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Part 1: An alternative determination

of the LEP beam enerygy

* Why verify the beam energy?
* The standard approach.
* The alternative approach:

- method;

- systematic errors;

- results;

- conclusions.
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Why determine the beam energy accurately?

Accurate knowledge of beam energy (£,) important
for many precision measurements at LEP.

Relevant for measurement of [ L. d+ via Bhabha

cross-section o« 1/£,2 = fundamental to all cross-
section de‘rermma’rlons

Ac 2AE,

s &
Vital for accuracy of m,, measurement—a main
objective of LEP IT program — r'esolu’rlon improved
through

Amy, _ AE,

My E
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The standard LEP energy calibration

Measured at LEP I energies (£, ~ 45 GeV) by resonant
depolarization (RDP).

Relies on ability to generate LEP beams with detectable

Polarization can be when in
phase with spin precession.

At resonance, can infer the "spin-tune”, v:
fprec 9™ 2 . Eb

Frev 2 mc

RDP works up to £, ~ 60 GeV, but fails at LEP II energies (&, ~
100 GeV).

At LEP IT, fit lower energy RDP measurements with £, = a+ bB;
deduce £, from B -field (using NMR probes) at physics energies
— magnetic extrapolation.

Yearly uncertainty on £, ~ 20 MeV; is this reliable?
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The radiative return approach

Select fermion-pair events which exhibit "radiative return to the
Z" (resonant enhancement)...

el f ¢ et v f

L[y
— ’}f«m< — n

e v f : e
..and construct:
Js' = ff invariant mass (f = q, e”, 1, ©°)
= Z/vy propagator mass
= centre-of-mass energy after initial-state radiation (ISR).

/s’ sensitive to £, through energy and momentum constraints in
kinematic fits.

Use events with /s’ ~ m, to reconstruct 'pseudo’-Z peak in MC (
) and in data ( )

Attribute any relative shift between Epeaks to a discrepancy in the
measurement of the beam energy: AE,.

=y
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Hadronic channel:

- Invoke standard hadronic
selection.

- Identify all isolated photons.

- Force remaining system into
jets (Durham scheme).

- Apply kinematic fit without/
with unseen photon(s) along
+z, using jet energies and
angles, and (&, p)
conservation.

- Retain events with exactly
one reconstructed photon
(either in Ecal or along +2).

- Compute /s’ from jet
energies and momenta:

fS - mje'r-je’r'
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Leptonic channels:

Invoke standard leptonic
selection.

Identify highest energy isolated
photon; if no photons found,
assume one along +z.

Treat event as having 3 final-
state particles: 2-€-y.

Compute /s’ from angles alone,
imposing (&, p) conservation:

s siny*+siny,=[sin(x+x,)|

s sinygrsing*|sin(ytyo)|
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- 1997-2000 OPAL data:
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Dominated by radiative-return
and full-energy events.

(a) qqy: high statistics, b/g ~
4 7% under peak — mainly
qge*e (resonant); /s’
resolution ~ 2 GeV.

(b) uruy: lower statistics, but
very low b/g and excellent
angular resolution.

(c) v'ty: low efficiency, worse
resolution and larger b/q.
(d) e*ey: small signal, dwarfed
by #-channel contribution.
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Fitting the peak,

* Analytic function fitted to reconstructed J/s' distribution in MC at known
E, = EMC around 'pseudo’-Z peak.
- Same function fitted to reconstructed J/s' distribution in data, assuming

Events

Events

E, = E,'P (normalization/peak position free to vary).
Monte Carlo
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- Repeat function fitting in data as a function of assumed discrepancy,
AE, = EOPAL- E LEP (= =450, -300, -150, 0,+150,+300 MeV); use peak
position (M*) to characterize overall /s' energy scale. E.g. 1998 data:
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= [ m®=91474H0.053GeV a4 e . [ m®=9L604+0053 GeV E 6 (a) 1997 OPAL data EB (b) 1998 OPAL data

¥ 6 b - 18774 Gey 2 6 [ = 188.04GeV E

g foesis & S, - ~ 919 < 921 ;

5, Frns=io M 2, Fams=13 A

Ca - @ o N = 5‘4:_1|n a E E S _-_--E t

= F B 1 = 7 E * i o

L s w3 22 - o LT + b I e R il

= o Fd ] = k ] + - o

g 0 b P ol 0-.¢-H’...|...- & +'|'

2715 85 95 s g %7 85 95 105 a3 + 5y L7 e
Vs IGeV Vs IGeV - s 1.y — +

i 8 r T T T T ] — 8 r LEN e B N B ] [ + ' \L ‘ '\L'

