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The Forward Calorimeter (FoCal)
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The Forward Calorimeter (FoCal)

ALICE
Acceptance: 3
® Very forward calorimeter consisting of two parts (FoCal-E and FoCal-H) B =
located =~ 7m from IP of ALICE 0 B FoCal-E
] I -
FoCal-E (electromagnetic): g | il
® High-granularity Si-W sampling calorimeter combining two sensor =
granularities L N
@ 18 pad layers with silicon pads (1 X 1cm?) T
® Two pixel layers with digital readout (30 X 30um?) o, nSVErSesegmentation <!
® Ability to “track” longitudinal component of shower!

® Used to measure photons and 7" (40um position rec.) E

FOC a I_ H (had ron iC) " Longitudinal segmentation

\ absorber ‘ LG layer m HG layer
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® Conventional metal-scintillator hadronic calorimeter behind FoCal-E

® Design using scintillating fibres embedded in Cu tubes

® Used to measure photon isolation, jet energy etc.




Prompt photon production

ALICE
Compton Annihilation ® Promp’.c pho.tons produced.m hard
scattering via two mechanisms:
| fY _
o' 2) Fragmentation of outgoing parton

(requires inclusion of non-perturbutive
objects)

7 yﬁ\\ . ® Prompt photons sensitive to gluon (n)PDF

\ ® No strong interaction in final state
® Exploration of low-x gluons especially interesting
1
dz P,
o(p,) = —6“(— o s pir) - D25 pp)
Y 7 7 i i
0

a=4,q,8
p,: renormalisation scale, p: factorisation scale, p, fragmentation scale @ Valldlty of factorization?

® Shadowing?

® Non-linear QCD effects (saturation)

= key observable for the FoCal physics program and exploration of the saturation regime!
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Photon reconstruction with the FoCal-E

ALICE

® Detector response to single photons estimated using full FoCal-E module |, ginal segmentation

description of FoCal-E and FoCal-H in GEANT?3

® High photon reconstruction efficiency of about 90%; reduction

to about 80% for > 5.3 due to reduced azimuthal coverage

® High precision measurements with energy resolution of less

absorber LG layer

HG layer

V- \

than 5% for photons up to high energies of 1.5 TeV Pads Pixels
Reconstruction efficiency: Cluster x-y position: Energy resolution
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Prompt photon identification

ALICE
Isolation Shower shape Invariant mass tagging: o oET Sl'g"?l fl:actllonl S
[ IIIIFIoCaIllsImIIatL)nI [ L L I B IR I N S AL I I qh) E_FoCaIsimuIation _§
c imulati = “ FoCal simulation | € “Y9°E FoCal simulation B n - s=14TeV. 4 5 -
o | pp, Vs =14 TeV o W pp, Vs = 14 TeV 3 pp, Vs = 14 TeV 3 I pFE);H\F 250G V/, '<Ig—<0 4 _
S FoCal-E + FoGal-H o 5<piist <8GeVic 1 ©0080F 5 poust _ g Gevie E o Prigo < <V aeV/CIN =1,
10 1—[ clust E O T O N T — 1k ’ =
Q- ol 5 < pi* <8 GeVic 3 Q 4<n<b5 ©ooosk 4<n<5 3 = E E
s I 4<m<d ] S107E -+ signal = % [+ signal i ] - - *ﬂf—ﬁ—
£ 4 —— signal = —+ background - 50020:_+background A i = i 4 _l_
é JH | — background é i R f >_ X Oﬁfiﬁ— -, T
(02 __ : = 0.015F lT f = 107" et o
| _ | | H + 1 cn— : _,_E .o —— S
i w 7 0.01 0:— 4 L _: PrrES B ° ._*0 e o ' i
' | : . 5 I 7«4 dec.rej. +iso |
! 2L _ 0.005 3 Hy - 2] A ' —
M W m N g 7F |© .+ dec.rej(IM+SS)*
1073 b SEREUNEENEENEREE WEE T A I .r|1. Low o bl 0.000E<izieat 1 v T Cl T 5 - isolation -
0 6 8 10 12 14 16 18 20 04 06 08 1 12 1.4 16 1¢ - 005 01 015 02 025 L T —o—Isolation ]
phic (GeVic) g m, (GeV/c?) I | T ncl) selelctlonI .
002 4 6 8 10 12 14
: : Vv
Highly granular pixel p, (GeVic)
layers enable large 7°
reconstruction efficiency .Employed.selectlons.
Decay photons may increase signal fraction
ET sum within cone with produce elongated — tag decay photons by a factor 11!
R = 0.4 allows to showers in pad layers due according to inv. mass
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Physics impact

