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1. Framework: Low Energy
Effective Theory
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1.1 The LEET, a not (quite) decoupling
alternative.

Heavy states present at E > A decouple at low energy.

BUT higher (local) symmetry S_. - SU (2),, ® U (1), survives
at low energy and becomes non linearly realised.

S_./SU(_2), ®U(1),

— not manifest in the low energy spectrum (the gauge fields associated
to this symmetry do not all appear in the spectrum).

— but constrains the interaction vertices (cf. Custodial Symmetry).

=) S.=[SUQ®SUQ)| ®UW),, ®Z, [Hirn &Stern ‘05]

Systematic Low Energy expansion in momenta : p<<A~3TeV
Ly=2L,,L,=0(p"),asp>0 renormalized and unitarized

d>2

order by order in powers of momenta (cf. d # D).
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Covariant Low Energy reduction of
S,..Vvia spurions : S, — SU(2), ®UQ1),

SU (2),, ®U (), linearly realised via SM gauge fields.

* S,../SUQ), ®U(), = [SU(2)]’ populated by spurions :
— 3 non propagating SU (2) valued scalar fields X transforming as a
bifundamental representationof S_.: X U X V™
— Gauge invariant constraints: D, (spurions)= 0 .

— It exists a gauge in which the X become constants K.
> 3 small expansion parameters describing the hierarchical
breaking of S__ (~ mass of quarks in yPT).
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Counting scheme.

e Terms explicitly involving spurions ==) fermion masses
and genuine effects beyond the SM.

 The operators are ordered by power of momenta and of
spurions with the counting rule :

 Double expansion in momenta and explicit symmetry
breaking parameters K (preserved by loops) :
L= (px")+L(p'x?)+L(px?)+L(P') + ...
N ) y,

Y
LO: o(p?) NLO :0(p*) NNLO:oO(p*)
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1.2 First effects beyond the SM

» At Leading Order (LO) O(p’«’) and O(p'x*): Standard Model
without a Higgs.

At Next to Leading Order (NLO) © (p*«<*) new physics
(contains spurions) arising before loops, oblique
corrections..... only 2 operators : ==) new couplings of
fermions to W and Z.

L ro= Lot L
b1 1

Couple W  Couple Z

 NLO : potentially the most important effects of physics
beyond the SM.
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2. Tests of couplings to Z at
NLO.
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2.1 Neutral current interactions.

e _ S
L= oo o (1-&p)| Ny, (@) -ghrs)N + Ly, (gy -g57s)L

/ +Uy,(gv-g475)U + Dy, (gv-ghys)D | Z,
Normalized factor

absorbed in G, (v, e u d
G - g 2 2 : . Vﬂ ,L={ﬂ},U=[ ],D={S]
) \/EZSmVZV(l_é P v.) 7 ’ b

e f
® =
° Sino, wi/<
m; -
° sinh, =1-—— f
m

Z
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2.1 Neutral current interactions.

€

- 2c0s0 sin0

E. Passemar

"

Normalized factor
absorbed in G

(1-&p)| Ny, (@ -g\rs)N + Ly, (g4 -ghrs)L

+Uy,(gv-8475)U + Dy, (gv-gy)D | Z,

New couplings at NLO appearing in g, and g/, .

1 ) 1 _~2 &°
= =——+2S5S — .

% ' gV 2 2

E 1 8e

— 4+ L _
2 2 _Ba T 0) T 0)
1+6 4-~2 & b 1+6 2-2 ¢&°
—————S +— gy = — +=5 ——
2 3 2 2 3 2
1+0 & v_1+0 &

p) 9) \gA_ )
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« At NLO 6 parameters:
« modification of the left couplings: 6
e modification of the right couplings :

— For the neutrinos and electrons : SV, g®

— For the quarks: Su, Sd !
» Normalisation factor: 1-&°p, = s

o EXpectation: percent level. (”j‘{ ~ K‘Zj

« Universality of the couplings is assumed.
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2.2 FIT to Z pole observables

How to constrain these parameters ?

==) Data from LEP and SLD.

Definition of « pseudo-observables » : ', I' .4, 'ty 67 Agg,
A...

