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Today's Menue

* |ntroduction

— e'*e- Linear Colliders:

* \What we expect of a LC
« Some features of LCs

— LC Detectors:
Tracking calorimeters with (almost) no material in front

» Defining the right Linear Collider - 3 Examples

- pinning down the mass of a light Higgs boson
- unraveling a SUSY scenario with small mass differences

- LC Physics Performance: Accelerator x Detector x
Reconstruction & Analysis-Techniques

e Conclusions
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Introduction

« Standard model of particle physics
very successful down to quantum loop
level

* but has important omissions and open
questions, like

- Higgs, mass hierarchy
and fine tuning

- dark matter, dark energy,
quantum gravity

- number of generations,
unification?

=> good reasons for expecting
new physics at the Terascale

=>LHC!
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91.1875+0.0021 91.1874
2.4952 + 0.0023 2.4959
41.540 + 0.037 41.479
20.767 £ 0.025 20.742

0.01714 £ 0.00095 0.01645
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80.399 £ 0.023 80.379
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173.3£1.1 173.4
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Introduction

« understanding the discoveries: 60 f
~ identify kind of new physics jz

- find the theory behind 20l

- and determine its parameters 20 -

10 -

=> high energy frontier <> high precision frontier | . J
102 108 1019 10
« atan et*e- Linear Collider, the initial state is o ?[G‘f"f]l 4

_ Clean | LC/Gigaz

- tunable in energy
— threshold scans

- tunable in helicity
— test chiral structure

Q [GeV]
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Two Linear Colliders on the market

eeeeeeee

E ] NGk ...,.j,,: 5 1
aaaaaaaaaaaaaaaaaaaaaaaaaaaa A
CLIC 3TeV ———
« 90, 200...500 GeV, upgrade 1 TeV  « upto 3 TeV
» technology proven (e.g. FLASH) « technology underdevelopment

« 2007: Reference Design Report (RDR)
e 2009: Letters of Intent (Lol)
e 2012: Technical Design Report (TDR)

« 2011: Conceptual Design Report

« 2013: Project Proposal _, dedicated seminar
Today: Focus here in November....
— more studies done
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Some features of high energy e*e- colliders

« Elementary particles collide _e'e Pairs
— well defined collision energy Eqp

— well defined polarisation @ Q
Important:

must be able to choose E), continuosly

B t h|
« need high luminosity O(1034cm-2s-1) eamsirahiung

— focus to O(nm) beam size oan | dL/dV's B Linac AE
— Beam beam interaction:
ws | Beamstrahlung ’J /
- e*e- pair background o Ny , ]1
— tail in beam energy spectrum 1 . o

“beam strahlung”
- effect on polarisation: ~ 0.2% (ILC) .... 5% (CLIC)

* bunch spacing: ~330 ns (ILC) ..... 0.5 ns (CLIC)
=> some detector components will integrate over several bunch crossings
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ILC — still several flavours...

et Linac
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On the way from the
RDR to the TDR:

* Are we planning the
most “cost effective” machine
which is able to reach the
physics goals?

» half the number of bunches
— half the RF

— recover lumi by stronger
focussing

 position of e* source
— P(e*) decreases with E(e)
— N(e™*) increases with E(e)

=> study various scenarios of
P(e*), luminosity, beam energy
spectrum, backgrounds

J.List
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An ILC Detector

» two proposals: ILD & SiD

 All-Silicon tracking with
4Tesla B-field (SID)

 Or: TPC + Si tracking
with 3.5T B-field (ILD)

e for issues discussed
today, the differences
are not substancial

=> Focus on ILD here
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An ILC Detector

6990

» two proposals: ILD & SiD

 All-Silicon tracking with
4Tesla B-field (SID)

 Or: TPC + Si tracking
with 3.5T B-field (ILD)

e for issues discussed
today, the differences
are not substancial

=> Focus on ILD here
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Some features of an ILC detector

almost no material in front of
calorimeter
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Some features of an ILC detector

 almost no material in front of

calorimeter: ‘_>
- ~10% X, in barrel S Lo
- ~30% X, in endcap =
« momentum resolution 10x better t5_1 02

than LEP — g4, = 2:10-> GeV-'

