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HERMES @ HERA

utilized only the 27.6 GeV 
longitudinally polarized leptons

fixed-target experiment with gaseous target internal to storage ring

longitudinally & transversely polarized H

longitudinally polarized D (and 3He)

various unpolarized gases from H, D, … Kr, Xe
2



HERA4EIC, April 10th, 2016G. Schnell - UPV/EHU Bilbao

.

hermes The HERMES Spectrometer
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• Forward acceptance spectrometer: 40 mrad ≤ Θ ≤ 220 mrad

• Kinematic coverage: 0.02 ≤ x ≤ 0.8 for Q2 > 1 GeV2 and W > 2 GeV

• Tracking: 57 tracking planes: δP/P = (0.7 − 2.5)%, δΘ ≤ 1 mrad

• PID: Cherenkov (RICH after 1997), TRD, Preshower, Calorimeter

Gunar Schnell, HERMES Collaboration Warsaw, May 25
th
, 2004 – p. 11/36

HERMES (1998-2005) schematically

3

two (mirror-symmetric) halves
-> no homogenous azimuthal 
   coverage 
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HERMES (1998-2005) schematically

3

two (mirror-symmetric) halves
-> no homogenous azimuthal 
   coverage 

Particle ID detectors allow for
- lepton/hadron separation
- RICH: pion/kaon/proton
  discrimination 2 GeV < p < 15 GeV
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HERMES (2006/07)
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kinematic coverage (DIS / SIDIS)
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C. Multiplicities

The multiplicityMh
n of hadrons of type h produced off a

target n is defined as the respective hadron yield Nh

normalized to the DIS yield. It can be expressed in terms
of the semi-inclusive cross section d5!h and the inclusive
DIS cross section d2!DIS,

Mh
nðxB;Q2;z;Ph?Þ

¼ 1
d2NDISðxB;Q2Þ

dxB dQ
2

$
Z 2"

0

d5NhðxB;Q2;z;Ph?;#hÞ
dxBdQ

2dzdPh?d#h
d#h

¼ 1
d2!DISðxB;Q2Þ

dxBdQ
2

$
Z 2"

0

d5!hðxB;Q2;z;Ph?;#hÞ
dxBdQ

2dzdPh?d#h
d#h: (1)

The Born-level multiplicities, i.e., the multiplicities with
no limitations in geometric acceptance and corrected for
radiative effects and detector resolution, are extracted
from measured multiplicities binned in three dimensions:
ðxB; z; Ph?Þ when the multiplicities as a function of xB are
desired, and ðQ2; z; Ph?Þ when they are to be given as a
function of Q2. Due to the strong correlation of xB and Q2

in the HERMES data (cf. Fig. 2) simultaneous binning in
these two variables would not have an impact on the
extraction. A #h binning has been omitted because of
limited statistical precision. However, a possible impact
of the #h dependence of the unpolarized semi-inclusive
cross section and of the acceptance has been accounted for
in the systematic uncertainties. The three-dimensional
Born-level multiplicites are extracted using correction
and unfolding procedures described later in this section,
which take into account the charge-symmetric background,
trigger efficiencies, exclusive vector-meson production,
kinematic and geometric acceptance effects, and smearing
due to radiative effects. After all corrections and unfolding
procedures are applied, the final multidimensional binned
data are available, and can be integrated over the accepted
kinematic ranges (cf. Tables III and IV) to yield the

multiplicities in a one- or two-dimensional binning in the
desired variables, e.g., the fractional hadron energy z.

1. Charge-symmetric background

Isolated high-energy leptons from charge-symmetric
processes, like the "0 Dalitz decays and photon conversion
into eþe& pairs, can produce a signature indistinguishable
from that of DIS events. This background is most signifi-
cant at lowQ2 and is much stronger for inclusive scattering
than for SIDIS. It is taken into account by subtracting from
the measured DIS or SIDIS event rate the number of
corresponding events for which the leading lepton has a
charge opposite to that of the beam particles. The correc-
tion to the multiplicities is of the order of 1% for DIS and
2% for SIDIS at low z.
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FIG. 2 (color online). Born space in ðx;Q2Þ for the multi-
plicities extracted.