 Take the less correlated and the independant one for a FIT
of the couplings: ', 6.4, R, Ry, AN

f f f
L 6\/E7r [(gv g A}

N

Corrections QCD+QED
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E. I

Observables of the FIT :

Total decay width of Z : I', = Z L' c
f

Hadronic pole cross section : ¢, . = lzf rerzhad
I’nZ 1—‘Z
. T,
RatioR,: R, = = (3R, +2R_=1)
had
Ratio R;: R, L ha

The forward backward asymmetries:
N n.(0, <90°)—n (0, >90")
= N0, <90°)+n (0, >90)
Ov 9 Qv 9
(00) + (90 ][ (90)* + (90 |

for f=e,b,c

AIEB::"
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W leptonic Branching Ratios

* Interface charged/neutral currents: =) ¢

W

hadrons F(\Ni —)hi)oc<0‘\]”‘h><h

ol)=(0}

J"T

0)
"

Z(1+5)V”u'L7/ dj+aviuly dl

TW* —>h")=1+26)-T'y,(W* —h*)
 Theoretical calculation: pertubative QCD

I G-M_

Wiot = 3+6-(1+26)- 1+M 1409(LMW] —12.77(“S(Mw)j
i \/—7[ T T .

e Take the leptonic branching ratio:

Br(W—lv)=

E. Passemar

W —olv

Witot

very accurate measurement from
= LEP :Br(W—lv) =0.1084(9) .
Very sensitive to 6.

RPP, 1¢" Mars, 2007
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Results

e Fitto first order in € (NLO) ==) €V not present in the fit

~ 2
e 5=-0.0054(44), S =0.2308(4), €°=-0.0024(5),

gU=-0.0223(104) , €%= -0.0355(257) , y%/dof=3.09/3.

’ - & 5 and €° very small
0.01 | g | =) left-handed
002 | | couplings not very
0.03 | | affected at NLO.
“w -0.04 |
oos | Results in
agreement with the
000 order of magnitude
-0.07 t
20.08 Uncertainties from

0015 0013 -00l1 -0009 -0007 0005 0003 -0.00l : v
5 experiments only ! =
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E.P

Results FIT SM (LEP’06)

3

Measurement Fit  |JOMe®—0™|/cMe
0o 1 2
Aol (m,) 0.02758 + 0.00035 0.02767
m, [GeV] 91.1875+0.0021 91.1874
I, [GeV]  24952+0.0023  2.4965
Go.q [ND] 41.540 £ 0.037  41.481
R 20.767 £0.025  20.739
A 0.01714 + 0.00095 0.01642
A(P.) 0.1465 +0.0032  0.1480
R, 0.21629 + 0.00066 0.21562
R, 0.1721 £0.0030  0.1723
AQP 0.0992 + 0.0016  0.1037
A%C 0.0707 +0.0035  0.0742
A, 0.923 + 0.020 0.935
A, 0.670 + 0.027 0.668
A(SLD) 0.1513 +£0.0021  0.1480
sin“0sP(Q,) 0.2324 +0.0012  0.2314
m,, [GeV]  80.425+0.034  80.389
I, [GeV] 2.133 + 0.069 2.093
m, [GeV] 178.0 +4.3 178.5
0 1 2

< Anomaly AP, !
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From the NLO fit

Measurement Fit |Omeas-Qft|/gmeas

0 1 2 3

[z [GeV] 24952 £ 0.0023  2.4943
op.q [mb] 41540 £ 0.037  41.568
R 20.767 £ 0.025  20.786
Agt 0.01714 + 0.00095 0.01634
R,  0.21629 + 0.00066 0.21654

Anomaly AP,

Ay’ 0.0992 + 0.0016 0.1000 M < .
A 0.0707 £ 0.0035  0.0689 disappears !

Br(W — 1) 0.1084 £+ 0.0009 0.1091

o 1 2 3

« Remarguable agreement at NLO (less than 1 o) , the
anomaly A.g for b quarks disappears without breaking the
universality.

E. Passemar RPP, 1¢" Mars, 2007 17



2.3 Low energy Experiments.

Using the values of the parameters determined in the FIT
==) predictions at low energy.

Atomic parity violation: test the couplings of electrons to the
guarks inside the nucleus via neutral current.

— Violating part amplitude: 2 contributions (A, V,) and (V. A,).

— Limitate the uncertainties, take vector couplings for quarks (CVC).

