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European Beaver
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CASTOR

Centauro And STrange Object Research
A Cherenkov radiation calorimeter.

Tungsten absorber plates h
Light guides

and + PMTs

/IIJ (7
. \3\\\\““

l

Quartz plates as active medium

sandwiched in y N

Octants in Phi with 2 columns of light guides and PMTs on top.

16 azimuthal * (2 EM + 12 HAD) longitudinal channels = 224 channels
Length: 1.6m, Diameter: 0.6m

0.2 <n<6.6

Good segmentation in Phi, large depth, no segmentation in rapidity.
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Position of CASTOR in CMS

CMS
A Compact Solenoidal Detector for LHC

[ nauon CHAMBERS | [ TrRackeR |
CALORIMETER ‘

CASTOR
5.2 <1 <6.6

CRYSTAL ECAL

Ul
*'i ,'.’! i
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il
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Total weight : 12,500t.

Overall d?ﬂmeler: 15.00m

Overall length  : 21.60m

Magnetic field : 4 Tesla CMS5-PARA-QO1-11/07/97 ILB.PP
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Jets in CMS Hadronic Forward Calorimeter

(3 <n<9H)
X~107

Dijets with at least one jet in HF
CVS note PAS- FWD- 08- 001

2 units in rapidity
»

Roughly 1 magnitude in x

Dijets with at least one jet in CASTOR™

(5.2 <n <6.6)
x~107°
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PDFs at Low x
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151 ZEUS NLG-QCD Fi HERA experiments have measured PDFs down to x ~10
125 - o Strong rise of the gluon
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0.15
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0.1
0.05
hs ~75 7 65 -6 55 E—.s —45 4
6 10g0(x>)
—»- Target low x (10°") region Saturated PDF suppress

and possible sensitivity to saturation DY production by a factor of 2
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Parton Dynamics

Matrix element QCD calculations exist only for up to Next-to-Leading-Order O(Ozi).

Higher order reactions estimated by using approximate calculations,
so called evolution equations.

Different evolution equations resum different terms

in the pertubative expansion.

DGLAP I
(Dokshitzer-Gribov-Lipatov-Altarelli-Parisi) DGLAP r
ladder ordering
Resums terms depending on parton Y

virtuality, resulting in ordering

of virtuality of propagators ~ kt of emitted partons. Hard central reaction

A

Implemented in e.g. the Monte Carlo
generators RAPGAP (ep) and PYTHIA (pp) DGLAP kT
ladder ordering
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Parton Dynamics
Non DGLAP calculations

- NO ordering in k_t of emitted partons

Color Dipole Model (CDM)

BFKL/CCFM Colored objects span color dipoles in between.
(Balitski-Fadin-Kripov-Lipatov)/ Dipoles decays into gluons...
(Ciafaloni,Catani,Fiorani,Marchesini) ....which in turn spans new color dipoles, and so on...
Radiation
Random e emitted
walk in kT randomly in KT
R A LR
o "
Hard central reaction rrIvyy
LR &
Random ) \
walk in k1 - —

No ordering in k7 : Can expect more harder radiation close
to proton remnant (the forward region).
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Parton Dynamics

In ep physics at HERA DGLAP describes inclusive measurements (e.g. F_2) successfully.
but fails for more exclusive final states, for example forward jet production:

o) —¢— Hi
5 1000 E. scale uncert. |m
_ ] RG-DIR(DGLAP) i
N”:' —CDM %r
© -
T Q)
© >
p © IS
5 500 S
T,jet N
DGLAP suppressed: 0.5 < < 5.0 N
Q7 b
Ordering of kt of emissions (DGLAP) are —_————
not sufficient.
Need more hard emissions in

forward region.

0.001 0.002 0 003 0.004
KBJ (Bjorken scaling variable)
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Parton Dynamics

In ep physics at HERA DGLAP describes inclusive measurements (e.g. F_2) successfully.

but fails for more exclusive final states, for example forward jet production:

a —¢— Hi
= 1000 E. scale uncert. |m
_ @ RG-DIR(DGLAP) =
Nm —CDM %‘
O <
~ o
© >
; 3 :
E% 500 3
DGLAP suppressed: (0.5 < et 5 N
Q7 5

Ordering of kt of emissions (DGLABR/ are ——T
not sufficient.

