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Why B - DK & B, — D n?

e In heavy quark limit, certain heavy meson
decays factorise in a simple way:

By, — DyL ~ FB=DP(M2) x (TT @ &) + O(1/my)

* In general, O(1/my) corrections expected to be
sizeable, generated from annihilation and/or
penguin topologies



Why B — DK & B, — D,

e Butfor B — DK and B, — D.m, annihilation
and penguin topologies are missing, as all four
quarks in the final state are different

- As we already heard from Stefan, corrections (that
we have calculated) are small

* Perfect test case for QCD factorisation
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Make a ratio

 We normalise by semi-leptonic decays to
remove V., dependence, and reduce form factor

appearing in semileptonic decays. What is implied, -therefore, is a

dependence direct relationship between the nonleptonisc pionic decay and

semileptonic decays. An easy calculation gives

- Known since Bjorken (o, - o1

ics, 4th Workshop on dr (a, = pew
nts in High-energy a2 °

= 67 F2 » 1.0 GeV?

(4.5)

M2 = o

D Wwm

This is indeed ‘a general testof factorizationj the p-can be-replaced
by any low-mass hadron system, and the Ab by -any b-meson B. It is

quite important to test sharply this factorization hypothesis wherever
possible. There may already be a way to do this in decays such as B

— Dr and B — D*r.
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Make a ratio

 We normalise by semi-leptonic decays to
remove V., dependence, and reduce form factor

appearing in semileptonic decays. What is implied, -therefore, is a

dependence direct relationship between the .nonleptonic pionic decay and

semileptonic decays. An easy calculation gives

- Known since (before) Bjorken ., - ..

ics, 4th Workshop on dr (a, = pew
nts in High-energy a2 °

= 67 F2 » 1.0 GeV?

(4.5)

M2 = o

D Wwm

This is indeed ‘a general testof factorizationj the p-can be-replaced
by any low-mass hadron system, and the Ab by -any b-meson B. It is
quite important to test sharply this factorization hypothesis wherever
possible. There may already be a way to do this in decays such as B
— D7 and B — D*r.

15. I am told this is in the folklore but do not know a good 11
reference.
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Make a ratio

 We normalise by semi-leptonic decays to
remove V., dependence, and reduce form factor
dependence
B(B — DVYL™)

— 6 2 Vu 2 eff 2X
dU'(B — Dt~ v)/dg?| 2= ps2 Vgl JLla " X

form factor ratio, < 1% unc
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Is there a BSM explanation?
Part 1. SMEFT analysis
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Why SMEFT?

* Assumes gauge symmetry above EW scale is
really SU(3). @ SU(2)L, @ U(1)y

* Quark doublets are the correct degree of
freedom

* Therefore any NP affecting left-handed
bottoms also affects tops

— Collider probes can help reveal nature of BSM
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BSM from bottom to top

e In Cai, Deng, Li, Yang es.0:136) they analysed
data with low energy Lagrangian

* Found potential explanation from 3 operator
structures, including interactions with LH
bottom quarks
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https://arxiv.org/abs/2103.04138

Top bounds

* Recent LHC measurements of top physics are
reaching percent level precision

- ATLAS 2023:0(tt) @1.8% (140fb~*, /s = 13 TeV)

* Top decay width known at 10% precision from
CMS 2017 (20fb~ 1, /s = 8 TeV)
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https://arxiv.org/abs/2303.15340
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Top bounds

e What can we learn from this?

* Enough to compete against flavour?
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Top bounds

» Use SMEFTsim + MadGraph to simulate (LO)
cross-section in BSM scenarios

- Rescale to match NNLO+NNLL SM

 Constrained by the ATLAS measurement
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NP scale

e As a comparison, we use smelli global fit
(includes >500 observables)

— Fit to our WCs dominated by quark physics

T o< Y

GeV? — T GeV?
hypothetical NP scale A > AL =1//x,y

e Convert WC range toa
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Top bounds on top?
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Top bounds on top?