I;; F m® =91 7324H0.053 GV 7 !;-, F m¥=9L8743+0052 GeV 7 91.‘1 P T TR I Doy 4 91._3 l VI T R koo o o4y

S 6 [re=imuGey 1 8°F ;’g=133-640="' 2 3 -600 -400 -200 0 200 400 -600 400 -200 0 200 400

FPR Lo B W - X 4 AE, ... MeV AE, . /MeV

:-g" % b %, 1 2%t a i E Eeam beam

g E > e 4 22 F ¢ e = 2

B .y g“"u.\t = _(-P'P """'-.,.t: ;}92'-33"'I"'I"'I"'I"';;92-33"'I"'I"'I"'I"'

Eb 0 Eeiea e L Vb (0 i e — @ (c) 1999 OPAL data (3 (d) 2000 OPAL data

= 75 85 95 ws x 75 85 95 105 [} 9215 92,15 +
s" IGeV Vs /GeV ;" " ) ;_'“' ) +

~8 ————————— -~ 8 i = 91.95 { 591.95___________&._._ _____

'%‘ g E m® = 92.01140.052GcV L,; g F m®= 92131401052 GeV 3 T i ; e + o

[ s = 188.94 GeV -3 [ s =189.24GeV r = P

E - s =09 #, . E F s =08 5, 3 78 By LIS +

CRN s 1 B N, s | g il e st

5 g . 3 = E ¥ % 7 55 w 1 55

22 F o - 4 £22F ' “ - I

_...'a: C %’.'V.-.E _é . * ﬁ-\\\.ﬁ: I ol v JJ F

: o b, | 7, 0 PR A B 9135 Lol W1 9135 e byl wWen by,

275 85 95 105 8 75 85 95 105 600 -400 200 0 200 400 -600 400 200 0 200 400
Vs' IGeV Vs' IGeV AEh /MeV AEb /MeV

eam eam

* Extract optimum value of AE, where M* in data matches MC expectation.
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Dominant systematic errors

* Hadronic channel: * Leptonic channels:
Effect Error /MeV Effect Error
Detector modelling 34 /MeV

(jet mass scale 25) prny |ttty e‘e’y

(jet energy scale 17) Lepton angular scale 21 66 24

(photon energy scale 12) Lepton angular resolution 2 4 7

(jet angular scale 9) '

(other 7) Fit parameters 1 4 10
Fragmentation/hadronization 16 ISR modelling 1 7 10
Fit parameters 3 Non-resonant background <1 6
ISR modelling 3 Bhabha/ t-channel <1 3 5
Backgrounds 1 Beam energy spread/boost 2 5 6
I/FSR interference 1 Total 21 67 30
Beam energy spread/boost 1 Monte Carlo statistics 9 34 34
Total 38 LEP calibration 11 11 11
Monte Carlo statistics 5 Full Total 25 76 46
LEP calibration 11
Full Total 40
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Beam enery) measurements

- 1997-2000 OPAL data:
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All qqy data:

AE =+1+ 38 +40 MeV.
All €€~y data:

AE =-2 +62 +24 MeV.

- all data:

- all "1y data:

AE =+313 +175+76 MeV.
- all data:
All data combined:
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Beam energy from radiative fermion-pairs consistent with
standard LEP calibration

= vindication for magnetic extrapolation procedure;

= good news for m,, determination.

Systematic uncertainties 38 (qqy), 21 (u*uy), 67 (v*tv7y), 30
(erey) MeV; cf. ~ 20 MeV error on magnetic extrapolation.
For more info, see Phys. Lett. B 604, 31 (2004).

Standard LEP approach requires circulating beams; not
appropriate for a linear collider.

Radiative return approach independent of accelerator specs —
potential method for measuring £, at a high-statistics future
linear collider: the ILC.

Possibility under investigation...

Chris Ainsley 12 University of Pennsylvania HEP Seminar
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Part 2:  Calorimetry for the ILC

- Why do we need the ILC?
* The physics objectives.
* The calorimeter requirements & how to achieve them.
* The CALICE program:
- overview;
- prototypes & test beams;
- simulation;
- reconstruction.

Calorimeter for Il



The International Linear Collider (ILC)

Widespread worldwide support for Q
an e*e” linear collider operating at
/s =0.5-1 TeV.

August 'O4: International
Technology Review Panel d
recommended adoption of

superconducting (TESLA-like) .
technology for the accelerator. —

electron-posiiron collision

Asia, Europe and North America B
lined up behind decision; agreed to o
collaborate on technical design. e
Timescale for physics set by ILC
Steering Group

- first collisions ~ 2015;

- detector TDRs in 2009;

- formation of experimental

collaborations in 2008.