TABLE II. Kinematic variables in semi-inclusive deep-inelastic scattering.

k ¼ ðE; ~kÞ, k0 ¼ ðE0; ~k0Þ Four-momenta of incident and scattered lepton l0

P¼labðM; ~0Þ Four-momentum of the target nucleon

q ¼ k& k0 Four-momentum of the virtual photon $'

% ¼ P$q
M ¼lab E& E0 Energy transfer to the target

Q2 ¼ &q2 (lab 4EE0sin 2ð&2Þ Negative squared four-momentum transfer

W2 ¼ ðPþ qÞ2 Squared invariant mass of the photon-nucleon system

xB ¼ Q2

2P$q ¼lab Q2

2M$% Bjorken scaling variable

y ¼ P$q
P$k ¼

lab %
E Fractional energy of the virtual photon

#h Azimuthal angle between the lepton scattering plane and the hadron production plane

z ¼ P$Ph

P$q ¼lab Eh

% Fractional energy of hadron h

Ph?¼
lab j ~q) ~Phj

j ~qj Component of the hadron momentum, Ph, transverse to q

MULTIPLICITIES OF CHARGED PIONS AND KAONS . . . PHYSICAL REVIEW D 87, 074029 (2013)

074029-5

P!l!h"jp; !" that a particle with momentum p, scattered at
polar angle !, is a lepton (hadron), and the probability
P!Rjl!h"; p" that a lepton (hadron) with momentum p
causes the combined signal R. The PID can be rewritten as

 PID # log10
P!Rjl; p"
P!Rjh; p" $

P!ljp; !"
P!hjp; !"

# PID0 % log10!!p; !": (26)

Here !!p; !" is the ratio between the hadron and lepton
fluxes impinging onto the detector:

 !!p; !" # P!hjp; !"
P!ljp; !" : (27)

The quantity PID0 is defined combining the responses RD
of each detector D used for particle identification:

 PID 0 # log10

Y
D

PD!RDjl; p"
PD!RDjh; p"

: (28)

Under the approximation that the responses of the particle

identification detectors are uncorrelated, the distribution
PD!RDjl!h"; p" of detector D, i.e. the typical detector
response for leptons (hadrons), can be measured by placing
very restrictive cuts on the response of the other PID
detectors to isolate a very clean sample of a particular
particle type [71].

The hadron contamination is defined as the number of
hadrons with PID> PIDcut divided by the number of iden-
tified leptons, and the lepton efficiency is defined as the
number of identified leptons over the total number of
leptons. The choice PIDcut # 1 used in this analysis opti-
mizes the tradeoff between efficiency and purity in the
sample. For this choice, hadron contaminations are less
than 0.2% over the entire x range, and lepton efficiencies
larger than 96%, assuming that the detector responses are
uncorrelated.

C. Inclusive asymmetries

The yield averaged over target polarization state is

 N!x;Q2" # "UU!x;Q2"
Z

dta!x;Q2""!t; x;Q2"#!t"L!t";

(29)

where t is time and #!t" is the live-time factor, which is
typically 0.97 for this analysis; "UU is the polarization-
averaged cross section, a!x;Q2" is the detector acceptance,
"!t; x;Q2" is the total detection efficiency (tracking and
trigger), and L!t" is the luminosity. In the case of double-
polarized scattering this relation becomes
 

N
!)!!("!x;Q2" # a!x;Q2""UU!x;Q2"

&
Z

dt"!t; x;Q2"#!t"L!)!!("!t"

& '1( !%"jPB!t"Pz!t"jAk!x;Q2"); (30)

where PB and Pz are the beam and target polarizations. For
a spin-1 target, Eq. (30) contains an additional term de-
pending on the tensor polarization, and this case will be
treated later in this section.

The measured asymmetry Amk is therefore

 Amk #
N
!)
R

dt"#L
!( % N!( R dt"#L

!)

N
!)
R

dt"#L
!(PBPz ( N

!(
R

dt"#L
!)PBPz

; (31)

where the dependences on x, Q2, and t have been sup-
pressed for simplicity. Since the target changes every 60 s
(90 s) for hydrogen (deuterium) between the two polariza-
tion states, any variation in the efficiencies can be safely
assumed to be the same in the antialigned and aligned
configurations of beam and target polarizations, implying
that they cancel in the ratio if the measurement is fully
differential in the kinematics. In a simulation made with
Monte Carlo data covering a 4$ acceptance, it has been
confirmed that the asymmetry is not significantly affected
by the limited acceptance or nonuniform efficiency of the
detector.
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A. AIRAPETIAN et al. PHYSICAL REVIEW D 75, 012007 (2007)
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data production
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HERMES Data Production Chain
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Raw Data
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HMC
HERMES MONTE CARLO

Slow Control
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EXTERNAL TRACK RECONSTRUCTION

