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The Effective Lagrangian approach

Anomalous couplings:
@ in Standard Model (SM) couplings of v, W, Z fixed by:
gauge invariance & renormalisability
@ deviations = signal for new physics
@ ILC allows precise tests (see e.g. talks by G. Weiglein, J. Reuter)
@ here: sensitivity at ILC ~~ option via W* W~ production

Generic descriptions of deviations from SM:

@ Form Factors
» allow arbitrary complex couplings for vertices
> very general, many parameters
> process specific
@ Effective Lagrangians
» add higher dimensional operators
» real couplings
> process independent

(a) Zei after EWSB

* moderate number of couplings for low dim. op.
(b) ZLesr before EWSB

* few couplings for low dim. op.
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Effective Lagrangian before EWSB

@ start from SM Lagrangian (incl. Higgs doublet )
@ add all higher dim. operators which are

» Lorentz-invariant
» SU(3) x SU(2) x U(1) invariant

= Y=L+ L + Lo+
~—~ ~—~
dim5op. dim6op.
@ imposing

> equation of motion
> lepton and baryon number conservation

= Zi:none, %: 80 operators
(Buchmililler, Wyler 1986)
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Gauge and gauge-Higgs anomalous couplings
@ pure gauge and gauge-Higgs part
1
L= (hwOw + 1y Opy + howOuw + 3,0, + hogOp + h,50,5

+ huOus + hy O + O + hE0F)

Ow = e W, WA WL, Oj = e W, WA Wy™,
Opw = % (¢'¢) Wiw's, 0,5 = ('¢) WiwW'™,
O,5 = % (w*@) B..B", O,5= (SOTQO) B..B",

Ons = (#'7'¢) W B, Oy = (#'7'¢) WB™,

0 = (¢'¢) (Du) (D*9), oY = (‘PTDMP)T (#'D0).

@ 10 dimensionless anomalous couplings h; with

hi~© (VZ/AZ),

where v = 246 GeV, A = new physics scale
@ 4 anomalous couplings CP violating
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Processes at the ILC
@ ee” — Z (Giga Z) highly sensitive to (Pz):
hwe, K2
@ ete” — W™ W~ sensitive to (Py):
hw, hwe, &), hy, hyg
(3 CP conserving, 2 CP violating)
@ vy — WT W~ sensitive to (Pw):
hw, hus, hy, hyg, (S5how + ¢Ehys), (STh, g + cih,g)
(3 CP conserving, 3 CP violating)
@ only v process allows direct measurement of:
howe = S5 how + €% hus
h s =St h,p + ¢ hg
c2=1-s2

2 — €
where sy = wEGrTE,’

@ all processes together: 7 out of 10 indep. couplings observable
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Previous work

a lot of excellent work on anomalous couplings in vy — WW exists: e.g. (incomplete)

Tupper, Samuel (1981),

Choi, Schrempp (1991),

Yehudai (1991),

Bélanger, Boudjema (1992),

Herrero, Ruiz-Morales (1992),

Bélanger, Couture (1994),

Choi, Hagiwara, Baek (1996),

Baillargeon, Bélanger, Boudjema (1997),
Bozovié-Jelisavéié, Monig, Sekarié (2002),
Bredenstein, Dittmaier, Roth (2004),
Mbnig, Sekarié (2005),

Nachtmann, Nagel, Pospischil, Utermann (2005),
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Feynman diagrams Nachtmann, Nagel, Pospischil, Utermann

Consider L
Yy — WTW~ — ffff

in narrow-width-approximation.