Much to be done in next 3 years!

linear accelerator

Chris Ainsley 14 University of Pennsylvania HEP Seminar
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ILC/LHC synergy

- ILC will provide precision measurements (masses,
branching fractions, etc.) of physics revealed by LHC:
- properties of Higgs boson(s):
- characterization of SUSY spectrum;
precision measurements of the top quark;
- strong electroweak symmetry breaking;
- much, much more...

Overlapping running of LHC/ILC beneficial to physics
capabilities of both machines (= aim for collisions in
2015).

- Dedicated study group investigating synergy between
ILC and LHC [see LHC-LC Study Group, hep-
ph/0410364 ~ 500 pages!]
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ILC physics objectives

* Many of the "interesting”
processes involve multi-jet
(6/8 jets) final states, as well
as leptons and missing energy. o |

* Accurate reconstruction of
jets key to disentangling
these processes.

whtwo
lcos 6 1<0.8 )
tt 175 GeV

G (fb)
T

- Small signals, e.g. o(ete” — 0} ——F
ZHH) ~ 0.3 pb at 500 GeV.
= require high luminosity. : :
= need detector optimized

for precision measurements _ ]
in a difficult environment. o m a ® w

Vs (GeV)
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Comparison with LEP

10°

°

Physics at LEP dominated by e'e- —>Z &, OPAL

and e*e” —> W*W-; backgrounds not too & 10

problematic. S

Kinematic fits used for mass (e.g. m,) ©10

reconstruction = shortcomings of jet &

energy resolution surmountable. & 10 Z(y)

Physics at ILC dominated by 210 W'W

backgrounds. @, Y

Beamstrahlung, multi-v final states, 1 o

SUSY(?) 1 |

— missing energy (unknown); g PO PR . Reeil L
g energy ( ) 10" 50100120 140 160 180 200

— kinematic fitting less applicable.

Physics performance of ILC depends \s/ GeV
critically on detector performance e
(unlike at LEP).

Stringent requirements on ILC detector,
especially the calorimetry.

Excellent jet energy resolution a must!

== =t MHNEE FENTE SETE SRR e we:
55 60 65 T0 75 80 85 90 95 100
M,,/GeV
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W*/Z separation at the ILC

Jet energy resolution impacts
directly on physics sensitivity.
If Higgs mechanism not realized
in nature, then QGC processes
become important:

ee” — Ve{/eWJrW_ — Ve\-/eQIqu3q4;
ee” - Ve{/ezz — Ve{}eqquq3q4'

To differentiate, need to
distinguish W* — qq, from Z —
qq.

Requires unprecented jet energy
resolution:

o/ E~ 30%/[(E/GeV).
Best acheived at LEP (ALEPH):
o/ E~ 60%/[(E/GeV).
Chris Ainsley 18 University of Pennsylvania HEP Seminar

<ainsley@hep.phy.cam.ac.uk> November 1, 2005


mailto:ainsley@hep.phy.cam.ac.uk

W*/Z separation at the ILC

Plot jet;-jet, invariant mass vs jet;-jet, invariant mass:

LEP detector ILC detector

AE.. = 0.60 2 190 f-BE-=.0.30 MEp ]

o/ E~ 60%//(E/GeV) o/ E~ 30%//(E/GeV)

Discrimination between W*W- and ZZ final states achievable at ILC.

Chris Ainsley 19 University of Pennsylvania HEP Seminar
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1I|’]hli.'i*"_.

Higgs potential at the ILC

If Higgs does exist, probe potential via
trilinear HHH coupling in: e

e'e- — ZHH — qqbbbb.

Signhal cross-section small; combinatoric
background large (6 jets).

Use discriminator:
Dist = (Mp- M12)%+ (M- M3g)2+ (M- Msg)2)V2. €

LEP detector ILC detector
= a) =2°F b)
| | “ B E E==4 signal Measurement
] h | 5 L bclgr: possible at ILC
| ﬂ L 4 with targeted
) & Jet energy
= resolution.
; How can this goal
actually be
& achieved?
Dist i
o/ E~ 60%//(E/GeV) o/ E~ 30%//(E/GeV)
Chris Ainsley 20 University of Pennsylvania HEP Seminar
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The particle flow paradigm

LEP/SLD = optimal jet energy resolution achieved through particle flow
paradigm.

Reconstruct 4-momentum of each and every particle in the event using
the best-suited detector:

- charged particles (~ 65 % of jet energy) — fracker;

- photons (~ 25 %) — Ecal;

- neutral hadrons (~ 10 %) — (mainly) Hcal.

Replace with
= explicit track-cluster associations;

[ o [ [ .
Y ut K, n

e T etc.
Need to efficiently separate energy deposits from different particles in

a dense environment.

