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LHC machine
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Center of mass energy (GeV)
LHC Circumference ~27 km

SC dipoles:
D i d E 14 T V !‘.'-.IE-.P.I.FPLE ']_[L !L.
s 2 = Number: 1232

Temp: 1.9K

Length: 15m
Weight:34tons
Mag. Field: 8.3Tesla

Designed Luminosity 1034 cm-2s-1

40 MHz (t, =25

bunch crossing rate
ns)

protons/bunch ~1011
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The ATLAS and CMS Detectors b

25m

ATLAS

/
1 J’.’ !
',),-’ Toroid magnets |/
Muion chambens magnet | Transition radiation fracker
e

'.I Lir electromagnetic calorimeters

CMS

Eupeeomracucting Sokanoks
o - Silscon Tracker

T

General L:44m, D:25m, L: 21 m, D: 15F-m
W: 7000 tones, B: 2T(sol.) + 0.5T&1T(toroid) W: 12500 tones, B: 4Tesla
Tracker Pixel, Silicon, TRT, |n| < 2.5 Pixel, Silicon pStrip, |n| < 2.5
AP,/ P, =0.05%P, ©1% (P in GeV) AP/P, ~ 0.01%P, (P, in GeV)
E/M Pb-LAr, |n| <3.2 PbWO, Crystals, |n| <3.0
Calorimeter ol E ~10%/,/E(GeV) ®0.7% oclE=(2-5)%/./E(GeV)®0.5%
Hadron Steel/Scint, Cu-LAr,W-LAr |n| < 4.9 Brass/Scint., Fe/Quartz Fibers, |n| <5.0

Calorimeter

o/ E =60%/.E(GeV) ®3% — Barrel, Endcaps
o | E =100%/,/E(GeV ) ®10% — Forward

ol E =127%//E(GeV)

Muon System

MDT,RPC,CSC,TGC, |n| < 2.7
Pt Resolution:
~10% , pT =1TeVic
<3 %, pT <250 GeV/c

DT, RPC,CSC, [n| <2.4
Pt Resolution(Muon+Tracker):
~T7% , pT ~#1TeV/c
<3 %, pT <250 GeVIc
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Inclusive Z/\W production

3K
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*W,Z properties are well known

* SM rediscovery studying W,Z
production at LHC is fundamental

Very clean signal through their leptonic decays, large cross section
Provide strong constraints on the detector performance-calibration
Sufficient statistics for do/dpt and do/dn measurements

do/dpt spectrum provides constraints on QCD while do/dn is a direct probe
of the PDFs

» Building blocks of new physics scenarios e.i. Z', W', Little Higgs T->tZ ...

YV VY
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Total Z/\W x-sec measurements i %=

Tog “
~= " = .
f A ~2nb at 14TeV bt ~ 20 nb at 14TeV
N—-B
mAIN FORMULA: o X Br(Z /W — leptons) =
Lx Axeg

Overall Uncertainty:

oo oN®oB _d _O0A _ o¢

N — # of observed events

— D D P = B — # of background events
o N-B L A & L — Integrated Luminosity
Where: A — Acceptance
éN/N ~1/ A\ L ¢ — efficiency within Acceptance
W—-lv Z—ll
gtotal = gtrigger X goffline J gtotal = offlme X (1 (1 gtrlgger) )
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= Qﬂ fﬁ‘“:r
ATLAS Inclusive Z q =
Tof R
X e L AR RARRRARERARR RS
C o - ATLAS 50 pb”' 3
_> + = %30@3_ -Eixt;aapalmed Background 1
e e > 525005 =33D IMC slat (= 50 f
= Single Electron Trigger with P,>10GeV/c Emf_ £=50pb-1 _
« Two E/M clusters with E, > 15GeV, [n|<1.37 or 1500; Js =14Tev
1.52<|n|<2.4, 80GeV/c2 < M , < 100 GeV/c? e N,=(2.48:0.02)x10° ]
E =(<£.40XV. X ]
= Electron ID: using tracker information, 500 ’ =
Hadronic/EM Energy ratio and EM Shower Shapes of - ]
(1} 100 1200 140 160 180 200
= Isolation £E/E# < 0.2( in cone AR<0.45)) nvariant Mass Mee (Gev)
E Bt - 571V -3 RARAE AARAE A ‘i‘ CZ—
St & 3500F — ] W —uv
Z >I‘I “ > -% HDDDEL =50p9:1___ ________L__E blb—s Ly
= Single Muon Trigger with P>10GeV/c o /s ={14TeV g [Et—uu
> 2500F —T——— gz
= Two OS muon tracks with P, > 20GeV, |n|<2.5, 2 oopfEN=(2:5620.02)x10% | gl T T
- 2 = - -
| M,,—91.2] <20 GeV/c = . soof N S
= Muon Isolation from tracker, both number of tracks  ;q00 %E____ S S L S S
and ZP, of the tracks ( in cone 0.05< AR <0.5) 500= N N