@ FoCal pseudo-data of nuclear modification factor RpA T
_ _ _ * B pPp — pb_l FoCal simulation |
contructed using input from NLO+nPDF and assumptions on B int INCNLO v1.4 -
C. : 12— pPb __ —1 -88TeV32<y* <48 ]
stat. and sys. uncertainties from perf. studies _ 3im =100 nb !’ﬁuncertaeinties g<iv}én<at 90% CL i
. . . ] ] 10_ ............................................................................ —
@ Bayesian re-weighting of NNNPDF30 prediction showcases -
significant reduction of nPDF uncertainties when including 0.8/—
FoCal data; comparable to D meson measurement by LHCb - .
0.6— ]
- nNNPDF3.0 (no LHCb D° —
/\102_IIII| [ IIIIEIIII|w Ialrl‘ﬂlellS meaSlIIIrl‘ﬁ|mlelrl1ltlﬁ| I T TTITH] : nNNPDF3O (Wlth LHCb DO) :
- i 04— sys. <20 % for nNNPDF3.0 (with FoCal + no LHCb D% —|
Ol ] B pr > 5GeV/c ® | FoCal pseudo data i
~ B ) B T a
Q B central LHC ) 020 I R B é R |1|O| L1 |1|5| 1 |2|O| 1 |2|5| 11 |3|0| L1 |35
N | pT(GeV/c)

10 ® Isolated prompt photon measurements in pp and p-Pb collisions with

FoCal allow to low Bjorken-x ~ 107° in a regime where gluon saturation

IS expected

Q, (By, ® Interesting synergies with future measurements at the EIC!

- ~ T
- ) : Inclusive DIS | SIDIS | DIS dijet | Inclusive in p+A | y+jetin p+A | dijetin p+A
_IIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII xGWW T _ + - — +
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Summary
ALICE

Come and meet me at my poster!

® The Forward Calorimeter (FoCal) is a future calorimeter upgrade | am happy to discuss :-

for the ALICE detector planned to be operational in Run 4 (2029)
i Measuring prompt photon i s
of LHC operation production with the ALICE Forward = s o sse sum sustons s

nuclear Parton Distribution Functions (nPDFs)

Calorimeter (Focal) upgrade e ® presented simulation studies

demonstrate FoCal's capabilities to

® Acceptance of 3.2 <7 < 5.8 allows to access low x ~ 1076 T ST o e

The FoCal detector

® Measurement of isolated prompt photon production in pp and

upgrade to the ALICE detector covering via Compton process (gq — yq)

iy e RS B < < 58 Measurement at forward rapidities
sensitive to gluon (n)PDFs at

p-Pb collisions is a key measurement for FoCal’s physics goal of

oAl 2 s il el e SER Important observable to explore

. . . luon saturation
calorimeter combining two readout technologies: g

Photon does not interact strongly in final state

exploring gluon saturation & constrains for (n)PDFs ot e ey 3 ot oy SRS

Photon reconstruction

Clusters in FoCal-E Energy resolution Reconstruction efficiency

® Detector response to single photons estimated using full

® The shown simulation studies showcase FoCal’'s capability to et W I .

efficiency

B AR CATR R ]

less than 5% for photons up to high energies of 1.5 TeV

FoCal simulation

single v + GEANT3

02 ——35<n<40
——40<y<50
——50<y<55

High photon reconstruction efficiency of about 90%;

identify and measure this observable with high precision! s Rt .

Prompt photon identification

T T
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E, (Gev)

Isolation in FoCal-E+H 7° invariant mass tagging Impact on signal fraction

2 3
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Physics impact
FoCal pseudo-data of nuclear modification factor R,p, Phasespace coverage

] ]
ecent publications:
EM and DIS
L nPDF-+NLO nuclear modification modification factor (R,,) FoCal simulation F A

reweighted using FoCal pseudo-data :,’:EN,ng‘f:vaz(y-dg
= 8. y .

PDF uncertainties given at 90% CL

Inclusion of FoCal photons: reduction of nNNPDF30 [4]
uncertainties similar to LHCb D mesons data [5]

Strong nPDF constrains at forward rapidities

ALICE Coll., Letter of Intent: A Forward Calorimeter (FoCal) in the ALICE experiment, CERN-LHCC-2020-009 St s

[ nNNPDF3.0 (no LHCb D°)

[ nNNPDF3.0 (with LHCb D%

] nNNPDF3.0 (with FoCal + no LHCb D°)
[e_] FoCal pseudo data

ALICE Coll., Physics of the ALICE Forward Calorimeter upgrade, ALICE-PUBLIC-2023-001 e e i st e i T
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