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Considering the improved sensitivity of the high energy experiments nowadays, it is important to revise
unquestioned assumptions that were valid 20 years ago.

@ How suppressed is new physics at tree level, in view of current experimental results?
b — dX

b — sX

Two possibilities for exploring possible new tree level effects

e Do an investigation using different models.

e Look at the constraints from current experimental data in a model independent way.
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Investigating for new physics in a model independent way

Effective theory approach

_ Gr (D) pp’ pp’
He = £(X 22 we

pp’=u,c i=1,2
10

+ 30 MDD GlIQ + Gy Qry + Cag Qug | ) +hc.
p=u,c i=3

Introduce deviations at the matching scale pw = My .

a = c"+ag
G = G"+aG

Evolving C; down from pw &~ My to up = mp

propagates the deviations to other operators as well.

Gi(us) = O, )i G(nw)
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In order to get stronger bounds we consider constraints on AC; and AC, for the generic operators

(dv.PLq) (' v"P.b) and (57, P.q) (8’7" PLb)
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Constraints

Extra constraints from:

@ Total life-time of b-hadrons.

@ Transition b — cés = Br(B — Xsv)

@ Decay rate difference for the Bs meson Arl'g

@ Semileptonic asymmetry a3.
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We analyzed the effects of possible new physics at tree level on two observables:

@ The decay width Al', associated with By meson oscillations

@ The CKM angle v
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Effects on Al'y

2 (8)-=(%)

Y9 =M — %rq; M9 and 9 are hermitian matrices.

ilberto Tetlalmatzi Joachim Brod, AlexandeiPossible new physics in tree level decays and November 5,



Effects on Al'y

2 (8)-=(%)

Y9 =M — %rq; M9 and 9 are hermitian matrices.

cu d

o
g
Q
=

ol
0l
<
S
s
S

|
o
<
=

d w+

November 5,

ilberto Tetlalmatzi Joachim Brod, AlexandeiPossible new physics in tree level decays and



Effects on Al'y

2 (8)-=(%)

Y9 =M — %rq; M9 and 9 are hermitian matrices.

b w d b o u d
tcu tou w wt
l w* b a o 5
ir ir
sd M — %13 My — =52
TA\mr T2 om if
127 72 1= =
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2 (8)-=(%)

Y9 =M — gr‘V; M9 and 9 are hermitian matrices.
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T wr b5 7 ca 5
My — T py, — T2 Ar= M — 50
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Oscillation observables:
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Oscillation observables: AMy = My — M = 2|Mq»|
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2 (8)-=(%)

59 =M9 — gr‘V; M9 and T9 are hermitian matrices.
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Effects on Al'y

2 (8)-=(%)

Y9 =M — gr‘V; M9 and 9 are hermitian matrices.

b w d b o u d
tcu tou w wt

@ w- b i ca b

; My, — ir My — T2 ) A =M — Eer
y9 = N il'%fz il'211 — Eigenvalues )
Oscillation observables: AMy = My — M = 2|Mq»| Aly =Ty — 'L & 2|12|cos(¢)
; _ M 4 r .

with ¢ = arg (—Tf) ag = ’#122 sin(¢)
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The observable Al 4
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The observable Al 4

Motivation: the like-sign dimuon asymmetry Acp
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Standard interpretation: CP violation in mixing Acp o< A?, = Cdag, + Csazl
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The observable Al 4

Motivation: the like-sign dimuon asymmetry Acp

Standard interpretation: CP violation in mixing Acp o< A?, = Cdag, + Csazl

ALPY — (_0.787 +0.172 4 0.093)%  Phys. Rev. D 84, 052007 (2011)
3.9 o deviation from the SM
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The observable Al 4

Motivation: the like-sign dimuon asymmetry Acp
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b — ucs: A(B™ — DOKf) = A2 — Vb Vs Relative weak phase ~y

The D and the D then decay into a common final state f which leads to interference.
B™ = D°K™ — fK~ B™ — D°K™ — fK~

A(B™ — D°K™)

i(6g—")
A(B— — DOK-)

rge =

with rg = Az/Al and 55 = 52 — (51

The B — DK transitions receive contributions only from tree level operators and not from penguins

—> very clean determination of ~.
Different extraction possibilities depending on the final state f considered

@ f can be a CP eigenstate: GLW method.
@ Cabibbo suppressed D° — f against Cabibbo allowed D° — f. f = K*w~, K*p~ :ADS method.
@ fis a multi body final state: Ksm™n—, KsK~ K+, Kst~ntn% GGSZ method.
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Sources of reducible uncertainty:

ilberto Tetlalmatzi Joachim Brod, AlexandeiPossible new physics in tree level decays a November 5, 2015 10 / 13



The CKM phase ~

Sources of reducible uncertainty:D — D, K—-—K mixing, QED corrections.
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The CKM phase ~

Sources of reducible uncertainty:D — D, K—-—K mixing, QED corrections.