===_=E==. }
40 50 60 70O g0 90 100 110 120
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ATLAS Inclusive W |fi#

= Electron ID

. |
W->ev My = \/ 2E. p; (1—CcosAg)
= Single Electron Trigger with P >20GeV/c Em_ ' -'m' EEEEL _l_m '
= Exactly one E/M clusters (matched with a track) £ r 50 pbt e
' > <1. .52<|n|<2. P - zee
with E, > 25GeV, |n|<1.37 or 1.52<|n|<2.4 E B g ey ze

= Missing E; > 25GeV
= M, >40GeV/c? MET

eory i’

[ [ - Ll ik i 'H |
0 20 40 60 a0 100 120
My [GaV]

W->uv
= Single Muon Trigger with P>20GeV/c

Events / Galf

= Exactly one muon with p, > 25GeV, |n|<2.5
= Muon Isolation from Calorimeters

* Missing E; > 25GeV

= M,,; >40GeV/c?
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CMS Inclusive Z/W(I) g%

Z->py f

= At least one of the Muons fired the trigger [cws preliminary. L = 10 pb" | .

* Two OS muons (hits from Tracker + Muon %10 : \=_§CEEI:9_
Chambers) with P, > 20GeV, M, > 20 GeV/c? B .

* Muon Isolation from tracker, 2P, of the tracks < @ \s=10TeV

3GeVic (in cone AR <0.3)

M
MET 1
TS 120 140
m,, (GeVic¥)
W->uv B U s Pretiminany
. . 5 ~E = 10 Tew n
» Muon fired the trigger = o L —
= [N =co — n=j 3
» One muon (hits from Tracker + Muon Chambers) & ) — .
with P, > 25GeV, |n| < 2 =2 B |3
* Muon Isolation from tracker, 2P, of the tracks/Muon N _
Pt < 0.09 (in cone AR <0.3) .
= MET stands for a measurement of the escaped v '@ 20 <0 60 S0 100 120 140 160 150 200

WML (Se i)

= M, > 50 GeV/c? M, = +2E, p} (L—cos Ag)
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CMS Inclusive Z/W(Il)

(W G
Lo

Tog e

Z—ete"

= At least one of the Electrons should fired the trigger

* Two electrons with E, > 20GeV, |n| <2.5

» Electron Isolation from tracker, ECAL and HCAL ( in
cone 0.02<AR <0.4)

» Electron Id using shower shape variable( cluster
width in n direction) and E/M cluster — track matching

= 70GeV/c2 <M_, <110 GeV/c?

W—oev

» Electron fired the trigger

* One electron with E, > 30GeV, |n| < 2.5

= Veto in second electron with Et > 20GeV

= Electron Isolation from tracker, ECAL and HCAL

» Same variables as in Z—e+e- case but tighter cuts
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Events / 1.0 GeV

! rl‘ll
1T

T T T T T T L
CMS Preliminary ,det =10 pb'1

di-jets

it
W+jets
]-'.!Z —TT
y+iets

Y..I‘Z — et
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2500

CMIS Prelim
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2000

7
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1500
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Total Z/W inclusive x-sec 1%

ATLA

S ﬁ =14TeV Process  N( = 10%) B( = 10%) Axe O8AJA defe a (ph)
ﬁ W —ev 22672004 0.61£092 0215 0023 0.02 20520440+ 1060

RESULTS W —puv 30044005 2014012 0273 0023 002 20530+£404 630

L — ee 2714£002  0.23+£004 0246 0,023 0.03 2016164+ 83

L =50pb'1 L —up 2574002 0.0104+£0002 0254 0.023 003 20l6+1a+ 76
| Neolocted — -"\'rbkgd | 37500 + 453 |
Tagé&Probe ;1. 74.4 + 0.6 %
TagéProbe e4igqer 97.2 £ 0.3 %
Tag&Probe eoffiine < trigger 72306 %
—> Acceptance 36.6 £ 0.1%
Int. Luminosity 10 pb’l 1.1 ]
1 0al. CMS Preliminary Z>pp
ow % BR(W — ev ) 14200 =+ 200 pb b .
1,06 Fitted cross section normalized to
CMS _ . - 133 pb ' result .
ow % BR(W — ev ) (MCtruth) 13865 pb
1.04 _
\/g =10TeV N WE=10TeV 3

