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Ambiguity of new physics scale from flavour data
\Eu,

5
L= Léauge + Liiggs +z — O + ..

e SM as effective theory valid up to cut-off scale Ayp
e Typical example: K9 — K9-mixing ©°% = (5d)<:

M UME, % (5d)2 4 N AF % (5d)? = Anp > 104 TeV

(tree-level, generic new physics)
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L= Léauge + Liiggs +z — O + ..

e SM as effective theory valid up to cut-off scale Ayp
e Typical example: K9 — K9-mixing ©°% = (5d)<:

M UME, % (5d)2 4 N AF % (5d)? = Anp > 104 TeV

(tree-level, generic new physics)
e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions) = Ayp £ 1TeV

e EW precision data — little hierarchy problem = Ayp ~3—10TeV

Possible New Physics at the TeV scale has to have a
very non-generic flavour structure

(CE&Mm/Mw + Clp /Anp ) X O;



Parameter bounds from flavour physics are model-dependent

Status of the inclusive mode B — X

NLO matrix elements in b — sy
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Virtual O( ;) corrections to the inclusive decay b— sy
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We present m detail the calculation of the O(«,) virtual comrections to the matnx element for 5—s5y. In
addifion to the one-loop virtual comrections of the electromagnetic and color dipole operators @, and O, we
mclude the important two-loop contnbution of the four-Fermi operator O, By applving the Mellin-Barnes
representation to certain mternal propagators, the result of the two-loop diagrams 15 obtamned analytically as an
expansion in mi, /m, . These results are then combined with emisting O(a,) bremsstrahlung cormrections in
order to obtamn the inclusive rate for B8— X, y. The new contnbutions drastically reduce the large renormaliza-
tion scale dependence of the leading logarithmic result. Thus, a very precise standard model prediction for this
mclusive process will become possible once the comections to the Wilson coefficients are alse available.



Parameter bounds from flavour physics are model-dependent

Status of the inclusive mode B — X,y

HFAG: B(B — X,y) = (3.57 £ 0.24) x 107* (for E,, > 1.6 GeV)
VS
SM: B(B — X,y) = (3.15+0.23) X 107* (for E;, > 1.6 GE€V)  pri sz 022003(2007)

NMNLO calculation by M.Misiak et al.
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Status of the inclusive mode B — X

HFAG: B(B — X.y) = (3.57 £ 0.24) x 10~* (for E,, > 1.6 GeV)
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Charged Higgs bound (2HDM)
my+ > 300 GeV
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Flavour@High-pr Interplay

Can ATLAS/CMS exclude MFV 7

Can we ignore flavour when analysing possible

new physics at the electroweak scale?

= CERN workshop on the interplay of flavour and collider physics
Fleischer Hurth,Mangano see http://mim.home.cern.ch/mim/FlavLHC.html
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First meeting:

CERN, November 7-10 2005

httpe//mim.hame.carn.ch/mim/FlavLHChtml
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5 meetings between 11/2005 and 3/2007

arXiv:0801.1800 [hep-ph] “Collider aspects of flavour physics at high Q"
arXiv:0801.1833 [hep-ph] “B, D and K decays”

arXiv:0801.1826 [hep-ph] “Flavour physics of leptons and dipole moments”

published in EPJC 57 (2008) 1-492
and in Advances in the Physics of Particles and Muclei, Vol 29, 480p, 2009



Follow-up workshop

Interplay of "
ollider and Flavour Physics
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Quark flavour at ATLAS/CMS

¢ Probing Minimal Flavour Violation at the LHC
Grossman,Nir, Thaler,Volansky, Zupan,arXiv:0706.1845

( 1 0.23 D\
To an accuracy of (2(0.05) VEEM .93 1 0

LHC —
\ 0 0 1)

New particles (i.e. heavy vector-like quarks) that couple to the SM quarks

decay to either 3rd generation quark, or to non-3rd generation quark, but
not to both.




Quark flavour at ATLAS/CMS

¢ Probing Minimal Flavour Violation at the LHC
Grossman,Nir, Thaler,Volansky, Zupan,arXiv:0706.1845
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To an accuracy of (2(0.05) VEEM | _0.23 1 0

LHC —
\ 0 0 1)

New particles (i.e. heavy vector-like quarks) that couple to the SM quarks

decay to either 3rd generation quark, or to non-3rd generation quark, but
not to both.

If ATLAS/CMS measures BR(q3) ~ BR(g1 2) then this excludes MFV.

MFV prediction for events with B’ pair production:

F(B"F — X{jqulj, )
F(B"F — X(}qulj) + F(B"F — thg(}g)

< 107?

Flavour tagging efficiencies are crucial.



