidity ηmin ! 3.35 in the laboratory frame, cor-
responding to ηmin

CMS ! 0.44 in the lepton–nucleon CMS
where we have made use of the well-known behavior of
rapidity under Lorentz boosts:

ηCMS = η − 1
2

ln
2Eµ

MN
, (8)

with MN the nucleon mass. Kinematics sets an additional
upper bound on the pion’s rapidity depending on its trans-
verse momentum: ηmax

CMS = cosh−1(
√

S/2pT). As already
mentioned, we will always integrate over all kinematically
allowed rapidities, 0.44 ! ηCMS ! cosh−1(

√
S/2pT).

The momentum distribution of the quasi-real photons
radiated off the muons can be described by the Weiz-
säcker–Williams spectrum given in (6) with ml = mµ and
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Fig. 2. Unpolarized and polarized pT-differential single-
inclusive cross sections at LO (dashed) and NLO (solid)
for the photoproduction of neutral pions, µd → µ′π0X at√

S = 18 GeV, integrated over the angular acceptance of Com-
pass. The lower panel shows the ratios of NLO to LO contri-
butions (K-factor)

Q2
max = 0.5 GeV2. The photon’s momentum fraction y is

restricted to be in the range 0.2 ≤ y ≤ 0.9. At smaller y the
photon polarization is strongly diluted as the unpolarized
equivalent photon spectrum behaves like (1 + (1 − y)2)/y
rather than (1− (1− y)2)/y in (6). We note that the often
omitted non-logarithmic pieces in (6) result in a small but
non-negligible contribution here.

Figure 2 shows our predictions for the pT-differential
cross section for the polarized and unpolarized photopro-
duction of neutral pions, µd → µ′π0X, at LO and NLO
accuracy at Compass. We have set all factorization and
renormalization scales in (2) equal to the pion transverse
momentum, µf = µ′

f = µr = pT. The so-called K-factor,
defined as the ratio of NLO to LO unpolarized (polarized)
cross sections,

K =
d(∆)σNLO

d(∆)σLO , (9)

is depicted in the lower panel of Fig. 2. The results indi-
cate clearly the relevance of the NLO corrections to the
cross section in the small-to-medium pT-region accessible
at a fixed-target experiment, in particular in the unpolar-
ized case. The effects of higher-order corrections are less
pronounced for the longitudinally polarized cross section,
mainly due to large cancellations among the various par-
tonic channels contributing to d∆σ at NLO. The differ-
ent behavior of the unpolarized and polarized K-factors
also clearly indicates that the contributions due to NLO
corrections do not cancel in the experimentally relevant
double-spin asymmetry defined as

AH,N
LL ≡ d∆σ

dσ
=

dσ++ − dσ+−
dσ++ + dσ+−

. (10)

 [Jäger et al., Eur. Phys. J. C44 (2005) 533‐543]
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Mo;va;on

Figure 2: Ed3σ/d3p at 90o and various energies, as a function of pT . Data
are from Refs. [11, 16, 19, 20, 21] and the curves are the corresponding NLO
pQCD calculations with µ = pT (solid lines) and µ = pT /2 (dotted- dashed
lines).

9

• Is the pQCD framework by Stratmann, 
Vogelsang, et al. applicable at our 
center of mass energy (18 GeV)?
Can it be used to extract informa;on 
on Δg from our high pT data at low Q2?

• pQCD does not yet predict cross 
sec;ons for high‐pT hadron produc;on 
at lower center of mass energies 
(experiments systema;cally larger)

• Relevance of all‐order resumma;ons of 
large logarithms in the perturba;ve 
series?
[de Florian & Vogelsang, Phys. Rev. D 71, 114004 (2005)]

• Impact on other kinds of physics
e.g. pQCD calcula;ons for transverse 
spin physics, ...

 [Bourrely & Soffer, Eur. Phys. J. C 36, 371‐374]
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The COMPASS Experiment at CERN SPS

target

spectrometer magnets

60 
m

no dedicated luminosity monitor
op;mized for spin asymmetry measurements

 [Abbon et al., NIM A 577 (2007), 455‐518]
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• Cross sec;on:

• Luminosity:

• Effec;ve integrated luminosity corrected for dead ;me:

Introduc;on

L = (flux of beam particles through fiducial volume in s−1)×
(number of nucleons in fiducial volume per area in cm−2)

L̃ =

∫

time in spill
[L(1−DAQ dead time)(1− veto dead time)]dt

σ =
number of events / acceptance

integrated luminosity
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• Effec;ve integrated luminosity corrected for dead ;me:

• COMPASS beam is delivered from CERN SPS in so‐called spills:
Beam for 4.8 s, no beam for 12 s (numbers for 2004)

• Intensity is rising at the beginning of spill and then becomes stable

• Intensity of beam varies between different spills

• Dead ;mes are rate dependent:
Determine integrated luminosity spill‐by‐spill

Introduc;on

L̃ =

∫

time in spill
[L(1−DAQ dead time)(1− veto dead time)]dt
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Data Set

• 2004 data is chosen for the high‐pT cross sec;on analysis

• Low Q2 data comes from triggers which include hodoscope signals of 
the scapered μ+, and signals in the hadronic calorimeters

• Aqer installa;on of an addi;onal EM calorimeter in 2006, the 
threshold behavior of the hadronic calorimeter trigger has changed:
Acceptance descrip;on for unpolarized measurements has become 
more difficult.

• Around 30% of 2004 data have been reproduced with a newer 
version of the reconstruc;on soqware which is used here.
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Selec;on of Stable Beam ‐ Flat Top

• Start evalua;ng events and luminosity only aqer t1=2 s in spill

• Evaluate events and luminosity only un;l beam falls below 90% of 
average intensity ‐> dynamic cut t2
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run 38303 - spill 102
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Good Spill Selec;on

• “Event number ra;o” ENR:

• green markers: spills retained by 
standard bad spill lists for 
polarized analyses

• red markers: rejected by ENR cut 
for unpolarized analyses

• spills with low ENR: low voltage 
problems on one plane of 
scin;lla;ng fibre detector
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ENR =
number of reconstructed events

number of triggered events
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nominal ENR
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with ENR>0.34 cut: RMS/Mean = 0.018

COMPASS - 30% of 2004
 beam+µ160 GeV/c  

Good Spill Selec;on
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• Beam flux measured by a scaler, which counts the number of signals in 
the scin;lla;ng fibre plane FI02Y in front of target .

• Scaler is read out for each event: Determine flux in ;me window t1‐t2 
(flat top) in each spill

• For luminosity: beam flux through fiducial volume of target 
(geometrical acceptance 65%)

• Possible inefficiencies / dead ;mes in: FI02Y, OR unit, scaler

Beam Flux Measurement

1 cm
1.4 cm

FI02Y 130 cm long target
target filling

μ+
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• The dead‐;me‐free beam flux through the fiducial volume is measured 
from random triggers in 12 runs

•

track time (ns)
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all tracks

tracks with BMS

tracks without BMS

COMPASS 2004

 beam+µ160 GeV/c  

run 38209

Beam Flux Measurement

beam flux =
number of beam tracks through fiducial volume

∆t · number of random triggers

used ;me window:
Δt = ‐1.9 ns .. 1.9 ns
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Beam Flux Measurement

scaler rate (MHz)
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• Beam rate is measured by scaler 
system in each spill

• Systema;cally beper beam rate 
measurement from beam tracks 
in random triggers in 12 runs

• use linear parameteriza;on of 
ra;o to calculate beam rate in 
each spill

• Reason for slope: Dead ;mes
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Beam Flux Measurement

scaler rate (MHz)
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• Beam rate is measured by scaler 
system in each spill

• Systema;cally beper beam rate 
measurement from beam tracks 
in random triggers in 12 runs

• use linear parameteriza;on of 
ra;o to calculate beam rate in 
each spill

• Reason for slope: Dead ;mes

for 2 weeks of 2004 the COMPASS beam was at 50% intensity.
This is half of the used data set used here.
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DAQ Dead Time

• The trigger rate in 2004 was around 11‐12 kHz

• DAQ dead ;me: Frac;on of data taking ;me in which no triggers can 
be accepted because of readout of data from previously triggered 
events.

• Measured by coun;ng the number of trigger apempts and the 
number of accepted trigger apempts with scalers.

• Evaluate method on a run with “DAQ throple”:
A malfunc;oning DAQ computer caused blockages in every other 
spill (very unusual for COMPASS opera;on).
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DAQ Dead Time
Test on run with DAQ throple
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spill number
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spill number
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μ+ Veto System

through both holes in Veto1 and Veto2 a third veto
hodoscope, Vbl, was placed further upstream in
the beam line at z ¼ "2000 cm. Its inclusion in the
veto condition leads to a further reduction of the
rate to 1.4% for the middle trigger. The veto
hodoscopes are segmented into several scintillator
elements: smaller elements with better time resolu-
tion are used close to the beam axis and larger
elements in the outside region.