RESULTS q Ac/o(sys) = 4% 1.02F l | -

Nselected 4273 + 65 1 E
L - 1 0 p b -1 Nokga assumed 0.0 - ]

Tﬁg&PI’ObE‘ Eoffline 90.4 £ 0.3 % I:IQB - -]

TagécProbe eyigqer 99.88 £ 0.02 % . . .

Tag&Probe ciot seE05% | oo STatistical Uncertainty

Acceptance 404 +02% ’

Int. Luminosity 10 'pb_l o = 2 )

[ L dt (pb™
Ozfqr X BR(Z/7" — eteT) 1300 + 20 pb
#
Csy % BR(Z/7" — ete”) (MChruth) | 1296 pb Extra Uncertainty form

Ao/o(sys) = 2.4% Luminosity 10%
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. o
Muon Momentum scale Correction in Z—pu*u- ?yzl o
Misalignment and uncertainties on the magnetic field have an impact on the
reconstructed Z boson mass due to the muon momentum scale corrections

™

o]

of the order of 2.7%
MNermal conditions
; 94 T T T T T T T T 1T 1 T T T T T T T T T T T T % 1200_—| | T T T | T | T | T T T | ------- Tra.ckermisalignad
[o)) T CMS Prelimidary 1 O I :':f_:“; 9:'?“:::';: ------------ Muon System misaligned
L o e idth = 3.74 = 0. )
LA, " beforecorr { £ __ I Mean=s070-00s T R
— 93_ ] Q 1000 Width = 5.1+ 0.1
~N - i . w | Mean = 91.00 + 0.03
5. T after corr ] :
E |- - L  Width = 3.76 - 0.08 : CMS pre”m'mary

92 800 Mean = 90.91+ 0.03

\+\ ok /.,,/ - Width = 3.77 - 0.08
L L
91 e ——— 3 =S B

| = ;
s o t
.

600

90(

] %%/ ndf 16.79/10 | i| ¥*/ ndf 23.77 /10

400

| offset  91.07 £ 0.03134 offset 90.9 + 0.03149

89

H parab 0.1103+ 0.01742 parab 0.0173+ 0.01728

; 200 B

88 '_ L L1 1| L L1 | L1 1| L1 1| L AN N N 0 OO A0 O [ (OO LY |"_-|_“ mml-.-
-2 -1 0 1 2 86 88 90 92 94 96

n M(uy) [GeV]
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Data Driven Techniques (l)

R -

Tag&Probe Method: Used to measure efficiencies from data

1. Tag Lepton(p,e): pass stringent Muon or electron Identification criteria

2. Probe(u,e) : pass a set of id criteria depending on the efficiency under study

3. M

lepton-Tag,lepton-Probe

Trigger Efficiency

o
|
T T T 1

in a window around M,

—_
LIS

2
o
T T T

=7

]

=
(4]
T T T 1

« T&P
o MC

L=10

pb-1)

it
o
T LI

Js £10TeV

o
o
LI

L1 II-EI II--I1‘£II-1III-[I)‘IEIIIDIII(I]‘IEII I1II I-II‘éI IIEII

1

Efficiency

0.9

0.8

0.7

0.6

0.

o

0.4

Both 1,3 are
sufficient to
ensure high
lepton (p,e)

purity
:I T | T T T T | T T T T | T T T T | T T T T ‘ T I:
:;g—n—l—-—l—' ey iy '—I—'—.—I—.;:
:_ = = _:
L I = 5 ==
—— 3 Tt ] ]
S T
- ¥ ]
- + + :
- + —
@ Muon Id: Monte Carlo truth 1
EI Muon Id: Tag & Probe \/_ =14Tev _:
FY Trig: Monte Carlo truth £=50pb"’ ATLAS .
;_A Trig:Tag&Probe; , . , . 1, ., 1 ., L] _Z
-2 -1 0 1 2
I
13
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Data Driven Techniques (Il) | &

Matrix or ABCD method: Isolation
Used to estimate the QCD
background in W leptonic
decays from data

Make a scatter plot of two
uncorrelated variables i.e.
lepton Isolation vs Missing
Assume: Transverse Energy (MET).
Foco = QCD,/QCD, = QCD,/QCD,, = F' ¢y

where QCD, = N,-EWK,-S, and N,, EWK,,S, are the total number of events, the EWK events (small
number estimated from MC simulation) and the W—lv events in region X(=A,B,C,D) respectively.