-3
PandoraPFA v03-00 10
I L L L I L L L i

>1.2_' — 1t [ Tt Tt Tt [ T T T
* 45GeVJ .
QO b Z-uds > 100 Gev Jets 7 4
W r v 180 GeV Jets $ 10
08 o = 250 GeV Jets _+:
S ] 10.5 Ll PR BN
S S 1 10 102
oaf e Tt Momentum/GeV
S P S S . .
02 — 3 ¢ 3%...4% jet energy resolution
b ]  excellent flavour tag
0 0.2 04 0.6 0.8 1
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Some features of an ILC detector

e almost no material in front of " g

calorimeter: > L8=7

- ~10% X, in barrel Q 10 g:gg E

- ~30% X, in endcap g ‘ "g=85 |

 momentum resolution 10x better g 3
than LEP — g4, = 2:10-> GeV-!

>12 [~ + 1 v 1 v 1 v "7
[4h) i
E L Z—uds
~038 -
w [ 2
€06 +— 10
g e e 7 Momentum/GeV
02 — ¢ 3%...4% jet energy resolution
of . L . » excellent flavour tag
0 0.2 04 0.6 0.8 1
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Defining the right Linear Collider

Neutrino,
B-factories

@vatrob

Running
Scenarios

21.9.2010 J.List 13



Example 1

Model-independent Higgs mass
measurement
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Profiling the Higgs Boson

 Reminder - the precision Higgs physics menue:

- decay-mode-independent observation

- decay-mode-independent mass (50 MeV)
- total width (model-independent)

- absolute couplings (Z,W,t,b,c,1) (1-5%)
- spin, CP

- top Yukawa coupling (~5%)

- self coupling (~20%, 120-140 GeV)

- I, at photon collider (2%)

] 2 +30% :—rhfcft*tfwiziH{
=> fully establish £ . — _
nggs_mec_hanlsm oven e ———— I
& distinguish R - L

d e I S -20:;0 B Model Independent Analyses
mo - [ 2HDM/MSSM
21.9.2010 J.List
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Profiling the Higgs Boson

 Reminder - the precision Higgs physics menue:
- decay-mode-independent observation
- decay-mode-independent mass (50 MeV)
- total width (model-independent)
- absolute couplings (Z,W,t,b,c,1) (1-5%)
- spin, CP
- top Yukawa coupling (~5%)
- self coupling (~20%, 120-140 GeV)
- I, at photon collider (2%)

. g o |- n@®c @4 ™ | LOTO @z
=> fully establish % . = Lo |
. . UEJ +10% cosa/sin g +10% . . —

Higgs mechanism £ .., e — £ e [Iggs/Radion mixing I
& distinguish § o S SR I

-20%  [—Sinalcasp————&— -20% = — e

30% | Mod s | hd hd -
models [ 2HDM/MSSM~ ™ | -
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Model-independent Higgs mass measurement

@ PhySiCS Case Astro / Cosmo
Gt e
I

Neutrino,
B-factori
— actories
Tevatron
e which beam energy? Machine

« beam energy spread ?
vs detector resolution?
e how much lumi needed?
* how much real time
needed?

Detector & « Backazouod

beam energy precision,
umi vs beam energy,
backgrounds

momentum resolution

* Hermeticity

* Tau reconstruction
« Analysis techniques @

|
21.9.2010 17



Higgs recoil mass

 most precise and
model-independent technique:

MPEI: Mfﬁﬂﬂﬂ :‘@*@%

e precision depends only on
- lepton momenta — tracking
- knowledge of s — ISR,
Beamstrahlung

but not on Higgs decay!
o Ecp? Near threshold:

- largest cross-section o L T

- Z at rest — leptons "slow" ' :
0 b g e gl vy by by s lag o

- less ISR / beamstrahlung 200 250 300 350 400 450 500

el ___ _Ns(GeV)
21.9.2010 J List 18



Results for an “RDR ILC” (with 250fb-! @ 250 GeV)

— AT T ]
QY - H.L | —e— Sig+Bkg .
S 120 ohyeis Mowated Funcaon  —— Sig E
% 100 b — Fit to Sig+Bkg -
§ 80 | u-channel ™= MittoBkg -~ =
L B Mu = 120.001 GeV  37MeV >
60 3 50/0 = 3.3% E

3 dominated by what? .