Chris Ainsley 21 University of Pennsylvania HEP Seminar
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The particle flow paradigm

Jet energy resolution:

*(Ejer) = *(Ecp) + *(E) + 0*(Eg) * 7 (Econtusion)-

Excellen‘r tracker = 02( ) hegligible.

Other terms calorimeter-dependent.

Expect o(E) = AVE for i=y,hO (* infrinsic

energy resolution of Ecal, Hcal, respectively:
~11%, Ao ~ 50 %).

Smce E = fE. (f,~ 25 °/o fio~10 %)

AL y) = (17 BYE g + A(Eppson))
Ideal case, o(E, omcus,on)

= 0(Ejey) = 17 % Epy.

— desired resolution attainable (in principle).
Readlity dictated by wrongly assigned energy.
Ability to separate E/M showers from
charged hadron showers from neutral hadron
showers is critical.

Granularity (/.e. spatial resolution) more
important than intrinsic energy resolution.

Chris Ainsley 22 University of Pennsylvania HEP Seminar
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Calorimeter requirements

Implications of on

- excellent energy resolution for jets;

- excellent energy/angular resolution for photons;

- ability fo reconstruct non-pointing photons;

- hermeticity.
Need to separate energy deposits from individual particles
= compact, narrow showers;
= small X, and R,,jis. and high lateral granularity ~ O (R,,
Need to discriminate between E/M and hadronic showers
— force E/M showers early, hadronic showers late;
= small X; : 4,4 absorber and high degree of longitudinal segmentation.
Need to separate hadronic showers from charged and neutral particles
= strong B-field (also good for retention of background within
beampipe).
Need minimal material in front of calorimeters
= put the Ecal and Hcal inside coil (at what cost?).

oHére)'
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Calorimeter requirements

» Ecal and Hcal inside coil = better
performance, but impacts on cost.

+  Ecal — silicon-tungsten (Si/W)
sandwich:

- Si — pixelated readout, compact,
stable.

- W Xgid, 4~ 1:25;

= Rygiisre ~ 9 mm (effective Ry, jisre

increased by inter-W gaps) = 1x1
cm? lateral granularity for Si pads;

- longitudinal segmentation: 40 layers
(24X, 0.94, ).

- Hcal » ??/steel (??/Fe) sandwich
(?? is a major open question):
- 27 = scintillator = analog readout

(AHcal), lower granularity (~ 5x5
cm?) — electronics cost.

- 2?7 =RPCs, GEMs, ... = digital readout
(DHcal), high granularity (1x1 cm?) —
count cells hit o energy (if 1 hit per
cell).

Chris Ainsley 24
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CAlorimeter for the LInear Collider Experiment — collaboration
of 190 members, 32 institutes (Asia, Europe & North America).

R&D on calorimetry; working towards of prototypes
in a common framework.

Focus on high granularity, fine segmentation.
Aims to:
- test technical feasibility of hardware;
compare alternative concepts (e.g. AHcal vs DHcal);
validate simulation tools (especially modelling of hadronic showers);
prove (or disprove) the viability of a particle flow detector;
justify cost for high granularity.
Pre-prototype Ecal already (mostly) built; part-tested with

cosmic rays (Paris, DESY) and low energy (1-6 GeV ) e~ beam
(DESY).

Chris Ainsley 25 University of Pennsylvania HEP Seminar
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+ Si/W 3x10 layers; W thickness 1.4, 2.8,
4.2 mm (0.4.X;, 0.8, 1.2.X)).

+ Each layer —» 3x3 wafers.

+ Each wafer — 6x6 Si pads.,

* PCB houses 12 VFE chips.
* 18 channels input to chip
= 2 chips/wafer.

* 1 multiplexed output.

- W Igyéf"'é wrapped in
_carbon fiber.
- Si/W/Si sandwich slots

6x6 1x1 cm? (x0.5 mm) Si pads. \
* Analog signal; 16-bit dynamic range. —

Chris Ainsle 26 University of Penmsylvant® AT
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Ecal prototype electronics

* CALICE readout card (CRC)
based on CMS tracker FE
driver board (saved timel).

- Designed/built by UK
institutes (Imperial, RAL,
UCL).

* Receives 18-fold multiplexed
analog data from up to 96
VFE chips (= 1728 channels
= 6 cards required for full
prototype).

- Digitizes; on-board memory
to buffer ~ 2000 events
during spill.

* AHcal plan to use same CRCs.