G e ~ u,, a1
Ly = TZ4QA67,,756(QV uy“u+ g, dy”d)

—> Q, =403| Z(29 +0)+ N (v +20]) |

E. Passemar RPP, 1¢" Mars, 2007 18



« Parity violation in Polarized Moller Scattering
Measurement of the parity violating asymmetry (E-158)

APVZO'R(GR)—O'L(GL) :_A(Qz,y)Q\;ev

ox(ex)+o, (e)
/SN

Kinematic factor Q¢ =4gtg¢

(y=Q%/s) A
e Results:

Observable | Measurement | NLO prediction
Qu (*33Cs) |-72.62+0.46 |-70.73+4.44
Qu (?%°Tl) [-116.40 £ 3.64 |-111.95 * 7.47

Qu Qweak ? 0.060 + 0.017
Q¢ 0.041+ 0.005 | 0.074 + 0.02

E. Passemar RPP, 1¢" Mars, 2007 19




Observable | Measurement | NLO prediction
Qu(*3Cs) |[-72.62+0.46 |-70.73+4.44
Qu (¢%°TI) -116.40 £ 3.64 |-111.95%7.47

Qu Qweak ? 0.060 + 0.017
Q¢ 0.041+ 0.005 | 0.074 + 0.02
50!

 Good agreements except for weak charge of electron
~2 Accidental cancelation at NLO !
—> Qp =1-4s 1-¢&%)

(432(1—39)~1)
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3. Tests of couplings to W at
NLO.

E. Passemar RPP, 1¢" Mars, 2007
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3.1 Charged current interactions
- Talk M.Oertel

1 d

u
‘CCC=g|:1 EU( eff | 1 +A Y 'Ys) :|W”+h.c, U=|c|,D=
t b

— 1, standard V-A leptonic current (NB: There are no charged right-handed
leptonic currents).

— Ve, A, - 3X3 complex matrices of effective couplings.

* AtLO(SM): V= -A =V

e At NLO, right-handed quarks currents (RHCs) : Mg # -A 4

Vi =(1+8)Vi+eV) +NNLO and Ai=-(1+6)V!+eV] +NNLO

— V|, Vi : 2 unitary flavor mixing matrixes from the diagonalisation of the
mass matrix of U and D quarks.

— 0,&: S, breaking parameters arising from spurions (~ 1 %).

E. Passemar RPP, 1¢" Mars, 2007



* In the light quarks sector : only 3 parameters :

« modification of the left couplings: ¢
e Right-Handed quark Currents (RHCSs):

ud

ud
— In the non-strange sector: aNS=sRe(VR ]
L

us
L

VllS
— In the strange sector: &,=¢ Re( R J

e Order of magnitude: 6, ~1%

E. Passemar RPP, 1¢" Mars, 2007
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Tests In Chargec

sector

Experimental Parameters Low Energy/QCD inputs
processes extracted
Nuclear B decays ‘ E CVC + nuclear corrections
0*=>0* & [Marciano & Sirlin '05]
Hadronic T decays OPE
Ry:Ra, R, . S+e {Braaten et .aI '92,
Moments NS’ NS Lediberder & Pich '92....]
ALEPH, OPAL ag(m,), m,, condensates
iy 5 Perturbative QCD
LEP, TEVATRON ocS(mW)
DIS v(V) on protons 0 Normalized pdf
Kx scattering phases
Kt 5 decay [Buettiker, Descotes,
- €s- € :
S NS Moussallam’ 02]

KTeV, NA48, KLOE

and A xPT

. Passemar

RPP, 1¢" Mars, 2007
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Tests In Charged sector

Soerimental | Paraneters | Low Energy/cD nputs
Nuclear g decays ud CVC + nuclear corrections
020" ‘ & [Marciano & Sirlin *05]
Hadronic r decays OPE
Ry:Ra, R, [Braaten et al '92,
Moments Ens: OFens Lediberder & Pich '92....]
ALEPH, OPAL ag(m,), m,, condensates
I 5 Perturbative QCD
LEP, TEVATRON as(m,,)
DIS v(V) on protons o Normalized pdf