Quark flavour at ATLAS/CMS II

Hurth,Porod,hep-ph /0311075
e Flavour-violating squark and gluino decays arXiv:0904.4574 [hep-ph],
to appear in JHEF

e Squark decays:
d_'"-l—

— iy = iy —_—
Ui — WX, QX dl_} dj){;.;: UiX,

with:=1,..,6, 7=1.2,3, k=1,...4and [ =1, 2.
e | hese tree decays are governed by the same mixing matrices as the

contributions to flavour violating low-energy observables

e In the unconstrained MS5M new contributions to flavour violation
— CKMe-induced contributions from H7T, yvT exchanges

— flavour mixing in the sfermion mass matrix

e Possible disalignement of quarks and squarks



Strategy:
e [ake susy benchmark points: SPS1a’,~v, and I"

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)

¢ Use all experimental and theoretical bounds
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Strategy:
e [ake susy benchmark points: SPS1a’,~v, and I"

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)

¢ Use all experimental and theoretical bounds

= Information on flavour-violating tree decays

e [lavour-violating squark and gluino decays can be typically of order of 10%,

- consistent with the present flavour data.
- common feature for a couple of SUSY benchmark points like SPS1a’,~, and I”

- even 40% possible for large new physics contributions



Typical results for squark and gluino decays

decaying final states and corresponding branching ratios in Y for
particle . épp.23 = 0.01,0p rR2a = 0.1 II. dpp.23 = 0.04, 6p rR2s = 0.45
d, — b, 4.4 9%, 29.8 | ¥it. 37.0 s, 36.8 | %, 42.2 | %, 10.9
I: br(bg) i W=, 27.7 Vit, 9.6
dy — s, 8.0 9, 6.4 | 9, 19.0 Vb, 2.1 | 9, 273 | iit, 34.6
I: bp(br, 5R) b, L1 9%, 18| wit. 246 | a0y, 33.2
i W=, 38.9
dy — Wis, 0.1 9h. 6.3 9s, 25.3 Vid, 23| x8d, 31.7 | yyu., 59.7
I: 5p(30.bR) TTu, 2.1 | W7e, 473 | W, 4.8 Tre. 3.0 wpu., 2.3
ds — 0d, 2.3 | 10, 31.7 | ¥yu. 59.9 s, 22| s, 307 tywm, 29
I: t'fL Yi1¢, 2.8 you, 2.3 Y1c, A8.5 YzC, 2.3
dg — %, 3.1 W0s, 306 | fyu. 27 s, 19.7 | 9%, 18.8 [ 9, 2.9
I: 5.(5R) Tie, 581 vae, 24 9%, 29| zt. 5.8 is, 2.2
gh, 39.8 | @yW—, 5.5
q— qt, 19.2 o, 8.2 tgtl . 8.3 uqgt, 13.5 taC, D.8 g, H.8
tqtt, 4.2 e, 4.2 g, 2.6 g, 2.6
dis, 14| dib, 206 dis, 21.1 | dib, 22.7
dys. 6.3 dob, 9.0 | dsd, 8.3 dob, 14.0 dad . 5.9
dys, 2.3 | db, 1.3 dgs, 2.8 dyd, 2.3 dsd, 3.3

— = — e — — i —
iy =

II: i'?1 = E‘R- Sribr), dg = Sg,br(br), da ~ by, dg ~ t'?ﬁ-. fL s L’EL and ds ~ s,



Impact on LHC

This can complicate determination of sparticle masses: ﬁ — bbj. — bbig

10* d(BR(§ — bby9)/dimg 10* d(BR(g — bsx})/dmus
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Again: flavour-tagging at LHC important, but difficult
Additional information from ILC or from Superflavour factory needed !

Further observables work in progress



Future Opportunities

e LHCb (5 years) 10fb—1: allows for wide range of analyses,

highlights: Bs mixing phase, angle v, B — K*up, Bs — pp,Bs — ¢¢
then possibility for upgrade to 1003%‘1

e Dedicated kaon experiments J-PARC E14 and CERN P-326/NAG62:
rare kaon decays K? — n%w and K+ — ntwi

e [wo proposals for a Super-B factory:

BELLE II at KEK and SuperB in Frascati {TE&E}_I}

Super-B is a Super Flavour factory: besides precise B measurements,
CP violation in charm, lepton flavour violating modes ™ — u~,...



Opportunity for LHCb (restriction to exclusive modes): B — K*te

In collaboration with Egede, Reece (LHCbh,Imperial) and Matias, Ramon (Barcelona)
JHEP 0811:032,2008, arXiv:0807.2589 [hep-ph] and arXiv:0912.1339, arxiv:0912.1349

Factorization formulae based on soft-collinear effective theory (SCET):

for B — K* formfactors F, = H("(E) 4+ ¢ @ T, @ dree + O(A/ )

for the decay amplitudes 7)) = CW¢ + ¢p @ T @ ¢y gor + O(N/m13)
— Separation of perturbative hard Kernels from process-independent
nonperturbative functions like form factors

— Relations between formfactors in large-energy limit

— Limitation: insufficient information on power-suppressed A/my terms
(breakdown of factorization: 'endpoint divergences’)

Phenomenologically highly relevant issue

general strategy of LHCb to look at ratios of exclusive modes



Angular analysis of B — K*{ti—

Assuming the K* to be on the mass shell, the decay B% — K*°(— K xt)eti
described by the lepton-pair invariant mass, s, and the three angles 6;, 0., ¢.