 In half of cases flavour is much stronger

« But for many coefficients, only stronger by
factor of a few

* And for a handful, top comes out on top — tells
us more than flavour right now!
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Single WC scenarios

e QOur study identified several SMEFT coefficients
which can lead to Xx° reduction of more than 9
(i.e. a 30 pull relative to SM)

* [ will show just three of them here:

- [Oé?: 2332, [Oét)qd]mz?, , [O%) | 1232



0% 2332 = (Q37#1°Q3) (bryut®sr)

* We find top & smelli e e
& non-leptonic all \
relevant )

=]

* A global analysisis 4
Important! ~20

—30 T

24



e Other flavour bounds
weak, top is top

O 13103 = (QFur)(QIbr)

10+

~_101
H 10

_20,

non-leptonic smelli
top combined
A ,
—3 —2 ~1 0
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051232 = (ircr)(brsr)

 Lifetime ratio
Important

« Weuse 7(B™")/7(By)

O_

u, d

non-leptonic

lifetime ratio

2 ~10-

—207

[cﬁy} / TeV—?

1232

combined
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Is there a BSM explanation?
Part 2: UV model analysis
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Di-jets as bounds

e Since our NP must™ couple to four-quark
operators, it will affect pp—>]jj observables

— “unless it modifies W couplings, so that 4-quark
iInteractions only arise in LEFT, but this is strongly
constrained by semi-leptonics

 Bordone, Greljo, Marzocca did a nice analysis in
2021
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Bordone, Greljo, Marzocca

e List all Sing[e pa rticle Exploiting dijet resonance searches for flavor
. . . physics
mediators which give

4-quark interactions 2103.10332

Marzia Bordone,*? Admir Greljo,*¢ and David Marzocca®

* Reinterpret LHC dijet limits on Z' for different
spin and colour charge
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https://arxiv.org/abs/2103.10332

Bordone, Greljo Marzocca

e List all single particle _ O,i |
mediators which give
4-quark interactions

» Reinterpret LHC dijet lim= .&= .
spin and colour charge

» Find conflict between BSM favoured and L—IC
allowed regions

21@3 10332
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https://arxiv.org/abs/2103.10332

3 potential paths

1)Non minimal couplings
eReduce BR to dijet => weaken collider bounds

2)Unexpected power corrections

®Reduce size of BSM couplings for anomaly

3)Non minimal BSM

e Multiple particles combine to give anomaly
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What we tried: 2ZHDM

e BGM use minimal

e couplings:
* p p—
& Lpsm = —yi®TdLQY

0.10 40.10

0.05 E0.05 Wlth y(li — yg

LEP-II /g jj&fdecalys R | ]
50 100 500 1000 5000

2103.10332 mg, (GeV)

32


https://arxiv.org/abs/2103.10332

0.05

TOp h|d|ng places
y . * BGM state that above
' 500 GeV, strongest
" bounds are neutral
" scalar - light dijets
_ d . * If we reduce the BR to
o0 w0 o s dijet with a large tt
o5 aossz T coupling, can we
weaken collider limits?33


https://arxiv.org/abs/2103.10332

Top hiding places

» Lpsm = —yi@TdL Q4
—y 2TuR QY
« With y3' = 0.5, Br(tt) ~
Br(jj) ~ 50%
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Top hiding places

« Lpsm = —yd@TdL QY
—Y; (I)TuRQL
« With y3' = 0.5, Br(tt) ~
Br(jj) ~ 50%

e Collider bound weakened
(sometimes)

0.35

0.30

IPRELIMINARY

0.05 A

0.00

—— Our best bounds on neu
—-— QOur best bounds on neu

tral scalar, y§ =0
tral scalar, y§ = 0.5
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Top hiding places

Lpsm = —yi®TdL QY4
—Y; (I)TU’RQL

With y3 = 0.5, Br(tt) ~
Br(jj) ~ 50%

Collider bound weakened
(sometimes)

But our bounds stronger

0.05 A

0.00

—— Our best bounds on neu
—-— QOur best bounds on neu
BGM @Y — jj bounds

IPRELIMINARY

tral scalar, y§ =0
tral scalar, y§ = 0.5

36



Large power corrections

* Universal power Fixed PO (%) SM v
corrections of ~-15% 0o s

-5 34
16

would remove anomaly 5 s
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Large power corrections