A drawback of a veto system is the dead time
associated to it. It is given by the product of the

rate of the system, RVeto, and the duration of the
time gate, TVeto, during which the veto prohibits a
trigger signal. The minimal time gate TVeto is given
by the time jitter of both the veto and the trigger
hodoscopes. The segmentation of the veto coun-
ters allows one to select individual time windows
for the different elements to minimize the dead
time. Fig. 22 shows two time spectra of the veto
system with respect to the trigger time, one of them
taken with the veto included in the trigger, the
other one when it was not. The value of TVeto was

ARTICLE IN PRESS

Veto1

Veto'1 

Veto2

Target

Hodoscope 1

Hodoscope 2

µ3

µ2

µ1

z

y

z=-800 cm

z=-300 cm

z=4000 cm

z=4700 cm

Fig. 21. Schematical layout of the veto system. The tracks m1 and m3 are vetoed, whereas the track m2 fulfills the inclusive trigger
condition. In column 2 the outer dimensions and the diameters/sizes of the inner holes are given. The symbol # stands for a circular,&
for a quadratic hole. Vbl is the additional veto hodoscope placed further upstream in the beam line to veto tracks passing through both
holes in Veto1 and Veto2, Veto

0
1 is part of Veto1.

C. Bernet et al. / Nuclear Instruments and Methods in Physics Research A 550 (2005) 217–240 235

[Bernet et al., NIM A 550 (2005) 217‐240]
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• Without the veto system, a large frac;on of triggers would be due to 
halo tracks instead of scapered beam tracks.

• The dead ;me of the veto system is defined as the frac;on of data taking 
;me during which the veto signal is high (duty cycle) and hence no 
triggers can get through.

• The dead ;me of the veto system Vtot has been measured during the 
2004 beam ;me: Compare trigger rates without veto and with delayed 
veto signal. Result: 20%

• Re‐evalua;on of Vtot dead ;me using TDC and scaler readings of veto 
signals:

Veto Dead Time
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Veto Dead Time

gate width (ns)
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run 38303• Vtot is made from logical OR of:
Vi1, Vi2, Vo1, Vbl, and Vud

• Gate width of Vtot is measured  with 
TDC readings of rising and falling 
edges in random trigger events

• Time correla;on of rising edges with 
TDC reading of sub‐system signals to 
iden;fy sub‐system

• Nicely reproduces the gate widths 
of the individual systems as well as 
their mixture
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Veto Dead Time

• Number of veto pulses Nveto in ;me 
window t1‐t2 is read from scaler on 
Vtot

• Sample Nveto ;mes from gate width 
spectrum to get the ac;ve ;me of the 
veto signal

• Normalize to t2‐t1 to get duty cycle, 
and thus dead ;me

• Results consistent with previous 
measurement.
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Veto Dead Time
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Target Thickness

• Content of target is measured aqer the run.
Main nuclear components are 2D, 3He, 4He, 6Li, and 7Li.

• Number of nucleons per unit area: 3.44⋅1025 cm‐2 ± 2 %
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• Very conserva;ve es;ma;on of sources of 
systema;c errors:

• Beam Flux: from spread of points in beam flux 
ra;o
=> 5% on luminosity

• Veto dead ;me: From different measurements 
of the dead ;me during the beam ;me and the 
re‐evalua;on from random trigger data
=> 3% on luminosity

• Target material measurement error
=> 2% on luminosity

• Reconstruc;on efficiency from width of 
nominal event number ra;o
=> 1.8% on luminosity

• Results of integrated luminosity in t1‐t2 ;me window in good spills in the used 
data set (30% of 2004 data) corrected for Vtot dead ;me: 122.6 pb‐1
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with ENR>0.34 cut: RMS/Mean = 0.018

COMPASS - 30% of 2004
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• Results of integrated luminosity in t1‐t2 ;me window in good spills in the used 
data set (30% of 2004 data) corrected for Vtot dead ;me: 122.6 pb‐1
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Conclusion and Outlook

• The luminosity for 30% of 2004 data has been determined for cross 
sec;on measurements with COMPASS data (122.6 pb‐1)

• Data with stable beam and spectrometer condi;ons have been 
selected

• All dead ;mes have been corrected

• The systema;c error is of the order of 10%.

• A measurement of the structure func;on F2 of the deuteron will show 
how good the luminosity value really is. Analysis to be released soon!

• The analysis of the cross sec;on for the produc;on of high‐pT hadrons at 
low Q2 will be released in the coming months.