Chris Ainsley 27
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PCI-VME interface

x30 layers x6boards | ‘

_______________________________

——————————————————————————————————

//Q
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External
trigger

;i
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Cosmic ray tests

+  Cosmic calibration, Dec. 2004 (LLR, Paris).
+ E.g. of response vs ADC value for 6x6 cm? wafer (36 1x1 cm? Si

. . . .
ads) — Gaussian noise, Lanaau signal (mip ):
L]
4 9
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Cosmic ray tests

e esee Scintillator

X-Z
plane

Wafer

Scintillator

- E.g. of cosmic ray event.
Single Si wafer; full read-out chain.
Triggered by coincidence in
scintillators.
Track extrapolated through Si
wafer.
See clear signal over background.
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Cosmic ray tests

RedHeader::print() Record Time = 17:47:50:737:785 Tue Jan 4 2005, Type = 5= event

° 10 I aye r‘s ass em b I ed , Run 1104860743 Event 133 DagEvent::print() Event numbers in run 0, in configuration 0, in spill 0

Dec. 2004 (LLR, Paris).

- > 106 events recorded
over Xmas (unmanned).
- Signal/noise ~ 9.

- This event: Jan 4,
2005.

EXRAREDN

. |

E R MEDNN
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- Jan. 12,05

Ecal hardware moved to
DESY.
- Jan. 13-14 i
14 leer'S,
assembled = 84 I
wafers total = 3024 Si 'M' M“ L
pixels (1/3 complete). WL {H{nd
. Jan. 17 OTaone
First e- beam recorded, e
triggered by drift = .
chamber(Zgoum sl
resolution). —_—
- Jan. 18 e | S |
This event (6 GeV e):
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<ainsley@hep.phy.cam.ac.uk> November 1, 2005


mailto:ainsley@hep.phy.cam.ac.uk

CALICE test beam schedule

Frorit Endd

Moveable
table

Silicon

Chris Ainsley 32
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10-12/2005
ECAL only, cosmics, DESY.
1-3/2006

6 GeV e” beam, DESY (complete
ECAL: 9720 channels).

9-11/2006
Physics run at CERN, with AHcal.
mid-2007
To FNAL MTBF.
ECAL: 30 layers W+Si.
HCAL: 40 layers Fe +
- “analogue” tiles:
- scintillator tiles;
8k, 3x3 cm2-12x12 cm2.
- “digital” pads:
RPCs, GEMs;
350k, 1x1 cm?.
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* Hadronic shower development poorly understood in simulation.
+ Geant3 (histo) and Geant4 (points) show basic differences.

1GeV 1t* 50 GeV TT*

- Energy v Plane E v r Ecal
E <10 _
1

sz sRiasyRy
- EBEE2EEE888 ¢z

energy in HCAL |

energy in HCAL |

frbr i d B 28

AN RARRRRRRRNRRARN] T T T T
o)
il
o)
&)
o)
|
o)
|
L -

a0 100 150 200 250 300 350 400 450 500

* Need reliable simulation to optimize proposed detector for ILC.

- Use test beam data to critically compare different models.
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Comparing the models

* Compare 63 and G4 (and Fluka) with different hadronic shower models.
- E.g. 10 GeV rn~; Si/W Ecal, RPC/Fe Hcal:

# cells th (nor'mallzed)

E — ECAL
b = E- 110 GeV

11

kA — Ay

.
-Illlllli'llll

oe

response (nermalised)

osf
(%] ==

05:

respon se (normali sed]

2_

o ;
oa" ot a?-“ y&?‘“mﬁ"“ ﬁ*@"@dﬂ s"‘.:‘.g' “”"\ﬂ»

18] g HCAL {with ECAL in front)
7" 10 GeV

1.2

response (normalised)

L &

05;

response (normalised)

| 1 1 1 L 1L 1 L L L]
f«? [ o e :090 AT T L S o aoe
%‘3‘-"‘“&?—:‘*—#?— L“EPB Q;;@gv;'aa aT‘M::r""\ﬁ“ o zf,cw ?nL::odel

Energy deposu’red (normahzed)

110 GeV

— ECAL é

s :h‘,—rlT' — 57"_15 j
ot %f:‘_,‘ev-;iﬁzﬂﬁﬁ\i’w %ﬂ;.ei“ sP-‘; o wga-"“

oro? ‘Wn M model

- HCAL (with ECAL in front) Y pe —

1)
- 710 GeV
1.43— ‘ ' '
12 ™
1 b Yy » ¥V v ¥ hd Ny
os |
us.__.,
I L 1 1 L | L

A T e T o
o e D B T e

* Ecal shows some E/M discrepancies, but general consistent behavior.

- Hcal variation much more worrisome.
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response (normalised)

Comparing the models

- Extend to comparison between RPC and scintillator Hcal alternatives.

