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AsstrACT: The physics motivation, detector design, triggers, calibration, alignment, simulation,
and overall performance of the very forward CASTOR calorimeter of the CMS experiment are
reviewed. The CASTOR Cherenkov sampling calorimeter is located very close to the LHC beam
line, at a radial distance of about 1 cm from the beam pipe, and at 14.4 m from the CMS interaction
point, covering the pseudorapidity range of —6.6 < n < —5.2. It was designed to withstand high
ambient radiation and strong magnetic fields. The performance of the detector in measurements of
forward energy density, jets, and processes characterized by rapidity gaps, is reviewed using data
collected in proton and nuclear collisions at the LHC.

https://doi.org/10.1
088/1748-0221/16/
02/P02010


https://doi.org/10.1088/1748-0221/16/02/P02010
https://doi.org/10.1088/1748-0221/16/02/P02010
https://doi.org/10.1088/1748-0221/16/02/P02010

é h

New physics in
heavy ion collisions

Baryon-rich forward
fragmentation region

Search for strangelets,
penetrating particles,
‘centauro events”

A 4

Physics

p

\

Soft pp physics
Soft QCD
Diffraction

Low-x dynamics

S

4




« E.M. Section:

0 X,

2
 Had. Section:

INt

10 lambda

(7))
e
S .S
Ee N
C
we_
va<
6ea
13..n_lp.
T D
g2y
s 0©
o=
h_
< Qg
o\
N
[ ]



Location

 Embedded in CMS forward shielding, right after
TOTEM /T2

TOTEM T2

CASTOR



Acceptance
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Data and Trlggers

Year \/% Colliding system CASTOR trigger(s)
2009 09TeV proton-proton
2010  0.9TeV proton-proton halo muon
276 TeV  proton-proton halo muon
7TeV  proton-proton halo muon
2.76 TeV  lead-lead halo muon
2011 7TeV  proton-proton halo muon
2.76 TeV  lead-lead halo muon
2013 5.02TeV proton-lead halo muon & e.m. cluster
276 TeV  proton-proton halo muon & e.m. cluster
2015 13TeV  proton-proton halo muon & jet
5.02TeV  proton-proton halo muon & jet
5.02TeV lead-lead halo muon & jet
2016 5.02TeV proton-lead halo muon & jet
8.16 TeV  proton-lead halo muon & jet
2018 5.02TeV lead-lead halo muon & jet

Almost all LHC runs from
Runl and Run2 recorded.

Since 2010: Halo muon
trigger

Since 2015: Jet trigger
In 2013: e.m. trigger
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Example, very forward electron
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* Physics objects with
e.m. trigger in
CASTOR and a low-
multiplicity trigger in
TOTEM /T2

* Important: no physics
nor acceptance
corrections



Efficiency

Example jet triggers

CMS 2015 pp (13TeV)
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Observed jet shape, pp
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Beam-halo muon data
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All-time calibration overview
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Alignment

Measured position (IP side)

80 2 beam pipe
Il reconstructed sensor position

60| 1 CASTOR: measured inner boundary

—40r Offset of far side:
Xx=-4.68+-1.90 mm
y=-2.88+-2.43 mm

CMS 2015

Offset of near side:
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Electron candidates
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* Alignment precision on the level of a few mm, sufficient for most

ahalvses
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Resolution, electrons

Test beam comparison
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Simulations optimized to well reproduce test-beam data.

14



Normalized signal

End-to-end data/MC comparison

pp (13TeV, B=0T)
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Noise studies

—_
o
[\
i

dN/dE [1/GeV]
L3
AL ILRRLLL B IR

—
<
m

§2) C
510_2?
=107k
10*‘2—
10°kE

CMS 2015

—No beam, RMS=0.09GeV
—Beam 1 only, RMS=0.14GeV
—Beam 2 only, RMS=0.09GeV

\IIIIHI| IHIHIIl IIII|I.I.I.| IIIIIIII‘ III||I.I.I.| \IIIIHI| IHIILI.IJ IIIHI.I.I.| IIIT

107
"E)

0O 20 40 60 80 100 120
Energy channel [GeV]

* Noise levels very low: great for tagging
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Measurement of the energy density as a function of
pseudorapidity in proton-proton collisions at /s = 13 TeV
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Centrality and pseudorapidity dependence of the transverse energy density
in pPb collisions at ./syy = 5.02 TeV
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Cross sections, event tagglng
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Study of the underlying event at forward rapidity in pp
collisions at /s = 0.9,2.76, and 7 TeV

N
T

L L LA B B B R B R L B B B B L L L L L B L UL B B B R A L R A B
:_CMS 6.6 <nN<-52 Vs=0.9TeV \s =276 TeV \s=7TeV
- Leading charged jet ®!| < 2

.6 —e— Data

C v EPOS199 ¢ T ==

F == =« QGSJETII-03 - P

: SIBYLL 2.1 e PR
[ — ..~ CASCADE2 | == e

B -""DIPSY o a 20000 memesmmsm=s=oao oy

Y
[e2)

-t
=
T

(dE""/dn)/(dE™/dn)
>

—y
N
T

—

o A S T

- b

o
[

- o
=N o
T TTTTT

MC/data

©
O
T T

o
(-]
1

1 TR B | PR T TR T P T B T | PR T T | I T B I T B P T T | PR P S S TR TR T TR N SR U ST N NN S T T
5 10 15 20 10 15 20 5 10 15 20 25
Leading charged jet P, (GeV/c)

20
https://doi.org/10.1007/JHEP04(2013)072


https://doi.org/10.1007/JHEP04(2013)072

Measurement of the average very forward energy as a function of
the track multiplicity at central pseudorapidities in proton-proton

collisions at /s = 13 TeV
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Measurement of inclusive very forward jet cross
sections in proton-lead collisions at /syny = 5.02 TeV
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Summary

CASTOR has very successfully taken data in LHC Runl and Run2
Unique calorimeter data (e.m. + had) in -6.6 < eta <-5.2

A lot of results produced, data well understood

Well documented

Many more analyses could be done and only depend on renewed interest and
manpower:

http://opendata.cern.ch/docs/about-cms
https://twiki.cern.ch/twiki/bin/view/CMSPublic/ CASTOROpenData2010
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