® U nive rsal_ power Fixed PC (%) SM x> BSM best fit
yiys/M? Ax® pull
i ~ — O 36 -6 780
corrections of ~-15% 0 66 86 6l T80

16 -1.5 -11 330

would remove anomaly 5 w5 05 oo

* Assume 5% or 10%
power corrections =>
reduce size of BSM
couplings needed
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Large power corrections

1 extra doublet = 2HDM

Fixed PC (%) SM x? BSM best fit BSM 20 range
yiys/M? Ax* pull
0 66  -3.6 -61 T.80 [-4.6,-2.6]
-5 34 -2.5 -30 5.50 [-3.5,-1.6]
_10 16  -15 -11 330 [-2.5, -0.6]
15 95 0.6 -19 ld4o  [1.6, 0.3]
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= |y3us|

lysyf|

Multi particle BSM

1 extra doublet = 2HDM

PRELIMINARY

100 B

O.IG 0.I8 1.IU 1.2
M+ = Myo (TeV)

Combined collider (y¥ = 0)
Combined collider (y§ = 0.5)
0% power corrections (20 region)

40



Multi particle BSM

* If n BSM particles:

— combine to give non-leptonic effects =>

gBSM _ gBSM/\/ﬁ
— But collider bounds are the same

* For what value of n does this work?
— and/or what value of n is this stupid scenario?
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Multi particle BSM

2 extra doublets = 3HDM
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0% power corrections (20 region)
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100 B

= |y3us|

lysyf|

= |ygus|

Ly

Multi particle BSM

1 extra doublet = 2HDM
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= |ydus|

s

Multi particle BSM

2 extra doublets = 3HDM

1 extra doublet = 2HDM
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Power corrections + nHDM ?

100 4 ; e -

= |ydud|

Ly

= |ydyd|

Ly

10—1 4
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e I
Im

Power corrections + nHDM ?

DM + 10% power corrections => ~1sigma
provement s

e 3H
Im

DM + 10% power correction => ~2sigma

orovement

. 4F

DM + 10% power correction almost ~3sigma

Im

orovement &
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Summary

* Top measurements are becoming competitive
with low energy flavour for some Dirac
structures

* Simple BSM models are strongly constrained by
collider

* Even non-minimal nHDMs look awkward
* Anomaly will continue to puzzle...
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BACKUP
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Exp error?

B(BY - DYK~)
B(B" — D**K~)

B(BY — Drn~) =
B(B_U — D*tr) 7

B(B" — D)=

F—— = [LHCb
Belle
mmmm CDF

mmimm BaBar

— mmmm CLEO

[
S
———

. ———

| | | | | |
Lo 24 ) 3.0 3.9 4.0
Branching fraction
(Units of 1072 for b — cud and 10~* for b — cus decays)

Piscopo,

BFA V
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Progress on form factors

2008 -
2012 = —_—
2010 = g 0509.0222 2 i
— = 1202.6346
e | 5005.03925
= == 1503.07237
mlm 606.02888
2019 = 1912.09335
| | | | | | |
0.50 0.95 0.60 .60 .70 0.5 0.80

B — D form factor [Ff "“l',\:’ir):

Piscopo,

BFA V
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Form factor ratio definition

Xp = (m; —m3)’ Fo(m) |
im%4 — (mp +mp)?| [m%4 — (mp —mp)?| | Fi(m%)|
Xp = [sz — (mp+ + ﬂlp)z] [m% — (mp* — mp)z]
[Ao(mp)? hep ph 9705292

X

mp, Zi:[],:l: [Hi(m3)|>
Non-Leptonic Weak Decays of B Mesons

Matthias Neubert
Theory Division, CERN, CH-1211 Geneva 23, Switzerland

and

Berthold Stech
Institut fiir Theoretische Physik der Universitat Heidelberg
Philosophenweg 16, D-69120 Heidelberg, Germany 51
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