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Indirect searches for new physics

Search of remnants of new physics:
In decays induced by

higher-dimensional operatorsg_ . barticles

Yet the standard model will also induce
higher-dimensional operatorse_ \w 7 & top

Msm
Mnp

NP competes with SM need high statistics

If SM contribution is suppressed: NP sensitivity enhanced



Interesting Topics (incomplete)

e = = —

very clean

Lepton Universality &
_CKM Unitarity

[ - clean and suppressed by V; Viq

SM Prediction
@
® Rare Kaon Decays MSSM & new light particles |

| ® (Semi-)leptonic Kaon Decays

® CP violation in €K new NINLO results




Leptonic and Semileptonic
K(T[)Hl{/l & K—>7Tl{/1

Observables
M(Kys) Vo |f.(0) =0.21661(47)
| [ < s f
| (Kuz) v — 0.27599(59)
| ( ) ud‘f o

and nuclear B decay V.4 = 0.97425(22) [Hardy,Towner 08]

n Ackm = ‘Vad‘ T ‘VLQLS‘ B
| — (0.1 £0.6) X 103
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CKM Unitarity (Model Independent)

[Cirigliano et.al. 09]

My
ANP

Anp > My Neglect @( ) corrections

 Use SUQR)®U(I) invariant operators Buchmiller-Wyler ‘06

(plus U(3)°flavour symmetry)

Oy = (o l(@yuota) 0Oy = (1

___ _ m— —— e s S — __

Constrained from EVV precision data [Han, skiba *05]

Gr(u — evv) — Gg(1 — 2a'? )w—:)G“
Redefine ' "

Gr(d wuev) — Gg(l — Qa{q)) — G}?L



CKM Unitarity (Model Independent)

—.+...)

[Cirigliano et. al. 09]

PDG __
VLL di

B - (v oy @v.oa)

from HEP
HEP + CKM _
CKM -7
e
Anp > 10TeV —(ly*o"1)(ly,0"1)




Leptonic and Semileptonic
K(T[)Hl{/l & K—>7Tl{/1

Observables

P — - -

| (K — ev) oM .
. Ry — Y _ 5 \
A ﬁ(K — HV) RK : 477(1) ><[C:ilrgliano, Rosell '07] |

RNAG2 — 9.500(16) x 10°

[numbers
from KAONO9]

RREOE —9.493(25)(19) x 10~°

r Test of lepton universality violation
~ driven by experimental precision




Lepton Unlversallty in the MSSM

LF Conservmg ~ Iepton mass

Lepton Flavour Violation: A3! ~ 9225
| [Masiero, Paradisi, Petronzio "08] 1ot

BLFV _ 'sm(K—eve) +Tsm(K—evy)]

Vr €ER sm (K — LV
My Mr, 310
T |
At ~ —3 Ag'[*tan, —> can reach 1072
my, . Me

But: finetuning of m. necessary [Girrbach et.al.'09]

Modelindependent MLFV and GUT analysis  [isidoriet.al."09]



Introduction:K — 7t v~v

S W 1% S W d
AW
u,c,t u,c,t
u,C,t' YE U, T
A
AW
d W \V\ v %

® Dominant Operator: Q- = (syyudy)(vey"vi)

I D ViViaF(xi) = Vi, Via(FE) — F

Quadratic GIM:




s — d and New Physics (NP)

b—s: b—d: s—d:
Vi Vis| oc A2 'V, Vil oc A8 Vi Veal <@

Rare K Decays: Additional Cabbibo suppression .

Clb—s) 0 | - Clb—d) - _
Leff = ( AZ S)(bFs)(vFv) | ( AT )(de)(vFv)
(Low NP scale ~ Anp ~ L Te\

Fﬁeneric NP C@ED) ~ |
‘New Physics scale /Anp >@TeV |




Rare K decays and New Physics:

W+ X+

® Test deviation of
flavour alignment
(Minimal Flavour

Violation MFV)

/ /

® Precise theory prediction

® Sensitive to small deviations from MFV

also:

KL —=mu'u
Ky —me'e




K — 1 vv:Effective Hamiltonian

CP violating

. 4GF x V th
Only top quark contributes:H g = LS - N
yroP 9 T V2 27sin? Ow Q

Use isospin symmetry and normalise to: K™ — m'e™v

. 2
Br(K{ — mvv) = kg <Im(\;‘5svtd)->
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Ki — m°vv :short distance

Xt s purely short distance

® NLO QCD: 1% (theor)')[Misiak etal,, Buchalla et. al. "99]

® EWV corrections large my:
+2% Uncertaint)’ [Buchalla, Buras "99]