40 = ominated by what? :

) e s . =

120 130 140 150
MI'ECOil (G eV)
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Detector resolution or accelerator?

 beam energy spread & E o [ o L .
beamstrahlung s sowo
=> beam energy spectrum O E T o 3

e compare Higgs recoil mass at "
generator level and after ol

. SN L il L .
reconstruction 0.9 0.95 1

_ Ecm/EcmO

=> for My = 120 GeV, Ecy = 250 GeV: 3 o F J irchamtl ooy 2
] . . E E_ G(-enerator Level i _:
 width of recoil peak dominated 2 **f /5 widh=SOMY
by beam energy spreaa CE T Uncor MmO o
“F beams are the dominant

r ~ 650 |\/|eV - 1, source of statistical error.
rec 01F .
\/5602 T 3302 IVI V F | : /I\t Ecm=250GeV ]

~ |beam |det €V o" 120 130 140 150

IVlrecoil (GeV)
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What about systematic uncertainties?

e can be controlled using ZZ->p*y- ff:
l.e. syst. error on My, given by ZZ statistics

e Di-muon invariant mass
controls tracking & muon ID

1 | 1 1 1 1 1 1 1 1 1
85 a0

g5
M, (GeV)
’%:E A IH.ILi_f
e Z recoil mass “ ook M, ecoi=28MeV ]

controls center of mass energy
and radiative effects

| L L L ] L L L | 1 L
80 100 120
M__, (GeV)

=> 5Myy ¢y = 30...35 MeV  (C.f. SMyy g1t = 37 MeV)
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Higgs threshold data are 'expensive’

» data not useful for other important studies (it, NP, ...)

e luminosity decreases at lower Ecy, 25—
+ 250fb-" takes with RDR ILC: kil
~ 1 year @ 500 GeV A o /

~ 2.5 years @ 250 GeV

« depending on its position, 0.5 >
the positron source might ) | | |
be less efficient 200 o Ao 500

* in addition: alternative beam parameter sets could save
construction costs but would lower the luminosity even further -

worst case: 250fb-1 @ 250 GeV ~ 10 years

=> can we do it at higher energy, e.g. the tt-threshold ?

* higher luminosity
 do top physics and possibly some BSM simultaneously

21.9.2010 J.List 22



How crucial are the Higgs threshold data”

. 300fb-! @ 350 GeV

: > s H. Li, M.Berggren
~ 2 years with RDR ILC Orooo . I  Ecm=350Cev N
g - A — Generator Level
o
 /Z decays boosted, 4000 |- — FastSimuaion
l.e. higher lepton momenta g | | it of e T
=> dM,, increases by factor 2 =~ “2000 | 7~ MomentumResolutor
now dominated by . .
momentum resolution! P 130 140 150
IVlreccnil (GeV)

* add other cost saving proposals, plus systematics
=> 0My = 50 MeV (RDR, 250 GeV, 2 years)

oMy = 150 MeV (SB2009 w/o TF, 350 GeV, 2 years)

o) For mass measurement, Higgs threshold data
cannot be replaced by higher E!
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"Take home message” from Higgs mass studies

21.9.2010

Simulating accelerator effects /s important

Make sure that luminosity is high enough at all Eq

Only the luminosity inside the peak counts
Beam energy spread is finally limiting

Discussion on best solution is ongoing now -
decisive suggestion for improvement:

Double the train repetition rate from 5 Hz to 10 Hz at
low ECM?