Need more hard emissions i
forward region.

: 0.001 0.002 0 003 0.004
As for example in the : : Xn: (Bjorken scaling variable)
Color Dipole Model (BFKL like scenario). Bj
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Event selection / Physics motivation

2 central jets + 1 CASTOR jet

Central Jets
(Inclusive kt algorithm)
Et> 10 GeV

Forward Jet

proton

Hard jet or particle in forward region,
large rapidity range between central and and forward region

— *Opens up phase space for emissions, higher order reactions
Small > physics
*Possible to apply constraints on parton ladder
*Gain information of the full evolution

=== Tool to study higher order QCD reactions
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Forward Jets in CASTOR

Selection: 2 central jets (—2 < 1 < 2) , 1jetin CASTOR region (5.2 < 1 < 6.6)
with F, > 10 GeV

Hadron level — Generator studies

%“ < 1207
L T L
o = 100
Q9 104 | E -
£ i = 80
— L E -
% 3 R N
5l E 60/
o1 —com b— g -
T = PYTHIA 6.414 : =400
| e e E — +
-6 L
| I11('![('."0I 1115|0]0] I2|0J0]0I IéSbhl JS'IOIOIDJ I3|5|('.|10I Illltlll('.ill]'I .415|0.0. L5|('.i(]'0 = 10|00 15|00 2()'{](] 2;5be w':ﬁobl I.q'()l()l()I I4L5I.‘;|;;j|I l5|000
EHadron Jet (GeV) EHadron Jet (GeV)

The Color Dipole Model — giving a more BFKL like final state —
with partons unordered in kt (with respect to rapidity) —
predicts more hard jets in the CASTOR region.

Both PYTHIA and ARIADNE are run together with Multipartoninteractions Tune A.
(Tune A = One of the R. Field tunes to TEVATRON data.)
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Forward Jets in CASTOR

Forward jet events: How much activity can we expect in CASTOR?

"JET PROFILES™

E - All jet particl ; l i - I
Q [ — Jet parucles . ) E-E—l.
R © o Thdeor [T
@ ! 0 = Out CASTOR - wduns
= 1¢ ~ AH L
L £10°F 4l
z | [ g L] [
z | z L
s’ | w | uHu
Q e A S-S
.F_u - T : + I I
> [ — - )
...... One octant "-h
ﬁ 2 I i i TENERTEN BTSN I I AR B u-u|||||||||||||IJ|||||||||||||||||| -
102 1.5 -1 -05" 0 Agﬁ _ (f) 1(-5 2 2 45 4 05" 0 Ans & 1$ 2
T jet ' part (l) B jet ' part
*On event average ~ 10 particles/most active octant S 5
*On average 100 GeV/particle in octant around jet axis 3 E
S E
N =
DN

— 00—
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Forward Jets in CASTOR

Forward jet events: How much activity can we expect in CASTOR?

"JET PROFILES™

2 C Al jot partic ; i 1
m || — Jet parucles . ) E-E_"'
R © o Thdeor [T
© ! O — OUt CASTOR  seded  fesies:
2 1 = i [
L £10°F 4l
Z | g A is=y
~u B pr - Gt ﬁl_ II :
21 o'k |7 i.ﬁ - ! -|'| I“I“'
Q e R N
.F_u : © - + I [
Q : ------ i I I 'uu:u )
< — One octant "'h
ﬁ _2|| l i o L B b e Illl||||||||||||Ij|||||||||||||||||| -
102~ 45 1 o5 0 Agﬁ _ (f) 1(-5 2 2 45 4  -05' 0 Ans & 1$ 2
T jet " part (b jet "part

*On event average ~ 10 particles/most active octant
*On average 100 GeV/particle in octant around jet axis

In addition no rapidity segmentaion in CASTOR.

— Too much activity to separate particles
and run a conventional jet algorithm
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CASTOR Jet reconstruction

No eta segmentation in CASTOR. Conventional jet algorithm is not possible.

