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Why new Physics at Tree Level?

@ Based on the data available there is plenty of room for deviations from the Standard
Model (SM).

@ New Physics (NP) effects in semileptonic tree level transitions b — clv:

_ B(B— D™ rv)

Ryw = ot
D) B(B — D) iv)

BABAR + LHCb + Belle combination 3.9 o deviation with respect to the SM.

Amhis et al. (2016), arXiv:1612.07233 [hep-ex]

@ NP effects in semileptonic tree level transitions b — ulv:
By considering different ratios between the branching fractions for the processes:
B™ -y vy, BT — 71 D, B — ntp,, B — pliy
it is found that there is plenty of room for NP scalar and pseudoscalar interactions.

Banelli, Fleischer, Jaarsma and T-X, Eur.Phys.J. C78 (2018) no.11, 911
arXiv:1809.09051 [hep-ph]
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New Physics at tree level in non-leptonic B decays

We want to explore the possibility of having NP in the non leptonic processes:

b — uud b — ucd b — cud b — ccd (d —s).

In the SM these processes proceed at tree level
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New Physics at tree level in non-leptonic B decays

The possibility of having NP at tree level in hadronic B decays has been considered before to:

@ Address the 2010 DO dimuon asymmetry
Bauer and Dunn, Phys. Lett. B 696 (2011) 362, arXiv:106.1629 [hep-ph]

@ Evaluate enhancements in the Bg observable ATy
Bobeth, Haisch, Lenz, Pecjak and T-X, JHEP 1406 (2014) 040, arXiv: arXiv:1404.2531
[hep-ph]

@ Investigate the AAcp puzzle in B — Kr decays
Bobeth, Gorbahn, Vickers, Eur.Phys.J. C75 (2015) no.7, 340, arXiv:1409.3252 [hep-ph]

@ Evaluate the impact on the determination of the CKM angle ~
Brod, Lenz, T-X, Wiebusch, Phys. Rev. D.92 (2015) no. 3, 033002, arXiv: 1412.1446
[hep-ph]

However none of these studies has been complete or has accounted properly for the
uncertainties due to non- factorizable hadronic contributions.

Gilberto Tetlalmatzi (Nikhef) NP at tree-level in hadronic B decays March 31, 2019 4 /26



Effective field theory formalism

We have followed an effective theory approach

b c

_ u d
u d

In the SM tree level interactions are described by two effective operators

@1 = (E&b“:;) (c_{gu(¥> ©2 = <Eaba) (a(-;U[j> B
V_A V—A V—A V—A

The tree level effective Hamiltonian is
Hai = f > (Cpp (W@ + ¢ (u)ogp) Aot = Vos Vg
pp'=u,c

In the SM at NLO
Cl(mb) ~ —0.19 Cg(mb) ~ 1.08
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Effective field theory formalism

Although we are interested in NP at tree level our computations involve other topologies.

The full effective Hamiltonian used during our computations is given by

Gr o
Herr = $< Z /\,‘ip/ZC;pp (1) QPP

p,p’'=u,c i=1,2
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Effective field theory formalism

Although we are interested in NP at tree level our computations involve other topologies.

The full effective Hamiltonian used during our computations is given by

Gr o
Herr = $< Z )\gp/zcipp (1) QPP

p,p’'=u,c i=1,2

10
+ Z AZ [Z Ci(.u)(:?,'-J + Gy @77 + ng@sg} >+h.c. ,

p=u,c i=3
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Effective field theory formalism

Although we are interested in NP at tree level our computations involve other topologies.

The full effective Hamiltonian used during our computations is given by

Gr o
Herr = $< Z /\,‘ip/ZC;pp (1) QPP

p,p’'=u,c i=1,2

10
+ Z AZ [Z Ci(.u)(:?,'-J + Gy @77 + ng@sg} >+h.c. ,

p=u,c i=3

A= ViV
Qf’), — (A?zpp/: Tree level.
Qg — Q6: QCD Penguins. ©7 — Qlo: Electro-weak Penguins.

Q7~: Electromagnetic operator. Q7g: Chromomagnetic operator.
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Introducing NP effects at tree level
The NP effects are introduced at the matching scale My,
Co(Mw) = CGY¥(Mw)+ AT (My).

To assess the size of AC['Y we perform a x-squared fit.

To implement the fit we use the software MyFitter

M. Wiebusch, Comput. Phys. Commun. 184 (2013) 2438.

V(@) = Z(M)z

Tj,exp
]
o = (ACINP(MWLACQNP(MW);)\nuisance)
Our nuisance parameters include CKM elements, decay constants, form factors, masses,..,etc

Xnuisance = |Vub/Vcb|» ‘Vuslnu’ frra FEHW’ eeey etc
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Introducing NP effects at tree level

Due to the non-diagonal nature of the anomalous dimension matrices, when solving the R.G.E.

the NP effects propagate to the other Wilson coefficients as well

Clu) = Up, pw, 4, s, @) C(Myy).