# cells hit (normalized)

2 ] | ] 1] ] I 1] ] 1] I 1] ' ] I .
19~ HCAL with ECAL in front) ¥ scint ]
E r10Gev v orme -
1.6 ]
14 Y L / v -
1.2 ' .:;;-._

shower radius (nermalised)

Shower width (normalized)

1 1 1 1 T I T I T I 1 I Ll I

]
HCAL iwith ECAL in front)

f— ?s-:int—_

F T 10GeV y P

s Y | Y ¥ _1
Y v Y o

‘ ' ' & T ‘

* RPC Hcal less sensitive to low energy neutrons than scintillator Hcal.

- Enforces need for

- Guides test beam strategy (energies, statistics, etc.).

Chris Ainsley
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Calorimeter cluster reconstruction

- Reconstruction software
development heavily reliant on
simulation.

- Essential for detector
optimization studies.

- Highly granular calorimeter —
very different from previous
detectors.

- Shower-imaging capability.

* Requires new approaches to
cluster reconstruction.

- Must have minimal ties to
geomeftry.

* Ingenuity will dictate success of
particle flow.
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wtly: Si/W Ecal + RPC/Fe DHcal

True clusters

Reconstructed clusters

XY-Z X-y-Z
Eo.6[ Eo.6[
M [ N[
0.4 0.4
0.2f 0.2f
o e o .,
-0.2 -0.2
-0.4F -0.4F
08 e 08 e
06 04 02 0 02 04 06 06 04 02 0 02 04 06
x/m x/m
E_| E [
28 28
C . a »
2.6 %{' g 2.6 %{'
24F l! 24F l!
2.2 ; 2.2 ;
2 { 2 {
C - ¢ C - ¢
1.8 ﬁ, 1.8 ﬁ,
1601 Ll by s by 1 | el Ly b Ly ey 1 |
06 04 02 0 02 04 06 06 04 02 0 02 04 06

- Black cluster =5 GeV/c =*.
* Red cluster =5 GeV/c vy.

Chris Ainsley
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x/m

« Black cluster matched to charged track.

* Red cluster left over as neutral = y
energy well reconstructed.
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wtly: Si/W Ecal + RPC/Fe DHcal

W =
5 180 v (5 GeV/c) - D09
w - Mean 5.001
160 — .' RMS 0.3227
- [ 2
a0 ’ 22 I ndf 23.14/17
L I u 5+ 0.0
120 — o 0.3062 + 0.0071
100 — | Integral 1000 + 0.0
_ !
80 — |
60 !
C |
40 —
C L
20 | .
C T 'I.'}
D C | | | | | | | -Il’A | | I'I ™| L | | | | | | |
0 2 4 6 8 10
E, .utra | GV (reconstruction)

- 1k single y at 5 GeV/c.

+ Fit Gaussian to energy distribution, calibrated

according to:

E = al(Eca 130+ 3Eeca; 3140) Eecal mip ¥ 2ONcal]:

- Fix factors a, 20 by minimising x2/dof.

« o/fu~14% JGeV.

Chris Ainsley
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I+ (5 GeVic)- D03 2

«*fy (5 GeVlc)- D0D

gﬁl} F Entries 1000 gﬁﬂ - Entries 1000
140f Mean  5.439 140f Mean  5.384
L RMS  0.9963 E RMS  0.9765
120 120
100 | 100
80: — n*lyat= 80:— — n*lyat=
60k — n*ly at 10 em G0 n*y at 5 em
i 40k
: 20f Jl
E a E P | T PR 5 NT T
0 6 8 10 0 2 4 ] ] 10
E ..o ! GeV (reconstruction) E ..o [ GeV (reconstruction)
2 I+ (5 GeVic)- D03 2 "I+ (5 GeVic)- D03
gﬁl} Entries 1000 gﬁﬂ - Entries 1000
140 Mean 5.125 140 L Mean 3.573
RMS 1.65 RMS 2.961
120 120
100 100
8o — 'y at= 8o — n*ly at =
60 — n*fyat3cm 60} — n*fy at2 ecm
40
20
0

[

10 0

8
E,...a! GeV (reconstruction)

2

10

]
E,...a | GV (reconstruction)

1k y with nearby ©* (10, 5, 3, 2 cm from v).
Peak of photon energy spectrum well
reconstructed; improves with separation.

Tail at higher £ — inefficiency in n*
reconstruction.

Spike at £=0 below 3 cm — clusters not

dis‘rir&quished. , ,
hiversity of Pennsylvania HEP Seminar
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wt/n: Si/W Ecal, RPC/TFe DHcal

True clusters

En.6[
] C
0.4

0.2

06 -04

TR B R |
02 0

T |
0.2 04 06
x/m

[

T
gt
P

1.5E
1.6

2-

1.8f

IJB IJ4 IJZ

g__

[ | Bl 1
02 04 08 0.6 -0.4
zim

- Black cluster =5 GeV/c =*.
- Red cluster =5 GeV/c n.
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I
-0.2

ol —‘Em H
B ¥ .“'t.