Watch it!
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Example 2

Understanding a SUSY scenario
with small mass differences
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SUSY with small mass differences

Theory | « Neutrino,

B-factories

Tevatron ‘

* how important is polarisation?
* how much
beam background
can we afford?
*which beam energies
are needed

Machine

» Backgrounds

« Efficiency, stability
Range &

precision of:

Backgrounds,
Polarisation

Detector &

Hermeticity,
T reconstruction

° PO T e
angular resolution
* Hermeticity

* Tau reconstruction
 Analysis techniques
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Sample scenario: SPS1a’

» very close to best fits to SM data G **°° YR b
in CMSSM / MSSM18 > e E Rt
22000
 small AM(t4,x%) = 10.2 GeV S

=> typical signature:

soft T-leptons + missing momentum

=> prone to backgrounds!

£ 1500

1000

E ;EE ?_Eur.Phys.J.064:3914‘I5,2009 :}.9 § 0 500 1000 1500 2000 2500 0
O s00F 0.8 ~ my [GeVIc?]
= oz Measurement Strategies
£ 20F 06 Continuum 500 GeV:
E jzz_ SPS1g" Ei - get overview
03 - Masses from edges,
100F 1 “a 00 x-sections from rates
“F 0.1 mixing angles, ...
0100500 3000553500 ~ Which helicity configurations?
m; [GeVicT] « Scan as many thresholds as necessary
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Detector and accelerator interplay

Background in trackers:

— fake tracks from bkg hits
— real tracks from bkg particles
=> effect on reconstruction of T-decays?

Background in forward region:

=> effect on low angle electron veto
against gamma-gamma events?

Beam energy spectrum:

=> deterioration of 1 energy endpoint?

Polarisation:

- signal to background ratio
- distinguishing SUSY channels

Background Tracks/Event

W, PRI

o
w

o
N
T

o
.Y
T
|

ILD LoI

- Tagged BX++

N S T =
-1 -0.8 -06 -04 -0.2 0 0.2

Iogm(p T/GeV)

ArXiv:1009.2433
A5 : §H I-Sﬂ : ] 1] ; 1H-I 1680
X, mm
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Results for 500fb-1 @ 500GeV, RDR ILC

_ 5 10° F Phys. Rev. D 82, 055016 (2010)3
T1- +0.14 - :
k2 10 E
M; = 107.731002 - 0My GeV :
10
g - Phys. Rev. D 82, 055016 (2010)] B
o °00[ 0 20 40
5 | EC [GeV]
Q 200 B T2. + X D

200

M, _ ;,1 18-@-{,@ GeV

» ._
: 492%
0 50 100 o

E.. > GeV]
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Intermezzo:
Realistic reconstruction & analysis does matter

e pattern recognition and track fitting have to be able to cope

« additional soft tracks: spoils simplistic T-finding
=> switch to a real experiment's 1-finder (DELPHI)

=> reconstruction and analyses need to be done with a realistic level of
detail to get realistic answers!

TPC hits for tt-event + beam bkg tracks feund-by-patrec
~ | before and after topological cleaning T~

S. Aplin
21.9.2010 J.List 30




Varying accelerator parameters

Time for reaching RDR (=case 1) precision:

~

'

e case 2: more beam

_ — T4, endpoint
induced background 4| === T4 cross-section
(ala SB2009 TF) ' — Ty, endpoint

=== T, Cross-section

e case 3. reduced positron

polarisation
(33% — 22%)

e case 4: increased

beam energy spread
(0.16 — 0.21 %),

more beamstrahlung,
l.e.reduced luminosity
within 1% of nominal '

M. Berggren |

energy (0.83 — 0.72) I 15 2 25 3 35 4 45 5
Case

o)

Time needed to get RDR value
N

1o

e case 5. even more beamstrahlung (SB2009 w/o TF)
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Does this matter?