Our initial conditions for the Wilson coefficients include
strong + electroweak effects at NLO

C(Mw) = COMw)+ O (Mw)

aS(MW)

as(MW)

o [E0 ) +

™

O (Mw) + RO (My)

Beneke, Buchalla, Neubert and Sachrajda, Nucl. Phys. B 606 (2001) 245-321,
arXiv:0104110 [hep-ph]
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Introducing NP effects at tree level

To probe for potential NP phases we assume that our Wilson coefficients are complex.

To obtain bounds on ACINP and ACZNP we use:

@ Branching fractions of hadronic processes.

@ CP asymmetries

dr[BY — f](t)/dt — dT[BY — f](t)/dt
dl’[Bg — f](t)/dt + dr[By — f](t)/dt
~  S¢sin AMgt — Crcos AMgt,

A1) =

The mixed induced CP asymmetry S¢ allow us to constrain new weak phases.

_ 2Im(\]) o oAl

f= ——F5= =€ — .
e Al

@ Neutral B Mixing observables
@ Life-time ratios
The full x?-fit takes up to 1 week on 100 cores in the IPPP cluster (Durham University, UK).
Current progress in the Nikhef Stoomboot cluster.
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Observables considered

b — uud J

@ B— nm:

2Im| e2" —i"*"’
rB- — n%r) S wtn=

B dI’(Bg — 7T+I_l7/)/dq2|q2=0 14+ Ii«i«: 2

2Im <e‘2i5 %)
s - N 7/

pT = A
1+ |32

T

@ B— prm

@ B—pp
Rop = B(B~ — p; p})/B-(By — pfp;)
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Observables considered

b — cud J
@ B— D*r _
Rpr. — _ r(B® — D**tn~)
dr(B® — D**l*l‘//)/dqz|qz:,,,3r
b — ccd J
@ B — Xyv
B:(B — Xa47)
b — ccs J
@ B— Xsvy
B (B — Xs7v)
@ B— J/VK

2Um ( e2i8 Aurvn
A vk
Spr = —————— %

B A wk
1+ |AJ/\UK 2
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b — ccs }

@ Life-time ratio: 75,/7g,

@ B-physics anomalies.

NP in Ql = (Eabg) (Egca) and Qg = (Eaba) (EgCg)
V-A V-A V-A V-A

can induce deviations in the Wilson coefficient of Qg\/ = %(EL’)’MEL)(@W@)

= [8.48 ACG +1.96 AC2:|

n=Mwy

+ -

Y U

Jager, Kirk, Lenz and Leslie, Phys.Rev. D97 (2018) no.1, 015021, arXiv:1701.09183 [hep-ph]
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Observables considered

Using the results for complex ACgeff provided in

Kumar-Alok, Bhattacharya, Kumar, Kumar, London, and Sankar, Phys. Rev. D 96, 015034
(2017), arXiv:1703.09247 [hep-ph]

we obtain the following regions

_ AG(u=my) L AG=my)

/g 1. R

= o5 = os

i; 0.0 e §»N 0.0

QO ]

J -05 3 -os

g -1 § —1.

Y5 50 -15 -1.0 —05 00 0.5 155 50 -15 -10 —05 00 0.5
Re AC”“(MW) Re ACY (My,)
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Constraints from neutral B meson mixing

The dynamics of neutral B meson mixing is obtained from the following equation
4 (12) = #([20)).
dt \ |B°(t)) |B°(1))
Ho— My — éru Mo — érlz 7
M, =51 Mu— 35T

In the basis where H is diagonal we have

20E0) - (v 2)(19)
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Constraints from neutral B meson mixing

i i
A =My — =T AL=M — -T,.
H H= 5w L L=l
Neutral B mixing is described by two observables

AM = My — M, AT =T, —Ty.
The insertion of two tree-level operators contributes to neutral B mixing

b uc s

s

ol

@ af =I5, |/|M3,|sin ¢1p: b — ulls, b — uEs, b — cts
@ Als: b— uts, b— ucs, b — ccs

(*] afj: b — uud, b — ucd, b — ccd
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QCD Factorization

We include different observables calculated through the QCD Factorization formalism:

B — mm, pm, pp, D*7, J/VKs ;.

Let My and M, be two final state mesons such that the spectator quark finishes inside My, in
naive factorization

<M1M2|Q,‘|B> ~ FB*)leMQ.

FB8—M Form factor for the B — M, transition.

fu, : Decay constant associated with the M, meson.

Interactions between the spectator quark and M, are ignored.
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QCD Factorization

In QCD factorization
(M M| Q1| B) ZFBHMl 0)/ duT}(u)Pa, (u) + (My — My)

1
+ / dédudvT! (€, u, v)®(E) D, (v) P, (u).
0

&y :  Light Cone Distribution Amplitude (LCDA) for the meson M.
T,-J’- : Penguin contributions (calculated perturbatively).
T/ . Spectator quark interactions (calculated perturbatively).