® X(x{): Dominant theory uncertainty for K| — 71° vV

® For example a change (SHOSGUESSINE0W

results in 5% uncertainty AGr a Vi Via

Heg =
TR e




X(x¢): Electroweak Corrections

. e T e
® Use the MS scheme ¢ ___T__

W W Ve
® Normalise to Gr - - -
® VEV minimises renormalised o

potential: include tadpoles e
® Traces with ys: use HV scheme s d
o NLO EW: +0.5% shift W
[Brod, Gorbahn, Stamou "10] t
W



K; — mvu:Theoretical Status

X(x¢): Full NLO

electroweak corrections
[Brod, MG, Stamou "1 0]

Reduce theory uncertainty
| by factor of 2

———— = —

parametric

KL

Matrix element extracted
fromKsdecays. N2 LO yPT

[Mescia, Smith "07; Bijnens, Ghorbani "07]

Bri, = (2.6 £0.4) x 10~
< 6.7 x 107 [E3912 0]

No further long distance




K" -t vv andKL o WO\_/V

e — E— —

leferent from KL —

* CP conserving: .&-contrlbute

- Br (KT = 't vv(y)) = ki (1 + Apm)

| Vi, Voo SHIEED + A\'Re Ve, Vea (PEGREIEESPED) |

| ’ A°

2
mc M

‘2 suppression lifted by log(
w

1

—_— = —

' Only Q.,: Quadratic GIM & Isospin symmetry

® Top quark contribution like in Ki — 7i° v

R ——— — = = = = - —




K* - n"vv Long distance

[Mescia, Smith "07]

. KT = natvv is KT — trvv(y)

QED radiative corrections included: |

Aem(Ey < 20MeV) = —0.003 |

| ] . 1 ‘
e Uncertainty ink (1 — Agm ) reduced by -

[ e Below scale: Dimension 8 operators I

| [Falk et.al. 0l] |

- Together with light quarks: §P¢ 3, = 0.04 = 0.02

[Isidori, Mescia, Smith "05]

e oul_c] be Improved by Lattice pisidori et.al. ‘05]




K" - ntvv charm contribution

0.42

0.4

i | Pecat NNLO:+2.5% (theory)!
0.34 L 11 [Buras, MG, Haisch, Nierste "06] ;

0.32 lllllllllllllllllllllllllllllllllllllll

, ® Bilocal mixing is O(G?) 2
><>< ® What is the parameter x, = m2C
M

® EVW corrections define My,




K* — n*vv charm contr. (EW)

® Use MS scheme

® Normalise to Gr

| ® use

- 2
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Xo = \/5 S111 \¥
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1 ® instead of

3 oM (p)?
X

: cC — 2
Brod, MG 08
(Brod, MG 08 M2,

e P. enhanced by up to
2% for all EW



for mc (m.)

[Kuhn et.al. ‘07]

13r1<+ — (o 85 + o 07) % 10 10

— . S - e R T

Theory error budget

X(x¢)

74
™ Theory error:

10%x30% = 3% Parametric
uncertainty

Experiment [e787,e949 ‘0g]
' Bri+ = (1. 73+}(1)§) x 10719

Se— — — = = = S——— = = =




K — tvvin the MSSM

X

‘New physics in: X(x; x¢, m, MJ |

. f_ ~ MSSM is a 2HDM of Type II:
- L=-Y§ q — Yy q’ +h.c.
J for small tanp =0R)/88 = O(1)

- Yukawa and mass-matrix aligned

' Flavour Violation in 2
'squark mass matrix




K — tvvin the MSSM: MFV
X' F “Minimal Flavour Violation:
Allgned squarks and quarks

No strong enhancement possible.

L Interesting correlations with other
observable
[Buras, Gambino, MG, Jager, Silvestrini "00; Isidori, Mescia, Paradisi, Smith, Trine "06]
Diagonal
Flavour Violation in ., _ M2 ] veAl - vae
squark mass matrix =\ viA, —vauYy M2



K — 7tvv and non MFV

bffdiagonal squark mass-matrix: E

~

xtra Flavour Violation|

— e

|
|
|
\

'Diagonalisation:
Mass insertions

2 LR insertions dominan

[Colangelo, Isidori "98]

2 u* uw
X1 X 6LRtS LR:q4

\

—

No CKM suppression

Mvissm/ Tsm

tanB =2—4 p=>500+10GeV M,y = 300 + 10GeV
Ma, = 600 4+ 20GeV Mg, =800 +20GeV Ay = 1TeV o .
M1 = 500GeV MaR = Mi = M3 = Ml:l+ = 2TeV ‘A]_S‘ or

" 4 ko
ia
| I |

0o

Ass3/(GeV)




Beyond the Z-Penguin

Experiment: Background from frequent K*-Decays

Arbitrary Units

K*—=mtntn

| | | | | | |
0.1 0.15

-0.15

m2, .. GeV?/c*

the shape!