Ex: study of a similar SUSY scenario: SPS1[arXiv:hep-ex/0211002]
(N.B.: this is just mSugra... the real stuff will be more complicated!)

e consider continuum running plus all parameter SP51
necessary SUSY threshold scans mo 100 £ 0.08 GeV
(not counting Higgs threshold run!) mi/2 250 + 0.20 GeV
=> with an RDR ILC, after more Ao 0+13 GeV
than 6 years of running: tan 3 10 £0.47
* need 1.5...1.8 x more running time @ 500 GeV,
even larger factors at lower energies......
Year
0 4 6 8 10 12
500 Explore jat the highest b nergy

Collect data to achieve significant precision

£ 285 Smuon threshold
S 350 | Top| selectron, neutralino thresholds
500 RDR Achieve ultimate precision
270 Neutralino and stau|th.
410 | J.Brau Stal and smoun thresh.
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Does this matter?

Ex: study of a similar SUSY scenario: SPS1[arXiv:hep-ex/0211002]
(N.B.: this is just mSugra... the real stuff will be more complicated!)

e consider continuum running plus all
necessary SUSY threshold scans
(not counting Higgs threshold run!)
=> with an RDR ILC, after more
than 6 years of running:

parameter SPS1
mo 100 £+ 0.08 GeV
1 /2 250 = 0.20 GeV
Ao 0x£13 GeV
tan (3 10+ 0.47

* need 1.5...1.8 x more running time @ 500 GeV,

even larger factors at lower energies..

=> pay attention that you get the right Linear Collider!

LHC / ILC comparison at SPS1a [Phys.Rept.426:47-358,2006]

SPSla StartFit LHC Aruc LC Apc | LHCH+LC Appgcosrnc

1m0 100 500 | 100.03 4.0 | 100.03 0.09 100.04 0.08

My /9 250 500 | 249.95 1.8 | 250.02 0.13 250.01 0.11

tan B 10 50 9.87 1.3 998 0.14 9.98 0.14

Ag -100 0| -99.29 31.8 | -98.26 443 -98.25 413
21.9.2010 J.List 33




Next steps

» studies of many more physics examples in progress
 available soon: similar studies for CLIC

 discussion of accelerator parameters is ongoing

=> find the most cost effective design
which allows to reach the physics goals!

» don't forget:
meaningful comparison of detector / machine options
needs appropriate reconstruction & analysis techniques
=> continue with one example for recent developments
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Example 3

Kinematic Fitting in the
presence of Initial State
Radiation and Beamstrahlung
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Kinematic fitting

Astro / Cosmo

@HeS

Physics Case

* SM precision
Theory | * Higgs Neutrino,
* SUSY, dark matter I B T ;
Tevatron
Machine
getectotr & f Running « Backgrounds
econstruction ' « Efficiency, stability
* Track efficiency Scenarios Rangg &
* Momentum resolution precision of:
* \ertexing / flavour. tag = ;

Analysis technique
Jet energy resolution

Beam energy
spectrum
Real life V

\
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Improved treatment of Beamstrahlung ?

 Beamstrahlung...

— creates e*e- pair background

- reduces the effective statistics
(events from low energy tail don't contribute to peaks,edges, ...)

=> if amount of radiated energy could be determined with sufficient precision
on an event-by-event basis, effective luminosity could be recovered!

* Problem: radiation dominantly along beam axis — not measured!
» |dea: use kinematic constraints:

- perform kinematic fit of all measured particle momenta...

- ...and a “photon” || z-axis, with Ev =0, and 6EY according to
the (known) probability density function of E,

- apply energy and momentum conservation constraints

=> can we reconstruct the correct photon energy?
21.9.2010 J.List 37



YeS, we can! [arXiv:1006.0436, accepted by NIM A]

o ¢ tested one*te- — 4 light jets
Im in full ILD simulation

—60

* kinematic fit with
4 jets and 1 photon

> e jmposing 2E = 500 GeV;
pr,y,z =0; Mqp = Mg,

T e ® ) | Mean:-1.031
-200 0 200 @ 6000 ean: -1.
p¥" [GeV] L0 RMS: 3.095
Z, o
 the complete range of photon £ 4000 -
energies can be reconstructed 2 :
« with a resolution of 3 GeV 2000¢ L
=> ~ 2x better than expected 0 b
from Eqp-2E -20 10 20
CM jet Ap T[GeV]
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Recovering luminosity