Kt 5 decay
KTeV, NA48, KLOE

2(es- ens)tAcr/Bexp=
-0.074(14)
—->Talk M.oertel

Kx scattering phases
[Buettiker, Descotes,
Moussallam’ 02]

and A xPT

. Passemar

RPP, 1¢" Mars, 2007




Tests In Chargec

sector

Experimental Parameters Low Energy/QCD inputs
processes extracted
Nuclear B decays ‘ E CVC + nuclear corrections
0*->0"* e [Marciano & Sirlin '05]
Hadronic T decays OPE
Ry.Ra: Rs, . Ste {Braaten et _al '92,
Moments NS NS Lediberder & Pich '92....]
ALEPH, OPAL ag(m,), m,, condensates
iy 5 Perturbative QCD
LEP, TEVATRON ocS(mW)
DIS v(V) on protons 0 Normalized pdf
Kx scattering phases
Kt 5 decay [Buettiker, Descotes,
- €s- € :
S NS Moussallam’ 02]

KTeV, NA48, KLOE

and A xPT

. Passemar

RPP, 1¢" Mars, 2007
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3.2 Inclusive Hadronic Tau decays: A test of
physics at NLO ?

}N%
hadrons
4 ['(z" > v, h” (y)) < ImII"(q))

T

I (q)=i[d*x e <O‘T {Jﬂ(x)J"*(O)}‘O)

Lorentz decomposition:
(@) =(-9,49" +q*“q")IT" (") +9“q'TI"(q°)

J ff |2 (3 ff |? (3 ff 2 0
I (s) = |5 | TIGg\ (8) + A | TIig A(S)+|Ke I1;.),(s)

L 7
I3, () + | A

E. Passemar RPP, 1¢" Mars, 2007 27



['(z”>v,-h ()
T(z" >V, e v, ()

« Wedefine: R =

 Decomposition according to the final states observed and
experimentally extracted :

Rz' = Rz',V + RT,A + RT,S

05 [ E} - T —»Vv_(ALEPH)
L 0 1 T —Vv, (OPAL)

RZ'V I:> T _)V +h/ s=0 2;
(Ex: even number of pions) £ 15

1]
Rr,A = 7 oV + hA,s=0

(Ex: odd number of pions)

3_||||| |||||||| [rrrryrrr o T

Rr,s => 7 2>V, +h s (Gev?)
[Davier et al ‘05]

e Additional informations from the shape of the spectral functions

— Different moments . k |
kI : S S dR,y /a
RrV/A — j ds| 1- 2 2 =
A m’ m’ ds

E. Passemar NI 1, 4L IViIAAl 9, VvV
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3.3 Non-strange sector = Eyg

(D) (D)
Z (5ud,v + 5ud,A)

u 2 = o0
Total rate:  R_,,, =3 S, M (l_zgns)(1+5(0)) 1 4+ D=2 —
( (0) (D) )
. 1+59+ > Sh 3 60,50,
RT,A — (1—48ns)° > D=2,4.. < ~ (1_4gns). 1_ D=2,4.. 1 5(0)
+
Y 1+59 + Z 553\),
\ D=2,4.. )

Data from ALEPH and OPAL for R, and R"',

Possible extraction of Eyg, strongly correlated with & (M, ) (D=0)
V.4’ | is known from 0+*>0* superallowed B decays.

What about the hadronic part ? =) Description using OPE
[Braaten et al '92, LeDiberder & Pich '92...]

Inputs for the OPE :

as(m,),mq(m,),<%ee> , (0,0 )5(aT0,0,T,0, )5

E. Passemar n"EE, L7 1vVidld, £UU [ 29



Theoretical framework: using OPE
[Braaten et al '92, LeDiberder & Pich '92....]

(D) (D)
Z (5ud,v +5ud,A

R C(1-2¢6,)(1460)| 1422

ud
Vi

tN+A T 3 SEW

1+5©

1 (3) with u the separation scale
D _ . H P
0" = (_S)D/Z Z C (S, 1) <O('”)> between long and short
dimO=D distances.
Wilson coefficients Operators

e D=0: perturbative contributions

 D=2: quark masses corrections.

 D=4: non perturbative operators: <%GG>, (m;aq)

« D=6: 4 quarks operators: (qIq,a,T.q)

 D=8: Terms theoretically small and unknown =) ina FIT !

 Inputs for the OPE : as(m,),mq(m,),<%GG>, <5iqi>,<q_iflqjq_jfzqi>,---
T

E. Passemar 30



Results of a FIT V+A and V and A with the
OPAL data.