Sources of irreducible uncertainty:Higher order electro-weak corrections

8v/v < O(10~7) for B — DK transitions.

Brod and Zupan, JHEP 1401, 051 (2014)
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The CKM phase ~

Sources of reducible uncertainty:D — D, K—-—K mixing, QED corrections.

Sources of irreducible uncertainty:Higher order electro-weak corrections

8v/v < O(10~7) for B — DK transitions.

Brod and Zupan, JHEP 1401, 051 (2014)

q 8.8 q 9
Current experimental precision achieved by LHCb: ~ = (73t10)°
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The CKM phase ~

Sources of reducible uncertainty:D — D, K—-—K mixing, QED corrections.

Sources of irreducible uncertainty:Higher order electro-weak corrections

8v/v < O(10~7) for B — DK transitions.

Brod and Zupan, JHEP 1401, 051 (2014)
o

. .. . X 9
Current experimental precision achieved by LHCb: ~ = (73t10)

Expected sensitivity at LHCb and Belle Il of 1° arXiv: 1011.0352
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The CKM phase ~

Sources of reducible uncertainty:D — D, K—-—K mixing, QED corrections.

Sources of irreducible uncertainty:Higher order electro-weak corrections

8v/v < O(10~7) for B — DK transitions.

Brod and Zupan, JHEP 1401, 051 (2014)

q 8.8 q 9
Current experimental precision achieved by LHCb: ~ = (73t10)°

Expected sensitivity at LHCb and Belle Il of 1° arXiv: 1011.0352

How large can be the corrections on v due to new physics effects at tree level?
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The CKM phase vy

A(B™ — D°K™) =< D°K™|Hir|B™ > A(B™ — D°K™) =< D’k |HIZ|B™ >

Gilberto Tetlalmatzi Joachim Brod, AlexandeiPossible new physics in tree level decays and November 5, 2015 11 /13



The CKM phase vy

A(B™ — D°K™) =< D°K™|Hir|B™ > A(B™ — D°K™) =< D’k |HIZ|B™ >
A(B~ > D°K™) _ isgm) _ VusVi < DK™ |Q5%[B” > [cz +ra cl]
A(B- = D'%K—) ° T VaVi < DK [QE%1B > LG+ G
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The CKM phase vy

A(B™ — D°K™) =< D°K™|Hir|B™ > A(B™ — D°K™) =< D’k |HIZ|B™ >
A(B™ — D°K™) — peilia _ Vi Vi < D°K™|QF|B~ > [Cz + Iy cl]
A(B— — DOK—) VoV < DOK—|Q5% B~ > L G + G
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
Fpt = ——=—————— ra =

< D'K—|Q|B~ > T < D°K-|Q|B- >
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The CKM phase ~

A(B™ = D°K™) =< DK™ |HEE|B™ > A(B~ — D°K™) =< DK~ |HIS|B™ >
AB~ = D°K™) rael8 ) _ Vi Vi < D°K™|QF|B~ > [Cz + ra cl]
A(B— = DOK—) Vo Vi < DOK=|Q5%|B- > L G +raG
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
Fpt = ——=—————— ra =

< DK~ |Q<|B~ > < D°K—[@5*|B~ >

G +AG + rar (Cl + AC1> G +raGy

108~ . ppei0e=] ]
C+rwG C2+AC2+rA<C1+AC1)
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The CKM phase ~

A(B™ = D°K™) =< DK™ |HEE|B™ > A(B~ — D°K™) =< DK~ |HIS|B™ >
AB~ = D°K™) rael8 ) _ Vi Vi < D°K™|QF|B~ > [Cz + ra cl]
A(B— = DOK—) Vo Vi < DOK=|Q5%|B- > L G +raG
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
rpr = ——=——"—F ra =

< DOK—|Qi=|B~ > < D°K~]Q5*|B~ >

G +AG + rar (Cl + AC1> G +raGy

108~ . ppei0e=] ]
C+rwG C2+AC2+rA<C1+AC1)