> c) Good Fits: 31 % E - d) Good Fits: 52 %
Q) - . my, = 81.33 +£0.02 - o my, =81.17 £0.01
g 1000 f_ 5C flt! 4] = 1.30+0.02 g 1000 f_ 5C flt’ 4]+Y c= 1.35+0.02
£ : same resolution, *% :
> : 30% more events / > :
" 500 500 |-
0_.........4L - e 0:4....J_HJ,L PRI S T I N SR WS i i
60 70 80 90 100 60 70 80 90 100
m [GeV] m; [GeV]
= F
: : C . g g 900F 2 E s > 30 Ge
« Photon consideration in kinematic fit @ sl et it
~30% of lumi it g for events with . 41
@ 600 3
* not yet used in any physics study #_ 5 Eig +E, fited
— apply to Higgs, tt, WW, ZZ, ... 400
300—
 tested now on ILC samples - 200F-
impact for CLIC? "

0736

Energy of unfitted jets (+ fitted photon energy) [GeV]
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Conclusions

An ete- Linear Collider is essential to complement the LHC at the
high precision frontier

Physics case and conceptual designs have been established
more than 10 years ago — maybe new input soon?

The ILC plans a TDR and a Project Proposal in 2012/13. Its
design is currently revisited to make sure that we really get a
bang for every buck

=> many machine parameters matter for physics -
no only highest E), and luminosity at highest energy

=> need realistic simulation, reconstruction & analyses
In order not to draw false conclusions

CLIC plans a CDR in 2011 — similar studies ongoing

We make sure that you get the right Linear Collider!
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Ghost tracks in vertex detector

-E14:--8-)|---|---|"'|"'|"'--E'O.S_--b-)w--|---|---|"'|"'
o 12F No BX matching 1 € .
W —= W F Tagged BX | _I_
2 10 12 05| —+
St 1 S0.2F -
S gL 18 T
— f — 1+
O gk 4 © _l
C ! —.— ] C —
> ' —— 3 0.1F | -
9 4 —— § E I
2 SF 1€ 1
S <t —.— T | _1_ 1 .
o0 pL— I I |.._l,.._.,|I a e . ' - =
1 08 06 04 02 0 0 1 08 06 Olﬁ(l) 0.2 Ge\?Z
log, ( T/GeV) 9,,(P/
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Flavour Tag with machine background

Frag

[ a) Z— qq \s=91 GeV
— VTX-DL

---\VVTX-SL
- \[ TX-DL with background

0 L 11 1 L 1 L L L L1 1
0O 02 04 06 08 1
Efficiency
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Improved di-jet mass resolution

500 -

Events /0.2 GeV
)
o
{ Z\“
9)

Fits: 55 %
my, =81.207F

ﬁ\ c= 2.05+0.02

90 100

m; [GBV]
better resolution,

|

but inefficient

Events / 0.2 GeV

o

o

S
_IIIIIIIII|IIIIIIIII L LI
i o
| Ay

B\

’ 6= 1.30+0.02 >

no improvement
in resolution

Events / 0.2 GeV

same resolution,

its: 55 %

my, =81.24 T

10(]()E 3c it j\ c=206+002 )
500 —
06; 90 100
m; [GeV]
Goo %

my =81.17 +0.
6= 1354002

( 5C fit, 4j+y
1000 F

500 better efficiency 500 -
0 1 M I I ... T 0:4....4_,_.J.L P .
60 70 80 90 100 60 70 90 100
my [GeV] my [GeV]
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Defining the right Linear Collider

Neutrino,
B-factories

@vatrob

Running
Scenarios
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Luminosity, Energy & Polarisation

Goals & Requirements

» |uminosity: 1073 (ew precision 10_4)
» beam energy: 1074 (ew precision: few 10_5)

» polarisation: = 2.5 1073 (ew precision 1073)