Product|on in SM:

\_\_\_\’ s 7 " >< >
"’JJJ haS wH+ v W+ N
via anom. gauge couplings: V|a anom. ~yyH coupling:

il - W M - W
v !
\—\_\_\@/ —\\_\_\T/( ., /
i /
1
Jr,@\ »
7 Y » Ny

w-

v w- M ,
’
\\
\\
AN wH Y2 Nt
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Total cross section Nachtmann, Nagel, Pospischil, Utermann

Standard Model: Deviations through anom. couplings:
100 Sl — P T T
W
ey g
251 hws P
80 - s S
©WB A
2+ YWB 7 4

sy [pb)
(o = asn)/osml %)

0 1 1 1
0 500 1000 1500 2000

ostl L L .
500 W0 ey B0

(plot for hyg = 103, other h; = 1072)

Vs [GeV]

@ up to 42 enhancements for anomalous ME
@ CP odd only at quadratic order
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Distributions

do dosy

diff. cross section: =
! ! dcos© dcos©

Standard Model: Anomalous CP even:

(A3, A1) = (0,0)

do; P
hi ——— h
+Z ’dcose+o( )

()‘31 )‘4) = (07 i)v (i/ 0:

104 T T T 03 T T T
Sum R ;Llw "
3 L (00) —=====- ] IR WB -—------ /]
10 ) 025 A — /7
) L I
) 02 f ' /
= \ /
o = 02 b | 015 \ / -
z B h /
S [©) 01 E
< wn S
?; . ) 8 015 ;o
< - = . 0.05 B
~ . &
S 01 B Lo 4
3 0
0.05 | H4 005 T
10 *F E
-0.1
10 4 1 1 1 0 1
B 0 ] o 015 1 1 1
cos © 1 -05 0 05 1 -1 -0.5 0 05 1
cos © cos ©
@ no CP odd in linear order
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Inclusion of decay information Nachtmann, Nagel, Pospischil, Utermann

Full information: diff. cross section incl. W decays

do

S(¢) = _ )
(9) dcos ©dcos v dpdcos 9 dg W s, ds)
(ki M)

325

A3Asy A3 TR
= Sl 3s B12834P)\,3)\;‘D SD ; \%k.,m e
fa(pa.az) |- -
where ¢ = phase space variables falps, o) J—Z

= access to O(h) contrib. for all h;.

72(92-02)
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Inclusion of decay information Nachtmann, Nagel, Pospischil, Utermann
Full information: diff. cross section incl. W decays

do

S(¢) = =——
dcos©dcosddpdcosddp
32/6 ":(kl-)\\)

A3Ag A3 A (Ko, A
211 3g B12BS4/P)\3)\;‘D 3D 4 \‘%k\‘/\;] y(ka, Aa)
fa(pa.az) |- x
where ¢ = phase space variables falps, o) J—”

= access to O(h) contrib. for all h;.

72(1’7-07)

No CP odd contributions O(h) after phase space integration:
@ expand diff. cross section in h;: do/dp = So(¢) + 3, hiSii(¢) + O(H?)
@ linear coefficient = interference term

Si(@) o Y 2ReMsu(As, M) M; (N, M) DD}

PYIPVISVASY)
@ for CP parity m; = £1 of O; we have
M; =mM;,  (Dx(cos¥,p))* = Di(cos v, —¢)

= CP mixed expressions vanish after ¢, ¢ integration
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Optimal observables Atwood & Soni, Davier et al., Diehl & Nachtmann

How to measure anom. coupl. with best statistical accuracy ? =- optimal observables

@ expand diff. cross section:
d
é = So(#) + > hiSi(¢) + O(HP)  where
i

@ statist. optimal observables for small h; (wo/ rate info):

_ Sii(¢)
= 50(0)

@ measure ¢ for each event k = 1,..., N, evaluate:

~ 1
0= N ; Oi(¢k)

and calculate ¢; = ( (O — (0i),) (O; — (Of)g) ), with (o)
to get estimate of couplings

hi=> ¢ (O—(0))
j
@ covariance matrix for h; computable without data

1
JOEST
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h; = anomalous couplings
¢ = phase space variables

_ [ d¢Se(¢)o
0™ [dgSe(9)
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Layout

° Sensitivity with Unpolarised Beams
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Parameters

Choices and assumptions:
@ semileptonic channels with | = et, ut, ™, ™
@ no q flavour id = two-fold jet ambiguity
@ MHiggs = 120 GeV
® [Lee =500"fb"
Note:
@ CP even - CP odd correlations vanish
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Results: Sensitivity at fixed vy energy preliminary

= /5, = 250 GeV

25 ¢ wem /5, =250 GeV, ¢ id ]
2 L ]

=3
‘E 1.5 F g

~=
< 1F ]
05 [ ]

0

Ow Owp Opwp Oy Oy Ouip

howp[1072)

2 >
CP even (no g id)
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Unpolarised Compton spectrum norm. single ~ spectrum:
6

Ginzburg, Kotkin, Panfil, Serbo, Telnov " unpol.
5 F ]
Qt: 4t 4
Photons via Compton backscattering of Z3f 1
laser on e beam T, 1
s N
\\ 1F ]
= beam "VVW

[) L L L L

laser - 0 0.2 0.4 0.6 0.8 1
y=E,/E.

