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Strategy: Utilize direct photons (γdir-jet) at forward rapidity y~3.3-5 (x~10-6)

!

!
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dependence while the efficiency for a non-direct photon to be incorrectly identified as a direct photon 
is ~3-4% (96-97% rejection).  These numbers correspond to the direct photon discrimination achieved 

with cluster pair invariant mass rejection, 
FoCal-E isolation and shower shape 
analysis.  Including isolation using hadronic 
energy in the FoCal-H improves the signal 
to background ratio by about another factor 
of 2-3 at low Q2 and is imperative at large Q2 
to suppress the contribution of 
fragmentation photons. 

The FoCal direct photon performance has 
been simulated with GEANT3 using the full 
ALICE setup and PYTHIA for pp collisions at 
14 TeV. Studies were made at both the z = 
4 m and z = 8 m locations. To quote some 
sample performance figures for 4>η>3 at z 
= 4 m, and taking 4<pT<10GeV/c to focus on 
the interesting low Q2 region, the efficiency 
for direct photons to be correctly identified is 
in the range of 75% with very little pT 
dependence while the efficiency for a non-
direct photon to be incorrectly identified as a 
direct photon is ~3-4% (96-97% rejection).  
These numbers correspond to the direct 
photon discrimination achieved with cluster 
pair invariant mass rejection, FoCal-E 
isolation and shower shape analysis.  
Including isolation using hadronic energy in 
the FoCal-H improves the signal to 
background ratio by about another factor of 
2-3 at low Q2 and is imperative at large Q2 to 
suppress the contribution of fragmentation 
photons. !
Furthermore the FoCal measures jets and 
direct photons in the forward phase space 
allowing to correlate them with the recoil jet 
reconstructed in the central barrel of the 
current ALICE setup. The complete suite of 
possible measurements includes inclusive 
photons or jets in the forward region, Jet-Jet 
(forward-forward), γ-Jet (forward-forward), 
Jet-Jet (forward-central) and γ-Jet (forward-
central). The unique kinematic phase space 
covered in this setup will also provide new 
precision measurements to advance our 

understanding of QCD processes in this so far unexplored kinematic regime. In addition, these 
measurements will provide new input to study partonic energy loss in the QGP, a cornerstone of the 
ALICE heavy-ion physics program. The unique and new physics enabled by the FoCal upgrade is 
precision measurements to study the onset and properties of cold QCD matter in the gluon saturation 
regime and the predicted Color Glass Condensate (CGC).  The theoretical interpretation of Saturation 
and CGC signals will have to contend with substantial model uncertainties, so a combination of 

Figure 2:  Phase space in x versus Q2 covered by 
various measurements and detectors/colliders. 
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Figure 11: Phase space as a function of x and Q

2 for high-energy collisions as
estimated from leading-order kinematics. Shown is the kinematic reach for p+A
collisions at the LHC and the region studied by DIS and Drell-Yan on nuclei as
well as in d+Au collisions at RHIC [1]. Indicated is also the region studied with
isolated photons and jets by CMS (currently in p+p), and estimates of the reach
of direct photon measurements in LHCb and with the FoCal detector upgrade in
ALICE. An estimate of the saturation scale Q

2

s

as a function of x is shown as the
yellow band.

1.3 The physics case for a forward electromagnetic
calorimeter in ALICE

The measurement of direct photons and neutral mesons (⇡0, ⌘, etc.) at
forward rapidity in a broad transverse momentum range will give access to
unique physics signals in pp, pA and AA collisions at the LHC. As can be
seen in Figure 11, existing DIS and DY measurements are limited to values
of x > 10�2, and measurements in d+Au at RHIC should allow to reach to
values up to x ⇡ 10�4, albeit for very low Q

2 only. Measurements at LHC
have the potential to extend the kinematic reach significantly. Already mea-
surements of isolated photons and jets at high transverse momentum around
mid-rapidity will provide important additional constraints, as indicated for
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Figure 3 Comparison of the LHCb Shashlik tower size 
with individual FoCal pixels. A pair of photons from π0 
decay is superimposed 

!

Study the low-x gluon structure (nuclear PDFs, CGC) in a new
kinematic regime (small x and low Q2) at the LHC (>LS2/3 2020+)

FoCal-E: High-granularity EMCal* (decay photon rejection > 95%) 
FoCal-H: HCal (improved isolation and added full-jet capabilities) 
 *Compact silicon-tungsten (Si/W) sampling electro- magnetic calorimeter with longitudinal segmentation.
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!
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isolated photons and merging decay photons from neutral pions.  Note that the Molière Radius 
of Tungsten is 9 mm so the Si pixel layers allow a very precise imaging of the electromagnetic 
shower. In addition to high resolution imaging of electromagnetic showers, we will exploit 

isolation to preferentially 
select direct photon 
candidates as opposed to 
photons (usually decay 
photons) embedded in jets.  
Isolation cuts can be based 
on the energy deposited in 
the vicinity of a photon 
candidate in the FoCal-E itself 
(this is mostly electro-
magnetic energy) and 
hadronic energy deposited in 
the FoCal-H along the 
trajectory of the candidate 
photon. 