* Inputs:R_,,,and R_, .
[(ka I) =(1,0),(1,1),(1,2)...]

. : k,lI
and different moments : Ry, , .\ . 4

e Parameters : a,(m,), <%GG>, &xs , condensates D=6 V-A, 8

and 10.

e Strong dependance In <
outside the FIT.

E. Passemar RPP

‘j; GG> a priori unknown = Put it

, 1" Mars, 2007
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Results of a FIT V+A and V and A with the
OPAL data.

<“S GG > — -0.01 GeV*

n
035 | fit V/A, FOPT — -
fit V-A  FOPT —
fit VA CIPT —
- fit V+A, CIPT f 9
0325 | 5 _

o gl
[

0.25 ' '
-0.03 -0.02 -0.01 0

E. Passemc.. U ——



Results of a FIT V+A and V and A with the
OPAL data.

<$GG> -0 GeV*
/A

034 + fit V/IA, FOPT —
fit V+A FOPT —
fit WA, CIPT —
fit V+A, CIPT

032
E.-
0.3
0.28 '
-0.02 .01 0

E. Passemau Nnrr, L= 1vial ge’ PAVIVN| 33



Results of a FIT V+A and V and A with the
OPAL data.

<$GG> — 40.01 GeV*

T
035 fit VA, FOPT —
fit VA FOPT —
fit V/A, CIPT —
fit V+A, CIPT
0.32
5 0
027
023 ' '
-0.03 0.02 0.01 0

E. Passemal N 1 5 L Ivikal 9, «~vv1I



« Consistency between V+A and V/A data: same QCD
parameters (a,(Mm_), condensates...),

« Theoretical uncertainties (knowledge of the gluonic
condensate) limit the extraction of gys. Fit not enough
sensitive to all the unknown QCD parameters.

* |ens| = 0.01, in agreement with the order of magnitude
expected.

 We have to wait for more precise data (Babar, Belle...) and
correlations between V and A from ALEPH.

e Theoretical improvements ?

E. Passemar RPP, 1¢" Mars, 2007 35



3.3 Strange Sector: = 0+gyg

* Inthe Standard model : Many studies in the strange sector
[Gamiz et al. ’04, ...]

SR = Reven  Res SU(3) symmetry breaking quantity:
j ’vud vl Theoretical uncertainty reduced.

e Inthe LEET, quantity impossible to use. Look instead at :

D=2,4.. D=2,4..
+ )

Vo)

R, sin% 1+2(8NS +6)
Rys cos’*é )

sin’@

J Y. (Bn +6L0) D (B8 +650)
1

21+67) 21+67)

» Sensitive to d+eys (1/sin%6~20).

> @GR -62)
* Not sensitive to g : Part 224
1+6Y

E. Passemar RPP, 1¢" Mars, 2007
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R, sin’d

~

A

Ry cos’d

(H

2(.¢:NS +5)

sin’@

J

.

\

1+ D=24..

(Biv +S5n) D (Bl +650)

D24

2(1+6") 2(1+6")

QCD part: same SU(3) symmetry breaking quantity,
dominant term:

2 (12
m.(m?)

Convergence of the D=2 Wilson

m

T

2

coefficient ? Knowledge of mg ?

 Try phenomenological models to improve the
convergence with different values of m..

=> § + g\g small per mile level.

E. Passemar

RPP, 1¢" Mars, 2007
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4. Consistency of the analysis ?

 From the talk of M.Oertel, unitarity of V; and V,+ NA48
measurement :

—t
Ll

= g, Small

Consistent with the

: v ; Tau analysis.

A
2(es — &) + BCT =—0.074+0.014 AX° ~-3.5.107

exp

”’)

LSNIE S
1 LI ) L I . | 1
e el e i e
W n ] \O |8 ]

N = ND ~

E. Passemar RPP, 1¢" Mars, 2007 38



4. Consistency of the analysis ?

« Discussion: Unitarity of Y ?

2 2 i~
PR+ V0 = 142(0+& )+ 2(&g — £xg)sin” O
A
From nuclear Erom Ke3 2(e, — &g )+ BCT =—0.074+0.014
superallowed 3 exp
decays AZ° ~-3.5107

No reasons a priori for Y unitary !