NP I A
0.2 04 06
x/m

39

Reconstructed clusters

o

1.8

1.6

En.6[
] C
0.4

0.2f

1é ot

u:— :’-Ql'

T |
0.2 04 06
x/m

TR B ST B |
06 -04 0.2 0O

L ‘“‘é C
:— ﬂf. 2

ol —‘Em H
B ¥ .“'t.

E 1 1.8f
K | M T A P T |

0.6 l:l4 uz u 02 04 ﬂli 0.6 -0.4 -0.2 0.2 04 08
zim x/m

« Black cluster matched to charged track.
* Red cluster left over as neutral = n

energy well reconstructed.
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E

neutral | G8V (reconstruction)

0 5 10 15 20
E,...a! GeV (reconstruction)

gw in (5 Gevic) - D9 E-w_ =in (5 GeVic)- D19
@ - GoV/ 3 15 Entries 1000 E 35 E Entries 1000
= C n (5 GeV/ec)- D09 Mean 4.55 E Mean  4.378
g 451 ( ) 30 RMS  2.522 30F RMS  2.678
w C Mean 5.088 25 25F
40 :
- RMS 1.792 20 20F
C 2 — n*ln at = F — r*inat =
35 — X I ndf 76.61/81 15 — n*/n at 10 em 155 m*in at 5 cm
- Ii || " 4.882+ 0.052 t0 &
30 — 5 5F
n || | o 1.605 + 0.045 g
C o of
25 Integral 1000+ 0.0 ° gsn_m,fégv {rec;gstructigg) E“m,fégv {m{:ggstructigrol)
- i
C !
20 — | Zaop In (5 Gevlc) - D09 Z40F *In (5 GeVic)- D09
- | S5k :ntries 313:90 Sast :ntries 3132:
~ F ean . F ean A
15— 3oE RMS 2932 30F RMS  3.103
o r'[ ~ 25F 25L
10 — I F E
= ! 20F 20F
- [’r‘ : 15k — n*ln at = 155 — r*inat =
5 ll' |‘m 3 — n*inat3cm E — n*/n at2 cm
C | 10F 10F
D:II I'ItJI [ B rh*“lhﬂhl I‘i‘l [ R 5; sE
0 5 10 15 20 oF o

10 15 20
E,...a | GV (reconstruction)

1k single n at 5 GeV/c.

+ Fit Gaussian to energy distribution, calibrated
according to:

E = al(Eecar 130 * 3Eecal; 3140)/ Eecat mip * 20Nyicall:
Fix factors o, 20 by minimising y2/dof.

* o/fu~73%JGeV.

* 1k n with nearby n* (10, 5, 3, 2 cm from n).

* Peak of neutron energy spectrum well
reconstructed; improves with separation.

-+ Spike at £= 0 even at 10 cm — clusters not
distinguished.
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wt/n: Si/fW Ecal, RPC/Te Heal

True clusters

2.62—
2.45— .
220 s

- — oty

1.5E
1.60Ls

T T W
0.2 04 06
zim

TN A A
06 04 0.2 O

En.6[
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0.4
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0.2

05 04 02
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]

T |
0.2 04 06
x/m

2-

1.8f

1.6

rl
F':
.

ef “su.M

Clovn 11y
0.6 0.4 -0.2

- Black cluster =5 GeV/c =*.
- Red cluster =5 GeV/c n.
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P I |
02 04 06

x/m

41

Reconstructed clusters

2.62—
2.45— 3
220 e

- — oty

1.5E
1.6 |

FRTS ENAVE |
0.2 04 06
zim

I I R R
06 04 02 O

E0.8|
S
0.4F

0.2F

0

0.2F

05 04 02

1.80

1.6

Ly
0

P AP |
0.2 04 06
x/m

rl
F':
[

oL -mm.!;*:

Cloeoo 1oy
-0.6 -0.4 -0.2

FIE it i
0.2 04 06
x/m

« Black cluster matched to charged track.
* Nothing left over as neutral = n
not reconstructed (i.e. E=0).
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wtly: SifW Ecal + scintillator/Fe AHcal

o
E v (5 GeVic) — D09Scint
> 160
i 160 - ’ Mean 4.999
- | RMS 0.3223
140 .
: | % | ndf 15.33/16
120 ] u 4.991+ 0.010
C ’ e 0.3185 + 0.0080
100 —
O l Integral 1000+ 0.0
80 —
60 — [ |
40 |
— 'J-
20 l
B r \
}
D B | | | | | | | --J ! | | 1 ﬁ | | | | | | | | |
0 2 4 6 8 10
E, .utra | GV (reconstruction)

« 1k single y at 5 GeV/c.