Our preferred preliminary 
Integration design consists of 
the very fine granularity, W-Si 
electromagnetic calorimeter 
backed by a hadron 

calorimeter, located outside the L3 magnet at a distance of about 8 m from the ALICE 
interaction region.  This option would allow high precision direct photon and jet measurements 
in the rapidity range of y~3.3 - 5.4, probing values as low as ∼10-6. An alternate plan, which comes 
at lower integration cost, has the Focal-E located just inside the ALICE magnet and Focal-H just 
outside the ALICE magnet.  This or similar configurations move the rapidity coverage about one unit 
lower with the corresponding reduction in the range of Bjorken-x reach compared to the 8 m position. 
Figure 1 shows a conceptual drawing of a possible configuration with Focal-E and Focal-H integrated 
at approximately 8 m from the interaction point. Studies are underway to evaluate the impact of the 
beam-line related material budget in front of the detectors in this location to determine the largest 
possible rapidity that can be explored.  

In the coming weeks and months, the FoCal group will work to resolve the best integration plan, seek 
LHCC approval and prepare a project TDR.  Test beam activities (discussed below and in the LOI) 
are underway to evaluate and optimize the FoCal-E design.  The FoCal-H design is based on the 
AGS E-864, Pb/Scintillating Fiber hadron calorimeter which was designed and built at Wayne State 
University (NIM A406(1998) 227) based on the SPACAL concept developed at CERN (R. Wigmans, 
Nucl. Instr. and Meth. A 256 (1988) 273).  This is a very well compensated hadron calorimeter which 
is well suited for the high energies encountered in the FoCal acceptance. 

III.  The FoCal Detectors: Performance and Physics Case 

In the brief format of this document, it is impossible to do justice to a discussion of FoCal simulated 
performance so we will focus on a few of the main results. More extensive studies and details can be 
found in the current version of the FoCal LOI: https://aliceinfo.cern.ch/system/files/documents/focal-
loi-1-0-31-jan-2013.pdf. Of course, of all the things Focal will measure, the most important and most 
challenging is the forward direct photon measurement. The FoCal direct photon performance has 
been simulated with GEANT3 using the full ALICE setup and PYTHIA for pp collisions at 14 TeV. 
Studies were made at both the z = 4 m and z = 8 m locations. To quote some sample performance 
figures for 4>η>3 at z = 4 m, and taking 4<pT<10GeV/c to focus on the interesting low Q2 region, the 
efficiency for direct photons to be correctly identified is in the range of 75% with very little pT 

Figure 1: Installation FoCal at 8m location with FoCal-H detector included. 8m

ALICE 

ALICE has 
“real estate” in 
the forward region!
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Physics Performance* (p+Pb and Pb+Pb)
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Expect excellent γdir (RpPb) capabilities 
at y~4-5 at low Q2
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Figure 1: Integrated yield estimates above a p
T

cut-o↵ pmin

T

in Pb+Pb 0-
10% central collisions at

p
sNN=5.5 GeV. Upper panel: Inclusive jet and �

dir

for di↵erent ⌘ bins. Lower panel: Jet-Jet and �
dir

Jet coincidence rates at
forward-forward (F-F) and forward-midrapidity (F-M) (|⌘| < 0.7).
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1 FoCal Jet Rates

To estimate the kinematic reach and integrated yields for �
dir

and jet pro-
cesses in the Focal+HCal we utilized Pythia 6.4 [1] simulations at the par-
tonic level1. The rates are calculated for p+p, p+Pb (at

p
sNN=7 GeV) and

Pb+Pb 0-10% central collisions at
p
sNN=5.5 GeV assuming the integrated

luminosities as shown in Table ??. The integrated yield estimates above a
p
T

cut-o↵ pmin

T

is shown for Pb+Pb 0-10% central collisions as an example
in Fig. 1 upper panel. From that we estimate the kinematic reach, defined
by requiring 1k events for p

T

> pmin

T

, for inclusive jet and �
dir

production
at 3< ⌘ <4. The kinematic reach for all systems is summarized in Table 1.

System
p
s [TeV] pmax

T

[GeV ] �
dir

pmax

T

[GeV ] Jet

p+p 14 35 110

p+Pb 8.8 40 120

Pb+Pb (0-10%) 5.5 60 130

Table 1: Kinematic reach pmax

T

[GeV ] defined by a minimum integrated yield
of 1k at 3< ⌘ <4.

Analogous we estimate the kinematic reach for coincidence measure-
ments �

dir

-jet and jet-jet at forward rapidities (F-F) (integrated over ⌘ =
3 � 5) and forward�mid-rapidity (F-M, |⌘| < 0.7))2, shown for Pb+Pb 0-
10% central collisions in Fig. 1 lower panel, and summarized for all systems
in Table 2.