Expanding in | 1| and \AC2|

Gilberto Tetlalmatzi Joachim Brod, AlexandeiPossible new physics in tree level decays and November 5, 2015 11 /13



The CKM phase ~

A(B™ = D°K™) =< DK™ |HEE|B™ > A(B~ — D°K™) =< DK~ |HIS|B™ >
AB~ = D°K™) rael8 ) _ Vi Vi < D°K™|QF|B~ > [Cz + ra cl]
A(B— = DOK—) Vo Vi < DOK=|Q5%|B- > L G +raG
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
rpr = ——=——"—F ra =

< DOK—|Qi=|B~ > < D°K~]Q5*|B~ >

G+AG+ 1 (G +AG)
rge’®8=7) rBe/'(zSB—“r)[ i GG ! G +mnG ]
C+rwG C2+AC2+rA<C1+AC1)
Expanding in | 1 | and \AC2 |
ImAG

oy ~ (ra — r/f‘) G
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The CKM phase ~

A(B™ = D°K™) =< DK™ |HEE|B™ > A(B~ — D°K™) =< DK~ |HIS|B™ >
AB~ = D°K™) rael8 ) _ Vi Vi < D°K™|QF|B~ > [Cz + ra cl]
A(B— = DOK—) Vo Vi < DOK=|Q5%|B- > L G +raG
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
rpr = ——=——"—F ra =

< DOK—|Qi=|B~ > < D°K~]Q5*|B~ >

G+AG+ 1 (G +AG)
rge’®8=7) rBe/'(zSB—“r)[ i GG ! G +mnG ]
C+rwG C2+AC2+rA<C1+AC1)
Expanding in | 1 | and \AC2 |
ImAG

oy ~ (ra — r/f‘) G

From naive factorization ra =~ 0.4.
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The CKM phase ~

A(B™ = D°K™) =< DK™ |HEE|B™ > A(B~ — D°K™) =< DK~ |HIS|B™ >
AB~ = D°K™) rael8 ) _ Vi Vi < D°K™|QF|B~ > [Cz + ra cl]
A(B— = DOK—) Vo Vi < DOK=|Q5%|B- > L G +raG
with
< DK~ |Q{¢|B™ > < D°K~|Qf*|B~ >
rpr = ——=——"—F ra =

< DOK—|Qi=|B~ > < D°K~]Q5*|B~ >

G+AG+ 1 (G +AG)
rge’®8=7) rBe/'(zSB—“r)[ i GG ! G +mnG ]
C+rwG C2+AC2+rA<C1+AC1)
Expanding in | 1 | and \AC2 |
ImAG

oy ~ (ra — r/f‘) G

From naive factorization ra =~ 0.4.

Naive colour counting and including the annihilation topology r, ~ 1.
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Effects on
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Effects on
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Re ACy(My) Re ACy(My)
ImAG, € [—0,62; +o.14] ReAC, € [—0.19; +o.13]
ImAG, € [—0.19; +0‘11] ReAC, € [—0.066; +0.022]
5y ~ +4° not excluded by current experimental data.
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Conclusions and outlook

@ We have investigated the uncertainty in tree level transitions -space for new physics- b — d, s
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@ We have investigated the uncertainty in tree level transitions -space for new physics- b — d, s

@ We considered different observables to constrain the tree level Wilson coefficients Ci .

@ Deviations of O(10%) on C; 2 not ruled out by current experimental measurements.

@ Less constrained Wilson coefficient is C;.

@ Possible new physics effects at tree level not excluded by current experimental data lead to |§v| & 4°.
@ Al can be enhanced by several hundred percent due to the allowed deviations at tree level.

@ |57] can be reduced if the accuracy in different measurements is improved.

Example: Reducing the error in ag, by 20 % cuts sizably the space allowed for Im (ACl).
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Conclusions and outlook

@ We have investigated the uncertainty in tree level transitions -space for new physics- b — d, s

@ We considered different observables to constrain the tree level Wilson coefficients Ci .

@ Deviations of O(10%) on C; 2 not ruled out by current experimental measurements.

@ Less constrained Wilson coefficient is C;.

@ Possible new physics effects at tree level not excluded by current experimental data lead to |§v| & 4°.
@ Al can be enhanced by several hundred percent due to the allowed deviations at tree level.

@ |57] can be reduced if the accuracy in different measurements is improved.

Example: Reducing the error in ag, by 20 % cuts sizably the space allowed for Im (ACl).

@ Preliminary results from a deeper statistical analysis provide similar conclusions.
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