® |n all models there is

only one operator for




Missing Mass Distribution (NP)

(Can new phy5|cs change themlssmg mass distribution? |

| K™ — 71"+ and new light particles:

‘ Sen5|t|V|ty to the mass New Operators

TO)’ example recently studied [Dreiner et.al.‘09].
light neutralinos:

+ +~0~0
K" — " x1X31

MFV: one loop : : @ d
15 > S& = <> >
Non-MFV: tree level = <> <>
& & 0




Light Neutralinos

Decay in very light neutralinos: K™ — 717X X7 (reiner ec.a.'09

—~

in Non-MFV scenarios: “in MFV scenarios:

— 0N - K+ + 5
myo =0:oxto K" - " vv |  effects are smaller but
mgo # 0 gto KM —mh vy new operators like

| -—-- 58 MeV
----- 100 MeV

SE T e o Vi appear, yet the SM like
| o (sypd) (XYY
| Operator dominates

| | *Estimate the missing mass
~os | distribution for new Ops




Decay in One Light Boson 7

* Peak in the missing mass distribution
* Already constrained by Experiment: Bx . +p S Bx—ntow
* e.g.: Meta-stable SUSY Violationsanks Haer 09

a5 coupling to light pseudo-
o Qo1 VAR Nambu Goldstone boson
effl — A3 tdVits
ISS
ﬁM like Flavour suppression

2TeV
Arss

-
B+ _p+p ~5-1071° ( ) contributes only for small scale Arss

In this model there is also a coupling to electrons:
For light mpred star cooling gives a much stronger bound

MFV like & electron coupling: Model dependent



€ :Indirect CP violation

® |n almost all old analysis: ¢ = 45°

® In reality: @+0 @B #45°
ex™ = @exl(dpe =45°, & =

also similar effect as P, in €

((7t71) 1=0|KL)

(7t71) 1=0/K's)

Im(M]fz)

e = eid)e Sin Cl)e ( AMK | E,)

and &E=0

[Andriyash et. al/04]

0)

& =0.94-

- 0.02

[Buras, Guadagnoli, Isidori " 10]



Calculation of M%, = (K325 1K)

Box diagram

> >
W+
u,c,ty AU, C,t
W=+
< <

plus GIM:

8 8-

Gives three different
contributions for

MY, = (KOIH25?IKO)

Mo NneSx) @B
+F2A ANt S(Xe, Xt ) “
NSt [0 Q (D

~

Q= (srypdo)(scy™de)



Calculation of MY, = (K%|32572(K)

5 > > d 5 > > d g
W= W=
LY X LY Xe
d W s d W= s
top charm top
log x¢ log x (logxc)? x
hard GIM
LO (g logxc )™ (s logx.)™ log X, (o¢g log xe )™
NLO s (g logxe )™ (ocs log xc )™ s (ot logxe )"
€K /5% 37% -12%

scale | .8% 7.5% 1 7.7%




€K :.Ce.‘vch)\Qﬁ(‘Vcb‘Z(l — P)MeeSo(xt)
"'.SO(Xc) Xt ) _.Xc)

ex = (1.78 £ 0.25) - 103

[Buras, Guadagnoli‘09]

Theory uncertainty

\

Parametric uncertainty
V.| =41.2(1.1) - 10°
n, 0, - -




Error Budget for ex @ NLO

For a@% uncertainty inBg
the perturbative uncertainties

become dominant

Net Nct: largest uncertainty
needs a 3 loop RGE analysis

B4 Moo  Mec :secgnd largest |
perturbative uncertainty
2% needs a 3 loop matching

Mtt calculation

[Brod, MG in progress]



nct :Charm Top at LO

d ® The Leading Order result
W (s logxc )™ log xc
starts with a log x.
® T[ree level matching

® One-loop Renormalistion
Group Equation
LU C, U mC

m2Ac(Ae — Ay) log

) c, U m(QJ\C p MW
& ~
— M2AA:Q log xc
! e S



nct Charm Top beyond LO

® One-loop matching at Ht
One-loop matching at p.

Two-loop RG running

Plus d=6 operators NLO

[Herrlich, Nierste]

MNect = 0.47 = 0.04

NNLO: RGE and matching

for d=6 operators rce Mg,
Haisch "04], Matching: [Bobeth, et. al. '00]

Still O(10000) diagrams

were calculated




Nctat NNLO

0.2-|""|""|""""'ll---l----I....I....I....
0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3




Conclusions

K — 7tv~v very clean and suppressed

probe of the new physics flavour structure

€K Improvements Bx —> NNLO calculation
Strong NP sensitivity: Talks by Blanke & Haisch

very clean semileptonic and leptonic modes
are also interesting