System
p
s [TeV] Coincidence pmax

T

[GeV]
Type �

dir

-Jet Jet-Jet

p+p 14 F-M 20 > 100
F-F 30 70

p+Pb 8.8 F-M 20 > 100
F-F 30 70

Pb+Pb 5.5 F-M 50 > 100
(0-10%) F-F 50 80

Table 2: Kinematic reach pmax

T

[GeV ] defined by a minimum integrated yield
of 1k for �

dir

-jet and jet-jet at forward-forward rapidities (F-F) (integrated
over ⌘ = 3� 5) and forward�mid-rapidity (F-M) coincidences.

1Pythia simulations including a jet-finding algorithm and comparisons to NLO calcu-
lations will be performed in the near future.

2For these rate estimated we assumed 2⇡ at mid-rapidity (|⌘| < 0.7). For the present
EMCal/DCal azimuthal coverage the rates will be reduced by a factor of approximately
4-5. The current rates would reflect coincidence measurements with charged only jets in
the TPC.

1

4.6 Physics Performance Summary

In the preceeding Sections, we have shown the expected performance of the FoCal
detector for direct photon measurements. At high p

T

, where the signal fraction
(ratio of direct photons to all non-direct-photon clusters) is close to unity or even
above 1, the uncertainties on the measurement are driven by the uncertainty on
the photon detection e�ciency, which can be expected to be about 5% or better.
At lower p

T

, the signal fraction decreases and the measurement becomes more
challenging. The measurement becomes impossible when the signal fraction be-
comes 0.05 or lower, which is the expected uncertainty of the decay background
estimate.

With FoCal-E we can reject up to 97% of the decay photon background using
a combination of ⇡

0 rejection and isolation cuts, thus improving the signal fraction
by a factor of ⇡ 20. This enables the measurement of direct photons at lower p

T

,
from p

T

⇡ 5 GeV/c. The exact p

T

reach at low p

T

depends critically on the direct
photon production rates, which have a rather large uncertainty in this range, see
Section 4.1.1. We have also explored the performance of FoCal at two di↵erent
positions: at 4 m and 8 m location.
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Figure 60: Simulated measurement of the nuclear modification factor RpPb for
inclusive direct photons 3 < ⌘ < 4 (left panel) and 4 < ⌘ < 5 (right panel)
using the prediction from a gluon saturation model as input (see Fig. 9. The grey
bands indicate the expected systematic uncertainties, using signal fractions from
PYTHIA (light gray) and JETPHOX (dark grey)

The implication of the FoCal performance for a measurement of the nuclear
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Figure 9: Nuclear modification factor for direct photons for pPb collisions at 8.8
TeV at the LHC. Predictions for the gluon saturation model from [17] are compared
to di↵erent calculations for isolated photons in NLO pQCD using JETPHOX with
the EPS09 PDF sets. The blue shaded area indicates the uncertainty associated
with the di↵erent error sets of those PDFs, while the orange band is an estimate
of the systematic uncertainty of the CGC calculation.

the observation of this transition from agreement with the predictions of pQCD at
high pT , to a disagreement, which transitions to an agreement with the saturation
predictions, at some low pT reflecting Qs, with the transition occurring at larger pT

(larger Qs) as the rapidity of the measurement increases, reflecting the decreasing
x (as per Eqs. 2 and 8).

Gluon saturation will very likely be visible through its e↵ect on jet production,
or on hadrons as jet fragmentation products. However, in addition to the di�culty
to relate the measured kinematic variables of the final state to those of the initial
state, strongly interacting probes have the additional disadvantage that they are
likely to be a↵ected by final state interactions in cold nuclear matter. This po-
tential problem is illustrated with recent results from the PHENIX collaboration
shown in Fig. 10. The nuclear modification factor for direct photons in central
Au+Au collisions (right) shows no deviation from unity, indicating that no initial
(or final) state nuclear e↵ects are present. On the other hand, the nuclear mod-
ification factor for neutral pions in d+Au collisions (left) shows a suppression at
high transverse momentum. Since initial state e↵ects should be similarly present in
d+A and A+A collisions, the suppression of RdA for hadrons suggests the presence
of final state modifications. This indicates that initial state e↵ects will be more
di�cult to extract and interpret from jet or hadron measurements, in comparison
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Combing γdir-jet and jet+jet measurements 
allows to study the evolution in x and Q2, map 
out the onset, and explore the properties of 
QCD matter in the saturation regime.

Pb+Pb: γdir-jet and jet+jet at forward and mid-
forward rapidity allows to study partonic 
energy loss over a wide kinematic range

 *Simulations with “final” design (EMCal and HCal) and proposed beam-pipe/structure modifications are ongoing!

p+Pb

Pb+Pb
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ALICE has “real estate” at forward rapidity!

Future forward detector upgrade (ALICE FoCal) would 
provide timely (>LS2/3 2020+) and complementary low-x 
physics opportunities for the US Physics Community!

Comprehensive γdir-jet and jet+jet 
measurement program at forward 
rapidities in p+p and p+Pb at the 
LHC allows to study the evolution 
in x and Q2, map out the onset, 
and explore the properties of QCD 
matter in the saturation regime.