» Then F; =S,/Sg, F; =Sp/S; can be estimated from the y*/Z—ee Ersatz (substitute) MET.
So emulate the neutrino by calculating the MET of the Zee

CMS Preliminary

sample but exclude one of the electrons and take into 5 02 3

account the different kinematics — Provides a reasonable © [’ I reconsiructed i Woves

MET representation in W—ev events 0.14 .

0.12 .

> Alsodefine | =S,,5/S,.g.c.p : the efficiency of the Track 01 3
Isolation cut for the Ws and can be estimated from the T&P oo E

method. 0.04

00 20 40 G 80 100 120 140 160 180 20C

v Finally simple algebra gives the Signal (W) in the A+B regions e
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CMS

Z+Jets Cross Sections () =
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Z+Jets Cross-Sections (lIl)

o(Z + (nt+1) Jets)/a(Z + n Jets) ~ ag

Z+Jets production is important:
& Test of perturbative QCD

é‘ T
= 10" Eem e + mefm NLOS
€ Important backgrounds for SM and BSM I 4 mefmlO 3
hvsi o 10°F —— ~Pythia <
p ySICS 3 E +A|pgen 3
° == ]
€ Test of performance of MC event generators 3 E
> ||IIIIIIIIIII||II|III|III||III|IIIIIIIIIIIIlIIII 1032_ _E
8 ATLAS o 7+ bkg F -
@ Z->mumu +1jetinc! Rl I
jetincl. [Juets 1 ! ! | |
- 10 o ’ 1 5 Njeis (P (et406
& p = Njets | T|[|el] eY)
= Oz > F : T : : -
@ Wy S (4 ATLAS  Zoeevels B——
c 10° O ‘E E e —— ]
> E 12 mmims — i —— ]
: At —
g F E
i e
2 0-5;_ POF uncertaindy _:
10 3 g4l + Unfolding, Backarounds, Statistics 3
[ e+ 5% Jot energy scale uncerziniy
02k . .
L + 10% Jet energy scale uncertaindy
80 90 100 110 120 130 140 150 C . . s L
1 2 3 ]
M) (GeV) Inclusive jet multiplicity
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Z+Jets Cross-Sections (lIl) |

e

JL = 100 pb™! Bl ==
| ESEEE

I:l d=|etE

—— 100 pb' giata

R

g

Vv
8

.
in

Y
h

CMS Preliminary

Number of events / 10 GeV/c?
]
=]

10
5 +
- : = e [ K. #
Source of uncertainty value used (%) S(o(Zbb)) (%) .
jetenergy scale (]ES-} 7 7.6 0 e P —— :
Type 1 missing Er scale 10 {unclustered EF'*) + 7 (JE5) 74 80 120 14[}15[}18[]22[}
MC r-r']ff, y'® dependence -10,+0 -10,40 M. {Ge\ﬁc ]
b-tagging of b-jets (de;) 8 16
mistagging of c-jets (dg;) 8 0.5 I . I
mistagging of light jets (de;) 7.6 0.5 Slde bandS used to eStImate
N"Z’fm =2 Jue to tF background subtraction 4 46 th e to p baCkg roun d fro m d a‘ta
R 5 0.4
lepton selections 0.5 0.5 21%
luminosity 10 10 50 — i15% (Stat) i 25% (SyS)
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pp—W(uv)+X charge asymmetry |f

Tog

The current PDFs predict an excess of W* over W- production with average
charge ratio of 1.5 because protons have two u-type valence quarks