Beneke, Buchalla, Neubert and Sachrajda, Nucl. Phys. B 591 (2000) 313,
arXiv:0006124 [hep-ph]
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Power corrections

Important source of uncertainties come from non-factorizable contributions
which are Agcp/my suppressed. They arise in:

Hard spectator Scattering

Mz

—
[s 72
S 3
e 7 - -
Bl ] S vy [ = &
R~ B W g /

® O, (x)O S, (x)Prm
M) / 420 / / IO0) | g0 20000, )]
0 xy
For the first mr%rgs%nr;c \?Iiét#;evle_CDA of the B The Twist-3 LCDA &, (y) is singular under
integration
14 My 1 4

! ®p(§) _ ms fo 7y¢’"1(y) =&m (DXy" + Jo Wﬁq)ml(y)
d§———= = —
€ A

The treatment of these singularities is model dependent. We use

Xy = (1+pHe )In@
An
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Power corrections

Annihilation topologies

In analogy with the Hard Spectator Scattering the end point singularities arising from
annihilation topologies are parameterized as

Xy = (1 + PAEI(bA)lnE
An

We assign 200% uncertainty to the power suppressed singularities.

Our fits are highly affected by the power suppressed divergences arising from annihilation
topologies.
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Power corrections

To illustrate the size of the uncertainties from power suppressed singularities consider:
B — ntx, B — ntn™

2Im <e21/3 ?iw: )
The error budget for the observable 5, = —————%-

Ay
IHAwiW 12
g

is

Parameter Relative Error

0(Xa) 39.96%

0([Vub/Veb]) 9.45%

() 8.35%

o(p) 3.33%
o(ms) 3.20%
0(Xn) 2.37%

S(AED) 1.84%
S(FE=™) 0.86%
[ Y6 [ 42271% |

Divergences from annihilation topologies play an important role in the final uncertainty!!.

Gilberto Tetlalmatzi (Nikhef) NP at tree-level in hadronic B decays March 31, 2019 20 / 26



Individual Fit Examples

Examples of the regions obtained for the individual observables are

Br(B—X,7)

-20 -15 -1.0 -0.5
Re AC;* (M)

0.0 0.5

B(B — Xs7)
s Br(B—X,) _ 1.
’; 1.0 U
£ 00 E»N o.
2 -0 2 —0.
§ ~1.0 € -1
L5520 -15 -10 -05 00 05 - 1
Re AC (My;) =
d
A
= S
S =
o ~
(S 9
5| 5|
E E
o -15 -10 05 00
Re AC:(Mu)
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Implications on Al 4

—3.91 < Al giexp/ AT g:5m < 2.60
(AT 4/T g)exp from HFAG, online update 2017

b — uud:0 < AT4/ATg.sm < 1.76

" (M)

N Y
~_
Im ACy"

/5/ B ,lee AC’{’]"D" (M )n ’ D:ﬂs
b — cod: —0.93 < Aly/ATlg.sm < 2.60
T ar nnha/l‘\(cmcm / ]Al‘nn:jn ment
i = 7

= W eI
Re AC{™ (M) Re ACH™ (M)
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Universal Tree level bounds

To obtain maximal constraints we assume AC > = ACY = ACTY, = ACTS,

s Universal fit s Universal fit
,; 1.0 ’; 1.
§ 0.5 E 0.5
S: 0.0 3* 5 0.0 (9
< o5 < o5
§ -1.0 g -1.
B 00 0.5 R ) 10 —05 0.0

0 -15
Re AC, (My,)
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Effects on CKM ~

The CKM angle v can be extracted from

i6a—) _ AB~ — DK ™)

ree A(B— — DYK-)

New physics effects in C; and C; modify rge’(%8=7) as

rge’®e=1) s ppeil®e—) . G+AG+m(G+AG) G+rnG
G+raCG G+AGH ra(G+AG)
_DKIGEIE | (0°KCIGEIE)
Al —_— A = = .
(DK~ Q5 |B) (D°K~1Q5%(B™)
rBei(§3—’Y) — rBei(§3—’Y) . |:1 + (rA’ _ rA)ACI
G
- ImA G
5y = (ra—ra) !
G
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Effects on CKM ~

Based on a naive estimation of r} we obtain the following plot

05 Mok
= 0.3
= 02 ) m
o o1 /%///
0y
<4 O'O;:,,,,*\,// —
g o1 T
— -0.2 s0- —
~06 —04 —02 00 0.2

Re AC, (My,)

_ +5.4
v =(7217373)°
CKMfitter online update 2018

Preliminary results/ Anomalies and life-times not yet included /Undergoing analysis!
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Conclusions and outlook

@ New Physics in tree level non leptonic can be sizeable.

@ Colour suppressed AC:Re AC; ~ 0.20, Im AC; ~ 0.40

@ Al can be enhanced by a factor of 2.6 with respect to the SM

@ AG,ACG affected by: power corrections, renormalization scale, CKM parameters,...
@ CKM ~ is sensitive to Im AC;

@ Reduce the size of Im AC using sin28: Ag_,j wks ?

@ Analysis in progress :)!
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