A

2 2

e Since )/e,#d e 1 = O+éeys ~ —(& _5Ns)Sin2 0
sin @ = 0.22 ) Z pole FIT:

| S+e ~0.002 5= -0.0054(44
e —ey ~—0.035(7) [ T 0 (44)
J Tau: €ygsmall

—»> Consistent !

E. Passemar

RPP, 1¢" Mars, 2007 39



Conclusion :

« The LEET: a non decoupling scenario to look for physics
beyond the standard model

e Analysis at NLO :

* Couplings to Z: 6 parameters to determine ==) remarquable
agreement with the data at Z pole.

e Couplings to W in the light quark sector: 3 parameters to
determine 6 and 2 €.
— K, decay constrains (&s =&ys) (Cf Talk M.Oertel)
— No other experiments where we can detect a possible
enhancement of €q

— Hadronic 7 decays : = &ys and J +¢&,4 but
uncertainties on the hadronic parameters: order of
magnitude in agreement with the prediction of the LEET.

— I'y, neutrinos =) §
e Consistency !

Outlook :
 Heavy quarks, neutral currents, loop effects (CP violation,
FCNC...)).

E. Passemar RPP, 1¢" Mars, 2007 40



Additionnal slides




The LEET :




Minimal Higgs-less LEET
[J.HIrn & J.Stern, Phys.Rev.D73 ‘06]

« Whatis S, ?

=) S, can beinferred from L, asking :

— At ©(p*) , S__ selects all the (Higgs-less) vertices of the SM
and nothing else.

— Minimality.

=) S..= [SU@)®SUR)] ®U(),, ®Z

2vg

« Z, : Vg — -V forbids Dirac neutrino masses and charged

leptonic right-handed currents.

E. Passemar RPP, 1¢" Mars, 2007 43



SUQ); > SUQ2):

T 71
. , .

SU@ < X 0. Y hu),

[ R4 I

& SUQ); SUQ2), | composite
_,}_‘/ \_L Left+Right

AL Chiral fermions AR

Elementary

*GB X : ink L«—R
Spurions X, Y,® :link C«—E
«Covariant constraints reducing the symmetry and the physical dof to

SU@2)®U(1), <D, X=DY =D,0=0

« X~& Y ~n o~¢ small expansion parameters :

_ mtOp _
ap &1 = ™ =0(p), ¢ < &,7...LNV »

E. Passemar



Theoretical prediction
[Braaten et al '92, LeDiberder & Pich ’92....]

R.(m?) = 6msEW<_[>S| i (l_F] Hl+2%)lmﬂ(l)(S)+ImH(0)(S)}

T

Problem: Im IT,,,, contains hadronic part that cannot be predicted inQCD.

Use of the analytic properties of the correlator and the Cauchy Theorem:
IT is analytic except on the real, positive x axis.

tIm(s)
—_[ds g(S)-ImII (s)——— c_f: ds-g(s)-II (s) / - H“\
s|—so \
."fl \".
« We are now at High energy s,=M*=3 GeV’ * """""""""""" ¢ Re(e)
OPE is valid. \
« Kinematical factor —=> \ //
small contribution near the real positive axis. . -

E. Passemar RPP, 1¢" Mars, 2007 e
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DN CET ARSI AT

R, _ sin’@ £1+2(8Ns 4;5)} {4 D=2t _ D=24..

Ry cos’d sin’4 21+65©) 21+6)

\

QCD part: same SU(3) symmetry breaking quantity,
dominant term:

S(m ) == Convergence of the D=2 Wilson
m? coefficient ? Knowledge of mg ?

T

0.01

-0.01 S ——
100 150 200 250

m (m,)[MeV] [ALEPH data]
E. Passemar RPP, 1¢" Mars, 2007
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1.1 Standard decoupling scenario

 Low Energy degrees of freedom:
— all observed particles

Standard Model
— gauge group SU(2), ®U(1), }

o At Higher Energy, new symmetries and particles:
— Heavy states beyond the SM.

— Higher symmetries beyond SU(2),, ®U (1), .
—) Irrelevant at Low Energy E <« A

1 = . .
~— Op With D; mass dimension

L. =Ly +
ff SM DZ>:4A

At NLO, 80 independent D=6 SU (2),, ® U (1), invariant
operators.

» A finer classification of these new operators is needed !
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