» but: measurement location d FETY | j
usually not eTe™ IP .t " ﬂ_inac AE
= “interpolation” e ’J

| o | Beamstrahlung " 4
» and: physics analyses assume 003 \ I [
0.02 ;
not only E and L = [ Ldt 001 | B .. i
known, but full luminosity SRR R R st

spectrum, i.e dL/d\/s
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The key players — upstream of IP

Compton-Polarimeter BPM based Energy Spectrometer

» 1.8 km upstream of |P » 700 m upstream of IP

» backscattering of circular

_ » measure beam position in
polarised laser

chicane
» asymmetry w.r.t. laser helicity

— polarisation

» resolutions of >~ 1um achieved

e L B
Magnetic Chicane Dipole 2 j+— 8 m—s| Dipole 3 OE/E ~ 100 At least dx~ 500
B m—f——15.1m 16.1m 8 i n~%mm at nm needed
Dipale 1 Dipale 4 center
--------- . 455 CaV Charenkov BFM BPM
g B Diedesctor
r-'_'_-—--——:_iﬂ | | _E_E-'%_G:E?__--___._._‘- N E"Ileij-
e u B | 125 Gl
~1
R

total langth: 74.6 m
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The key players — at the IP

» LumiCal: 20 - 50 mrad, high
precision lumi, hermeticity

» BeamCal: 5 - 20 mrad, fast
lumi (tuning), collision
diagnostics, hermeticity

L
> —
LumiCal | [

Tt

» PairMonitor: in front of
BeamCal, collision diagnostics

2 » LHCal: more hermeticity
&F

common challenges:
= precision & radiation hardness!
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The key players — downstream of IP

» GamCal: 0 - 5 mrad, ca 100 m
from |IP, total radiation loss

» Compton-Polarimeter il Bl BB AR A
> Energy Meas. (Synchr. Imaging) ’ e

Energy Chicane Polarimeter Chicane

g idl

il B g rerirm b
T BETIP BECF - ~3lkin
= T r= 145 B8 .
Wem k &
A
G
Camarenion Lops
Semhy 2= HAT.SE i
x=l yEifd .

=L =0
e -
T BT TATE by
ey EiNa EEHIe 1T]
aEsiE T aw Frim
oy FITHIY EHEE - P ¥ P,
e Ei - T, Lo o
- "l ITATP Al N == "
|P = !t ARRG
* 1l g
| e
— - S e N e
g ol
Garngéa [ i

T
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Luminosity, Beam Energy and all that

I'.l.,w Spectrum in Generator Level
L] L w L I L] Ll L] T I w

3 0.5 :"
P il  —— SLAC0.9% EachBeam
- £
recall Lol studies: 5 04 —— KEK03% Each Beam
0.3 oo KEK 0.268% € 0.18% &°
» dl/d\/s assumed to be know b I
perfectly - not only n'1
< dL/dy/s >
P 0 12 130 140 150
» analyses are sensitive to beam Myig0s (GEV)
energy spread & beamstrahlung i Er—
= = g 1 — Nomina
(Higgs recoil!) & = A
0.8 - Lew® "i'J gy S
» not studied in Lol: threshold b . —
scansl mf—-----' —
A s - tt lineshape
= How do we get dL/d/s? | el DO AN
e 340 345 as0 355 360

s [GeV]

21.9.2010 J.List 50



LumiCal

» count Bhabha events, typ. E.+ + E.—- > 0.8 /s
» [ Ldt=N/o
» o: theoretical cross-section — needs energy spectrum...

» outgoing Bhabhas might be deflected by bunch charge!

Precise Luminosity measurement
Gauge process: e'e” ~*e'e ()
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Measuring Beam Parameters

Beam Parameter Determination

» BeamCal & PairMonitor : N(e™), emittances, bunch sizes,
waists, offsets,.. (limited by correlations amoung parameters)

» fit from up-down, left-right asymmetries, energy ratios...