* Fit Gaussian to energy distribution, calibrated

according to:

E = al(Eca 130+ 3Eecal; 3140) Eccat mip + DErica’ Eni

* Fix factors o, 5 by minimising x2/dof.
« o/fu~14% JGeV (as for DHcal).

Chris Ainsley
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+ 1k v with nearby ©* (10,
+ General trends much as for DHcal.

cal mip]'

2

[

=1 (5 GeVic) - D08Scint

Entries 1000
Mean 5.461
RMS  0.9428

— *.f'r'afx:
— n*fy at 10 em

10

8
E,...a! GeV (reconstruction)

2

[

=1 (5 GeVic) - D08Scint

Entries 1000
Mean 5.253
RMS 1.602

— *.f'r' at =
— n*fy at3ecm

10

8
E,...a! GeV (reconstruction)

=9 [5 GeVic) - DO8Scint
Entries 1000
Mean 5.554
RMS 1.15

— "f'r' at =
n*fy at 5 cm

.10.

4 8
E,...a | GV (reconstruction)

2

=9 [5 GeVic) - DO8Scint
Entries 1000
Mean 3.69
RMS 2.998

— "f'r' at =
— n*fyat2 cm

4 ] 10
E,...a | GV (reconstruction)

, 3, 2 cm from ¥).
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g E in (5 GeWlc) - [K8Scint E “in (5 GeVic)  DX8Scint
w = IE 3sf Entries 1000 E 350 Entries 1000
E 45 n (5 GeV/c) — D09Scint 3 Mean  4.701 Mean  4.523
g r sor RMS  2.391 S0 RMS  2.571
w a0l Mean 5.066 25F 250
- RMS 1.666 20F 20F
r +, +,
O 2 1sE — n*inat = 15F — n*inat =
35 C | X I ndf 94.95/76 F — m*/n at 10 em t*In at 5 em
wf m 4.927 + 0.045 °F b
C = sk
- | o 1.38 + 0.03 F F
C 0
- 0 5 10 15 20 0 5 10 15 20
25 C Integ ral 999+ 0.0 E, .. | 8V (reconstruction) E,...a | GV (reconstruction)
= I
20 - g F in (5 GeWlc) - [K8Scint E “in (5 GeVic)  DX8Scint
C ' IE 3sE Entries 1000 E 35F Entries 1000
15 — | F Mean 3.987 Mean 3.158
B | | sor RMS 2924 s0E RMS  3.084
C i 250 250
10 — | F
B 200 200
C | hl 15E — n*inat = sk — r*inat =
5 ,"l I F — n*inat 3 cm — r*inat2cm
C i | 10f 10F
D_}l %1 IR MO hﬂi [ I N (TR SR sE 5E
0 5 10 15 20 o A o E
0 10 15 20 0 5 10 15 20

E / GeV (reconstruction)

neutral

E,...a! GeV (reconstruction)

E,...a | GV (reconstruction)

+ 1k single nat 5 GeV/c.
+ Fit Gaussian to energy distribution, calibrated
according to:
E = a[(Egcai 130 * 3Eecal; 3140) Eecamip * DEica €
* Fix factors o, 5 by minimising x2/dof.
« o/fu~62%J6GeV (cf. 73% JGeV for DHcal).

* 1k n with nearby n* (10, 5, 3, 2 cm from n).
- General trends much as for DHcal.

cal mip]'
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Fraction of events with neutral energy reconstructed /%

nt* /neutral cluster separability vs separation

5 GeV/c ntly

80

70

(=1
(=]

30

20

10

DIIIiIIIiIIIiIIIiIIIiIII
0 2 4 6 8 10 12

n*ly shower-separation fcm

* Fraction of events with photon energy

reconstructed within 1,2,3c generally
higher for DHcal ("D09") than for AHcal
("DO9Scint").
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Fraction of events with neutral energy reconstructed /%

5 GeV/c n*/n
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(=]
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DIIIiIIIiIIIiIIIiIIIiIII
0 2 4 6 8 10 12

*/n shower-separation /fcm

« Similar conclusion for neutrons.
« RPC DHcal favored over scintillator AHcal?
* Needs further investigation...
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+ ILC: an e*e” linear collider operating in the range 0.5-
1 TeV.

Will complement LHC's discover¥ potential by
providing precision measurements.

Requires unprecedented

Achieved Thr‘Olégh combination of
an

Detector optimization relies on realistic simulation
(especially of hadronic showers).

- Needs test beam data for verification.
* CALICE collaboration leading the way.

For more info, go to
http//:www.hep.phy.cam.ac.uk/calice/
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