. norm. luminosity spectrum:
@ use simple Compton formula il —~ y ‘p :
— unpol.

o \/See = 500 GeV 25 ¢ ]
@ hard vy CMS statistically distrib.

@ more realistic: nonlinear effects +
multiple scattering

(AL /dz2) / (K*Lee)

0 0.2 0.4 0.6 0.8 1
z=\/53y//3ce

A. v. Manteuffel (Universitat Heidelberg) Anomalous Couplings in vy — WW 18/33




Neutrino ambiguity

neutrino momentum unknown, reconstruction not unique:
@ transversal momentum unique
@ two-fold ambiguity for neutrino energy (for part of phase space)
@ x two-fold jet ambiguity (as before)
for calculation of covariance matrix:
@ use Jacobi-weighted sums over experim. equivalent states
@ integrate sums over unique phase space

general discussion of opt. observ. in presence of ambiguities:
Nachtmann, Nagel, Pospischil

A. v. Manteuffel (Universitat Heidelberg) Anomalous Couplings in vy — WW

19/33



Results: Sensitivity with Compton spectrum preliminary

[— Com};ton, \/19536 = 5b0 Ge\j
25 © mmm /5, =250 GeV 1
2+ ]
.
5 15 F b
=
< 1L ]
0.5 F b
0

3
] P
CP odd (Compton)
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Layout

0 Sensitivity with Polarised Beams
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Possible improvements

Expect higher accuracies from
@ higher energies
@ polarised v~ initial state

Polarisation (~ more information) disentangles different contributions:
@ increased differences in angular distributions

@ even “switch off terms” completely:
e.g.: no Higgs production for Ay = —X,, thatis |J,| =2
N , W

22/33
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. . . . . singl trum:
High energies through polarisation "' Sn9’e 7 specium |
unpol |
b NP =12 : 1
R AP =—1/2 '

Notation:
@ )\° = mean e helicity
@ PC = circular laser polarisation

@ k = conversion efficiency 0 w \ \
0 0.2 0.4 0.6 0.8 1
y=E,/E,
Polarisation of e and laser gives norm. ~ spectral luminosity:
o ] — ;
° S|gn|f|cant_ ch.angle in 25 F T Nhes _1a, api— 172 ]
spectral distributions _ o APE=41/2, XSPS=+1/2 [
) Fo2f - aP= 0 MR-z ) E
@ enhanced high energy peak for 5, e .
opposite mean helicities =15 N ]
(A°PC = —1/2) < W
£
=
0.5 ]
0 L L L ."v-
0 0.2 0.4 0.6 0.8 1
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Effective polarisation of hard ~~

Norm. luminosity spectra for different helicities for choice A¢ = A§ = 1/2, P¢ = P§ = —1:

2.5

(dew/dZ) / (kzLee)

0.5

0 0.2 0.4 0.6 0.8 1
2= Vo /e
Polarisation of resulting hard ~~:
@ only slight average polarisation
@ but: considerable separation in energy
@ high energy enhancement provided by A°P°¢ = —1/2

@ still free choice: signs of A7
= adjust signs to select high energy peak for specific helicities