» double read-out: fast coarse read-out for lumi tuning detailed
read-out for full analysis

» GamCal: total energy loss into photons — improves resolution

Energy Spectrometers

» upstream: measure energy after linac (no beamstrahlung!)

» downstream: minimize beamstrahlung, measure peak energy
and energy spread
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Direct measurement of dL/dv's from physics

Acolinear Bhabhas Radiative Returns
Vs A _ .
e o - > ete” — Ty
» — need excellent forward o 50 _ SO SINEG [HN O 6 )
: s sin ©14sin ©24|sin(©1+0>7)|
tracking

» absolute v/s’ calibration via Z
resonance

» needs 00 = 10~4

» what about machine
background?

How can all these tools be combined to give the best dl/d\/s ?

21.9.2010 J.List 53



Positron Polarisation

» baseline source delivers 30-45%

» but positron polarisation for experiments is NOT baseline
— could be destroyed

» consequences:

g
g

>

21.9.2010

damping rings are not enough, need to actively destroy it
need to measure extremely precisely if it is really destroyed
polarimeter calibration from eTe™ data much more luminosity
demanding,

no cancelations of systematics

some physics cannot be done at all

Ex.: disentangling helicity states of new physics
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Better keep it!

» positron polarimeters forseen

» but no fast helicity flip!

» e~ : can quickly flip source laser helicity
» e™: undulator polarity cannot be reversed, need spin rotators
= slow!

» — no cancellation of systematics

» = reduced gain through P.g = 1&_3?;51?

» spending a lot of time on “uninteresting’ states LL, RR
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Polarimetry at the Z pole”?

AR T T T T e [ e FL R LR G E R L]
AR, : -5 o ]
> 0sin“ 0. today: 18- 10 —_— ——— ¥
> with P(et, e~) = (40%,90%): i t,.-"' :
; - 0.23140 T
6-107° with [ Ldt = 0.5 fb~1 2% ;
- E . CMS5M, 1 =0 A
» needs oszop .« Wp-10,A,-0 ]
» positron polarisation at the Z - ¥ Semiteetan o
y 0.23100 = e lanfi=10 A =--m, =
pole (source location?!) i Vi T o S
» fast positron helicity flip 0.23080|~ E”penmzalmm: tanf =10, A, = -2 m,, _
: i B i ay 7
» best possible polarimetry T R R el "
(systematics limited at ~ PIOO e Gz, 0%, 0%l ]
—1 I - 0 I IEI:IEII | I-lCIDI I IE-DDI I IEIIZIEII I I'IDU{; I IIE‘!’.fI'I.":I' I I141III
1 fb~* with 6P/P = 0.25%) S

12

» = interesting physics with lumi not far from accumulated
calibration runs over ~ 10 years
- might even investigate a few weeks dedicated running?
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Polarimetry with annihilation data

if positron polarisation

> o =o0o[l — P(e") - P(e”)+(P(e") — P(e7))ALR]
» — correlations matter!

» can calibrate polarimeters with modified Blondel Scheme:

| P(ei_ )| = \/ (01r+0RL =011 —0RR) (£01RTORL +011 —ORR)
(0Lr+oRL+011+0RR) (£0LRTORL =011 +ORR)

if PL = Pgr (for each beam)

if not: corrections ~ uncorrelated polarimeter error on P; — Pg

advantage: model independent!

vy v v ¥

need to spend substancial amount of running time on LL and
RR — expensive!
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ete- — W*W-

preliminary results from full simulation (ILD)

>

21.9.2010

Blondel scheme for 100 fb—1! for
each helicity state:
oP(e™)/P(e™) = 0.1%,
OP(e™)/P(e™) =0.2%

do .
from s -5: large cos

t-channel domianted, P
changes relative contribution of
t-channel

contribution of new physics?
= common determination with
triple gauge couplings

J.List

| Cos Theta W (3 jets F.) |

-1 08 D6 -04

2 0 02 04 06 0B 1

fit yields for 20 fb—1:
P(e~) = 80.17 + 0.15,
P(e*) = 60.10 4 0.20
(no backgrounds yet)
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