Reconstruct jets by summing energy in most active ¢ i
phi segment (= 2*pi/16) with neighboring segments = CASTOR Jet .@"

- S\Y =
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> 60 o — 4000 : Pos
o o o Oao S = >
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o 2 O 0 "% N
s 1 LI A s
o = 4 o o o[]o o = M
= 2 o o OO - - R .
n < o o[Jo o o < E = e
3z . R T
< E o o - ] .. o [}
g 2 o s .#1' .
ooo0 L . | .
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(] a]
o[Jo o .
0 O o O 0 " l
0 2.0044  4.1888  6.2832 0 800 1600 2400 3200 4000
qjlat Ehadron]eﬂ {GEV)

(MC studies — no detector simulation applied)

In these slides: Everything is “CASTOR jets”, if not else stated.
A more sophisticated jet algorithm for CASTOR exist and is implemented
in the Fast Simulation by the Antwerpen group.
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CASTOR Jets

-Instead of conventional jet algorithm:

“CASTOR Jets”: Jet reconstruction as described earlier
(most active segment+neighbors)

-Particle energy smeared according to test beam data

-Noise cut of particles (E_particles > 1 GeV)

— 250 p ,
% - “CASTOR Jets” % : CASTOR Jets
O 03 ¢ £ 200
o) - :
£ a
~ 10%E = 150/
= - . =
% n; — o -
10° . o 100
© — CDM =L
------- PYTHIA 6.414 ™ ! —+
10°F - O 500
- P B ——
-7_..|....|....|....|....|....|....|....|..-.. L ) . b——— ] | b L
10 1000 1500 2000 2500 3000 3500 4000 4500 5000 1000 1500 2000 2500 3000 3500 4000 4500 5000
Ecastor (GeV) Ecastor (GeV)

== With “CASTOR Jets” we can make measurements that
distinguish between the different QCD models (DGLAP/non-DGLAP).

=P Study made at < 1pb'1 . One of the first topics to be analysis by using CASTOR
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— = _— i“ b
> = “CASTOR Jets” | > CASTOR Jets
¢ 3 P -3 —— ARIADNE CTEQS6L
O 107°E G 10 r
= = = | (e — ——— ARIADNE CTEQS6.5
e SR ap o Q0 |
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1D-6 = = CDM-Tune A z._........... ‘-"-i“- 105 ....... PYTHIA CTEQSBL Rasas e

- rese PYTH - Tune A R " —— PYTHIA CTEQS6.5 (with pdf. uncert)
2L — PYTH-Tune S0 S .
107 e PYTH - Tune SOA . 10
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Sl b b e e e e b S _ it
10 8
1000 1500 2000 2500 3000 3500 4000 4500 50( 10° 1000 1500 2000 2500 3000 3500 4000 4500 5000
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=3 At high energy: DGLAP/non-DGLAP separation >> Difference between MI tunes
=3 At high energy: DGLAP/non-DGLAP separation >> PDF uncertainty/sensitivity
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Mueller-Navelet Jets

» Search for higher order QCD effects. Parton dynamics beyond DGLAP. BFKL effects.

CASTOR has good segmentation in Phi. Make use of it!

Azimuthal decorrelations for Mueller-Navelet jets

At LO: Delta Phi =180

For H.O. DGLAP the momentum conservation between the two jets are expected to be more conserved,
while H.O BFKL emissions expects to give a flatter Delta Phi distribution.

Effect from using unintegrated gluon densities.
Input k_t from gluon PDF > 0. => Delta Phi <180 already at LO

Large rapidity range between jets to open up phase space for more emissions

2

=

% Q=5 GeV,R=1 — An=6
2 18 [ BFKL NLL S4 N —_An=8
= i PR An =10

Azimuthal decorrelation between Mueller-Navelet -
jets at the TEVATRON as predicted by BFKL NLL 14
(C. Royon - DIS2007 proceeding). B

Larger eta separation - > Flatter distribution.

OA_l....L....|....|....|....