[A. Mussgiller]
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data production
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uDSTs
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analysis framework
uDST data (both experimental and Monte Carlo) 

stored in ADAMO format

contains only reduced data
(clusters, tracks, slow control …)

used for physics analysis

most analyzer use dedicated analysis framework “Hanna”

provides data on event level

available both in C and FORTRAN

a more modular/modern follow-up framework available:
“Hanna++”  entirely in C++ and uses ROOT as basis

7
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infrastructure
HERMES data copied DESY-DPHEP archival system

full archive on tape

uDST data for analysis also available on “online” disk storage

analysis performed on DESY’s bird cluster

hybrid web pages (static and wikimedia pages) for documentation

dedicated mailing lists

dedicated office area at DESY (bldg. 3)

desks and computers available (albeit somewhat ancient)

however, only very few people onsite on a regular basis

8
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polarized-target data sets

9

H 
(longit.)

H
(transv.)

D 
(longit.)

D 
(tensor)

Cherenkov

RICH

RICH & 
Recoil Detector

~2.4M DIS N/A N/A N/A

N/A ~7.3M DIS ~8.7M DIS ~0.7M DIS

N/A N/A N/A N/A

- disclaimer: all numbers not official (and not cross checked;-)
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unpolarized-target data sets

10

H D 3He 4He N Ne Kr Xe

Cher.

RICH

RICH 
& RD

~2.8M 
DIS

~4.5M 
DIS

~0.7M 
DIS

N/A ~1.9M 
DIS

N/A N/A N/A

~8.9M 
DIS

~13.2M 
DIS

N/A ~1.4M 
DIS

~0.1M 
DIS

~3.8M 
DIS

~5.2M 
DIS

~3.0M 
DIS

~58.3M 
DIS

~14.3M 
DIS

N/A N/A N/A N/A N/A N/A

- disclaimer: all numbers not official (and not cross checked;-)
- polarized data not included in DIS yields here
- unpolarized data usually with y<0.85   (polarized data mostly y<0.95)
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guest analyses
possibility of guest analyses already foreseen in general

groups interested in one specific analysis may join (subject 
to approval)

requests to do so will have to be made to the management 
and will be decided upon during a Council meeting

analyses leading to publication in one or the other way need 
to fulfill the same quality criteria as regular HERMES 
analyses

results are to be published as a HERMES Collaboration 
publication with special guest authorship of the outside 
group

11
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publication procedure

12

release - requires comprehensive analysis report and presentation

leads to preliminary results (e.g., shown at conferences)

1st circulation

main physics conclusions and structure of paper fixed

2nd circulation

(hopefully) only cosmetic changes

director’s circulation

final o.k. from DESY and Collaboration

all involve the Collaboration

submission and final revision (after referee reports)
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selected open analyses

13

topic achieved remarks / challenges

DVCS D with 
tagged proton

DVCS H with full kinematic 
reconstruction published statistic; proton tagging

Double DVCS statistic

exclusive pion 
pairs

96-00 data published

rho SDMES 96-05 published large 06/07 data set; possibly with 
recoil detector

omega helicity-
amplitude ratios

omega SDMEs published
rho amplitude ratios partially publ.

large UPE contributions in omega 
production

ALU excl. mesons 𝛑+ cross section and AUT published large data set w/ beam 
polarization, partially w/ RD

AUT excl. K+ AUT excl. pi+ published large asymmetries seen for pion; 
statistics might be a problem
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selected open analyses

14

topic achieved remarks / challenges

hyperons 
photoproduction 

Lambda polarization in DIS much larger data set for quasi-
real photo production 

pi0/eta 
multiplicities

charged pi & K published
pi0 & eta in progress likely insufficient manpower

di-hadron 
multiplicities

input to dihadron SSA 
phenomenology

inclusive dihadron 
ALU & AUT

inclusive charged 𝛑&K  AUT 
published

inclusive hadron 
AUT 

inclusive charged 𝛑&K  AUT 
published

extend to protons, KS

ALU with recoil SIDIS ALU for pi/K/p 
correlate with hadrons xF<0

-> fracture functions
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conclusions

HERMES data preserved and still being analyzed

some important aspects

pure gas targets, longitudinal and transverse polarization

nuclear targets up to Xe

good hadron PID

lepton-beam polarization and both lepton charges available

recoil detector during last two running years

open to new manpower, e.g., as guest authors (in principle foreseen)

challenge: lack or at least severe limitations of existing manpower 
for supervision of new analyses

15
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“productivity” of subgroups

17
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[June 2015 report from Editorial Board]
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