> A(n) is rather insensitive to dU(W+ _)ﬂ+v)_C'<7(\N— )
systematics A7) = dn dr

O nvrs . do ., _ _
> Can be used to distinguish dn(W - u V)+d77(W — [v)

between different PDFs

O Selection criteria the same as for the W—pv cross section measurement

symmetry
s 2

PgeA

Muon Char

>
1 oL ] s LA ERARS RAR AN AR AN RRRRN RARRE RAREE RRARRE
CMS preliminary 1 E [ CMS preliminary 1 2 CMS Preliminary
L MC stmulation ; 0.2: _\-1:2[3:?111:23:.1?16 / Blue Band PD F g 0.25¢ e Immar‘.’z
Vs =14Tev < b s =14Tev 1 uncertainties from g o+ As=10Tev 4 -
4 Pusf dé" 02 -
12 CTEQ6 i :
. 01 O o5 t =
18! : L : bob
10 pb’ — = sl L = 50 pl' . StatIStlca| 0.127 T GoV, P20 GV 7
. r ] uncertainties Only o.osf— ; EZZ“Z.‘;‘;'.Zﬁi?('u“n'if;f;‘.fffm' _
i i e ]
G_‘\\|||\\|\||\|\‘|||\‘\\||||\|\||\|\‘|\|\‘_
.. . 22 -5 -1 05 0 0.5 1 L5 2
> Promlsmg Since can Muon pseudorapidity

constrain current PDF sets
already with 50pb-'at 14TeV
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Z Boson FB asymmetry (Arg) |l

/

** In pp collisions, e*e- pairs are predominantly produced via qa annihilation

/

< In SM there is an asymmetry (Ag) in the polar emission angle (8) of the
electron relative to the quark momentum vector in the e*e- rest frame

A g measurement is important:

Ng: Forward

N_—N produced events

AF — F B (cos6>0)
B N_-+N Ng: Backward

Az measurement done around Z mass using either both F B produced events

electrons to be in the central region (C-C) or one in the central (cos6<0)
and the other in the Forward Calorimeters (2.5<|n|<4.9) (C-F)
lept

AF - b(a Sln eeff ) Electron ID 45 ——]

Apg (%)

0.2 T T T T T T T T T T T T T ] efficiency in the 4
S = / _ 14T6V . Forward Region 35
0.0265 -] 80% with < 3% 3

] QCD background S E
0.028 - using multivariate . 3
. analysis E
- 15 =
0.0255_ — E
1 =
o.ozs;— =1 00fb'1 0.5 _;
n = b T T B T YR R T
002“%5"'bi"'oé"'05'”05“'--I:J”"01"'212"'113'”.,';,152'3'1';10 Yo'
Eln Ufr
o . 9 lept oy 4 A very sensitive to the electron
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Summary

Inclusive Z/W cross section measurements
studies performed in both ATLAS and CMS LHC

experiments

Data Driven methods tested for extracting the
efficiencies and QCD background

Together with Z/W+Jets and W charge
asymmetry studies present a robust start-up
program

The control of the SM EWK processes gives a
significant confidence for New Physics studies

A .Kyriakis, EPS09 16-7-2009 20
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 For CMS:
https://twiki.cern.ch/twiki/bin/view/CMS/Ph
ysicsResults

 For ATLAS:
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/CERN-OPEN-2008-020.pdf?version=5

A .Kyriakis, EPS09 16-7-2009 21



BACK-UP SLIDES
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CMS Muon System P, resolution

0.0<n<0.2

e Full system
mMuonh system only
- Clnner Tracker only

10° 0’

10 1
plGeVic]

3

10°

10°

1.8<n<2.0 e

@ Full system
H Muon system only
CInner Tracker only

10

10°

10°
plGeVic]

»Muon system resolution dominated by multiple scattering in iron

for Pt<200 GeV

» Tracker alone gives best result, except at high Pt

A .Kyriakis, EPS09 16-7-2009
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Material Budget

R

| Tracker Material Budget |

ﬂ"\o 2.5_'_\ T T TTTT T T 1T T 1T TTTT T TTT T TT ‘ T T TT | TTTT ‘ T 1T/
- X [ ]
X 2 B outsice - F @l services i
— TEC = L i
- B Toe g’ ol OJtRT _]
1.8 = E_s +TID Is R [sct i
1..5:_ -E::;t:; Pipa c B Orixel i
m L L [JBeam-pipe -
14— 8 150 ~
- I L a
1.2 o = i
1 1 N
0.8/ C ’
0-6:_ 05; i
04
ﬂ,z:_ I\\I\\Il\ll\‘l\\\_
- 00 05 1 15 2 25 3 35 4 45 5
% 3 2 1 o 1 2 3 a ml

CMS material budget vs n ATLAS material budget vs n
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ATLAS Required Performance