- _______________________________________________________|]
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5.2 < Eta(CASTOR) < 6.4

Mueller-Navelet Jets

Selection: Central Jet with Et > 25 GeV + “CASTOR Jet”.

(“CASTOR Jet” defined as most active azimuthal segment (2*pi/16) + Neighbours.)

Larger Rapidity Separation
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Azimuthal Difference
PYHTIA multiplied with 10 for visualisation. (Shape difference best seen on next slide.)
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5.2 < Eta(CASTOR) < 6.4

Mueller-Navelet Jets

Selection: Central Jet with Et > 25 GeV + “CASTOR Jet”.

(“CASTOR Jet” defined as most active azimuthal segment (2*pi/16) + Neighbours.)

Larger Rapidity Separation
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« CASTOR is forward a Cherenkov radiation calorimeter in the CMS experiment.

*CASTOR is a calorimeter without segmentation in rapidity and the particle multiplicity
within a detector segment can be high. Good correlation between energy

deposit in CASTOR azimuthal segments and the jet energy. Possible way to
reconstruct jet energies and azimuthal angle.

«2+foward jet or Mueller-Navelet jet events with with one jet in
CASTOR, gives sensitivity to parton dynamics beyond DGLAP.
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5 TeV beams

Hadron level MC studies — (No detector simulation applied)

Cross-section
“CASTOR Jets”
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— OK! Can expect physics signal for 5 TeV beams
— This study: 250000 events, sigma_tot=5mb => Lumi<<1 pb”-1
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Pt (central jets) > 25 GeV

< 350
® 10%EF -
O 104; 300
10 = T
2 8 250
-g- 10° &
TR 200
T 107 =
B - 150
ol 107
10_8; 100
10°E 50
- E II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
101 1000 1500 2000 2500 3000 3500 4000 4500 5000
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Upper limit on particle energy

Test beam data only < 350 GeV. Assume really bad limitations:

All particle energies above 1000 GeV == 1000 GeV
500

p— e
2 107 “CASTOR Jets” % 4505 “CASTOR Jets”
% 10° & 4005
é 10 Q. 350
o1 10° E 300}
_'g 107 T 2502—
T 107 0 200:
ol -
10° © 150F
& 100F —|—
10° 3
10 | | \ | | | | \ S0 *
107" 000 1500 2000 2500 3000 3500 4000 4500 5000 1000 1500 2000 2500 3000 3500 4000 ‘4500 5000
Ecastor (GeV) Ecastor (G€V)

All particle energies above 500 GeV =——» 500 GeV

S b ‘CASTOR Jets £ 40 “CASTOR Jets”
% 10° 5 £ 400-
g 10%= Q. 3501
W 10°5 = 300
D a0 S 2505
B 1070 0 200F
108 ® 150}
10°F “ 1008 —|—
10" 35661300 200025603000 3500 4000 450" 5000 50: I |—_||_ N —|_—|—
Ecastor (GeV) 1000 1500 2000 2500 3000 3500 4000 4500 5000

Ecastor (GeV)

* The assumption is too pessimistic, but even if it would true we can still do the measurement.
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450 GeV beams

Hadron level MC studies — (No detector simulation applied)

. Shape comparison Cross-section
> 107 ‘CASTOR Jets” | = 10" E “CASTOR Jets”
0 104 ;_ O 10_2 - :“““mé_____"“_
re) g B 103k :
-g 05k 2 10 ey
= E 104 EI_|_|_ I
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— No difference in shape.
— Total forward jet cross-section ~2 orders of magnitude lower for PYTHIA .

— Possibly interesting measurement.
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Forward detectors around IP 5

Hadronic Forward (HF)

N / CMS central detector
||

mrrm | - CASTOR

LT
'''''''''

CMS main track In| < 2.5

CMS main calo
TOTEM 1

HF cal

TOTEM 2
CASTOR

Zero Deg Calo
FP420
TOTEM-RP

T2
FP 420
In| < 3.0
3.1 < < 4.7
3.0 < < 9.0
0.2 < < 6.9 ] Few gaps, good coverage!

D.2<1n<6.6
n > 8.0

420m
147/220m
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