After summing over the spins of the final particles:

) 9
i — (g6, 0k, ¢)sinb,sin g
dg? df; df do 327 (q°, 8, 05, @) sin B, sin A

[ = I + Iy cos 26; + I sin® 8; cos 2¢0 + 14 sin 26 cos @ + Ir sin 6 cos @ + I cos b

+ I7sin#;sin @ + Igsin 26 sin ¢ + Iq sin” G sin 2¢.

LHCb statistics (10 b1, = 2fb™!) allows for a full angular fit!
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Careful design of observables

e Good sensitivity to NP contribitions, i.e. to Gf‘ff

¢ 5Small theoretical uncertainties

— Dependence of soft form factors, £, and z;””, to be minimized !
form factors should cancel out exactly at LO, best for all =

— unknown A/m,; power corrections
0 .
AL,H,D = Al,”,n (1 -+ '-‘1.||.u) vary ¢; in a range of £10% and also of 5%

— Scale dependence of NLO result

— Input parameters

e Good experimental resolution

New observables

A2 _ ALl AP @ _ [AorAjy + AjpA|R|
B AP+ (42 ! V1402 AL 2
A _ Ao Al — AjpALRl
AW —

As AL + AorAl ]

Mext step: design of observables sensitive to other new physics operators
(see also Buras et al. 2008)



Phenomenological analysis

Analysis of SM and models with additional right handed currents (Gf‘ff}

Specific model:
MSSM with non-minimal flavour violation in the down squark sector

4 benchmark points
Diagonal: p= My = M= My+ =mz, =1 TeV tan3=>5

e Scenario A: mz =1 TeV and m; € [200,1000] GeV
—0.1 < (8fg)s, <0.1

a) mg/mg=2.5, (8{g),, = 0.016

b) mz/mg= 4, (67g),, = 0.036.

e Scenario B: mgy=1 TeV and mjz € [200,800] GeV
mass insertion as in Scenario A.

¢) mg/mg= 0.7, (6¢5),, = —0.004

d) mg/mg= 0.6, (6fp),, = —0.006.

Check of compatibility with other constraints (B physics,p parameter,

Higgs mass, particle searches, vacuum stability constraints



Results 2 _ A2 — |42
Ar
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Remark: SuperLHCB/SuperB can offer more precision

Crucial: theoretical status of A/my corrections has to be improved
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CP violating observables

e Angular distributions allow for the measurement of 7 CP asymmetries
(Kriiger,Seghal,Sinha® 2000,2005)

e NLO (as) corrections included: scale uncertainties reduced
(however, some CP asymmetries start at NLO only)

(Bobeth,Hiller,Plranishvill 2008)

e New CP-violating phases in Gm,(’;"m, Cyg, and G‘é are by now NOT wvery
much constrained and enhance the CP-violating observables drastically
(Bobeth,Hiller,Piranishvill 2008; Buras et al. 2008)

e New physics reach of CP-violating observables of the angular distribu-
tions depends on the theoretical and experimental uncertainties:

— soft /QCD formfactors
— other input parameters

— scale dependences
— A /my, corrections

— experimental sensitivity in the full angular fit



Appropriate normalization eliminates uncertainties due to formfactors
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Orange bands: scale/input uncertainty including formfactors
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A /my, corrections very small due to small weak SM phase

L EEEEE——— Uuo -
[ bs _ TOs ] [
[ ABs ! ! ] 0.05F
Elﬂﬂ'_— - Tr 28 IES + j_'ES . :
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Uncertainty due A/my corrections significantly smaller than
error due to input parameters

Ansatz with random strong phases ®; , and Cy 5, with 5% and 10%
A= A;(1+ C1e™1) + €% Ay (1 + Cre™?)

Will be significantly larger in scenarios with large new physics phases



Possible new physics effects versus experimental uncertainties
v LR L IL U R S B B B B

T [ preliminary '
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New physics not outside the experimental 20 range.

However, all phases (0 — 27) are compatible with the present data
In contrast to observables like At,, CP observables call for Super-LHCb



Opportunities at a Super Flavour Factory

see JHEP 0802 (2008) 110, arXiv:0710.37¢

Measurement of lepton flavour violation
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Superflavour factory: CKM theory gets tested at 1%

'the dream’
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Superflavour factory: measurement of clean modes

B — Tv! B factories 20%
2HDM-II
b N

BR(B—T1v)=BRy(B—TV)

m
1——ftan2[3

H

0.5

Super B factories 4%

tang
(Assuming SM branching fraction is measured)

M. (TeV)



Two final remarks:

¢ ExXperimental evidence beyond SM:

e Dark matter (visible matter accounts for only 4% of the Universe)

e Neutrino masses (Dirac or Majorana masses 7)

e Baryon asymmetry of the Universe (new sources of CP violation needed)

At least two of them have to do with flavour !



e |LHC versus Flavour constraints

600

Combined Higgs search constraint from ATLAS: arXiv:0901.1502

My |GeV |
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Converted constraints expected from
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Courtesy of Adrian Bevan