Detector component Required resolution 1] coverage
Measurement Trigger
Tracking 0,/ pr =0.05% pr $1% +2.5
EM calorimetry oz /E = 10%/vVE ©0.7% +3.2 +2.5
Hadronic calorimetry (jets)
barre] and end-cap 0g/E =50%//E $3% +3.2 +3.2
forward 0 /E=100%/VE®10% |31<|n| <49 |31<n <49
Muon spectrometer 0y, /pr=10% at pr =1 TeV £2.7 +2.4

Table 1. General performance goals of the ATLAS detector. Note that, for high-pr muons, the muon-
spectrometer performance 15 independent of the inner-detector system. The units for £ and py are in GeV,

A .Kyriakis, EPS09 16-7-2009
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Z—e*e Inclusive x-sec at CMS s

Ad

Tog

= At least one of the Electrons should fired the trigger

* Two electrons with P, > 20GeV, |n| <2.5

= Electron Isolation from tracker, (ZP,of the
tracks/P)? < 0.02 ( in cone 0.02<AR <0.6)

Definition of "rolbn

151" elect

ron identificatio

n criteria.

H/E

Tyy

A sbm

A Hin

Barrel | 0.115

0.0140

0.090

0.0090

0.0275

Endcap | 0.150

0.092

0.0105

W—-ev

=Electron fired the trigger
*One electron with P, > 20GeV, |n| < 2.5

Events/ 1 GeV

=sElectron Isolation from tracker as in the Z —e*e- case

A .Kyriakis, EPS09 16-7-2009

Js =14TeV

T T T ——
CMS Preliminary =

[ Wiets = yHL—ee

| Signal+Background —

Ewvents [ 1.5 GeV

CMS CWev M—

o diqjets ——
- bb>e =
yHZ Poc N
W (—

[ox]
=]
o
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Signal-+Background

-

.'JII.IlIIIJII.III.I.Il.I_

10pb-!

L

0 . | a4
0 10 20 30 40 50 B0 70 80 90 100
E; (GeV)
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Theoretical Uncertainties |

Invariant p=u” Mass

Comparison between T T T T
MC@NLO+PHOTOS and T MoemOoTes
ResBos-A that includes final state G =
NLO QED corrections to Z/W 2 10
production and NNLO logarithmic  §
re-summation of soft and % 1
collinear QCD radiation s
e B0 B0 700 120 140 760 180 200
e CMS Preliminary 5 M, (GeV/c?)
0.8 E MC@NLO+PHOTOS Generator
g %5 |In|<2.0 E guaranties an overall theoretical
S o4 F 3 uncertainty on the experimentally
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ABCD Mathematics (I) %

I = 5A+_E.-"-SA+E+L'_'+EI- —+ II."'{].-D — I:I = SA+EII'S._’:+£:- (1)
Sarm=(Fz +10)88 (2)
Sc+p = (Fz +1.0)S¢ (3)

Each N has three components: W events, QCD and electrowe ak (EWK) background events.

Assuming that FL}E p = Fgop we get:

Foon = Fpop = Np —EWKp—Sp _ Np — EWKp— F35¢
| Q0D T No —EWKe—S-  Ne— EWEKe — Sc
(Fy +1.0J(Np — EWKp) — Fp(10 — I)Sa 5
fFé + 100 (Ne —EWKg)— (10-154. 5

=(1),13) =

(4
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ABCD Mathematics (Il) [|#

In a simular manner:

i _ Na—FEWK4—54 Na—EWHKa—FzS58 (2) — Na—EWKa4 — Fz(Sayp/(Fz+10))
WD = N T EWKp -5 No_EWKp—58 T Np_EWKp—(Sarn/(Fz +1.0)) '
1.0 4+ Fg
Susp = ——1 "2 Ny EWKa — Fgep(Ne — EWKB)) (5)
Fz—Fgep' ’
Combining (4),(5) keads to an equation of the type; ﬂ5i+E +bSsim+e=00

with )
a= (1.0 I)(Fz - Fz)

b=I(Fz +1.0)[Fz(Nc — EWKc) — (Np — EWKp)] + (1 + Fz){(1 — )[(Na — EWK.) — Fz(Ne — EWKBg)]
c=1I(1+Fz)(1+ F,)[(Np - EWKp)(Ng — EWKpg)— (Ngy— EWK,)(Ne — EWKg)]

Then

r

if Fp=/=Fz weget Sayp=(—b=SQRT (b — dac))/2a
if Fzp = Fz weget Sgy,p=—c/b
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