A. v. Manteuffel (Universitat Heidelberg) Anomalous Couplings in vy — WW 24/33



Results: Sensitivity with polarisation preliminary

- unpol‘
257 mmm J.=0 ]
- J. =2
2 ]
3
O ]
=
< 1L ]
0.5 E
0

Ow Owp O,wp Oy Opp Ouvp

hyy (1073

! S
CP even (J; =0) CP odd (J; = 0)
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Comparison to et e~
LEP&SLD () | ee — WW (%) | vy — WW | vy — WW

unpolarised J-=0
hi[1079] shi[1073] Shi[1073] | &hi[1073]

measurable CP conserving couplings:

hw —69 + 39 0.3 0.6 0.3
hws | —0.06 +0.79 0.3 1.6 0.7
h,ows X X 2.2 0.9
AP | —115+239 36.4 x x
measurable CP violating couplings:

hy 68 + 81 0.3 0.7 0.3
hig 33+84 2.2 2.0 0.9
hchB X X 2.0 0.6

3 more anomalous couplings unaccessible by these methods:

1) 4 /
htP s HpoWB» h(pwg

(*) Nachtmann, Nagel, Pospischil
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Results: Sensitivity at 1 TeV

[— TeV, unpof
25 mm 1 TeV, J. =2 ]
mm 1 TeV, J, =0
2 [ mmm 500 GeV, J, =0 ]
QT
) 1.5 F E
<=
< 1F ]
0.5 ]
0

Ow Owp Opwn Oy Opp Ouvp

integrated luminosities:
@ at \/See = 500 GeV: Lee = 500 fbo ™
@ at\/See =1TeV: Lee = 1000 fb™"
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Summary

Effective Lagrangian approach:
@ parametrisation of deviations from SM by new high energy physics
@ process independent
@ 10 anomalous gauge / gauge-Higgs couplings (6 CP cons., 4 CP viol.)

ete”™ — WW at the ILC:
@ norm. distributions: 5 anom. coupl.
@ accuracies O(107%) for anom. coupl.

Electroweak precision observables (Giga-Z) at the ILC:
@ best for 2 of above 5 anom. coupl.

vy — WW at the ILC:
@ norm. distributions: 2 more anom. coupl.
@ accuracies O(1073) for anom. coupl.
@ polarisation may reduce errors by a factor of 2
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Supplementary Slides

@ Details for present limits

@ Heavy Higgs

@ Separation Cuts

@ Polarised photons at fixed energy
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Present limits: CP conserving Nachtmann, Nagel, Pospischil
Present bounds on CP conserving couplings from LEP1, LEP2, SLD, 'y, My (Pz):

hWB X 103

120 GeV T 1

200 GeV

myg = 500 GeV

&, Tz, o, RY, mw, Tw, TGCs

my 120 GeV 200 GeV 500 GeV 6hx 10°

hw  x10° -624  —625 -62.8 3.3 1 —0.007 0.008
hwe x10° -0.06 -0.22 -0.45 0.79 1 -0.88
A x10° —-1.15 —1.86 —3.79 2.39 1
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Heavy Higgs preliminary

-‘ unpol‘, my -‘ J, = f), my Z 120 de\/ ' '
2.5 F unpol, myg ] 25 F J. =0, mg =500 GeV ]
2 2t B
w0 =
L 15 L 15} ]
= =
= 1 = 1
0.5 0.5
0 0
Ow Ows Opws Oy Oyp Oip Ow Owp Opws Oy Opp Ouwp
. =2 my $120Cev | ‘
25 F mmm J. =2 my §500 GeV 1
5
<
=
=
bS]

Ow  Ows O,wp Oy Oyp Ouip
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Separation cuts

T T
mmm unpol
mmm unpol with cuts

2.5

Sh [1073]

Ow Ows Oywp Oy

Separation cuts on observed fermions:

@ fermion energy > 10 GeV
@ fermion angle w.r.t. beam
@ angle betw. obs. fermions

5h [1073]

Owp Ouwi

5h [1073]

> 10°
> 25°

2.5

1.5

preliminary
-‘ J, = f)
mmm J. = 0 with cuts ]
Ow Owp Oywr Oy Opp Ouip
Ow Owp Ogws Oy Owp Ouwp
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Polarised photons at fixed energy

- unpol‘
251 mm J.=0 ]

- J. =2
2 [ ]
L o1st ]
N ]
0.5 | B

0

Ow Owp Opws Oy Owp Ouvp

@ /5, =250 GeV
@ no sensitivity on h,ws, hwwé ford, =2
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