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Slide from Mick Mulder

On the menu today: B(yy = Dy h™, A}, — Ath™

Non-leptonic tree-level:
b — cuid(s) or b = ucd(s) transitions Example decay: B - D"K*

Colour allowed: separate colour indices
for X;,, — X, and h systems

Main decay modes (focus of today):

«  B° 5 DWT{K* nt) h
+  B* - DWOYUK* m+} (w. colour-suppressed contributions) N
. B - DIk, ) B_S
. A) = AHK™, ™) no penguin, no annihilation u -
- Two types of transitions: k
. BY DO K+ BO - DO+ tree-only decays [Fleischer, arXiv:0802.2882]

B° - D(*)—n’“,BSO - DS(*)‘K *: tree + exchange decays

(5)
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Slide from Nico Gubernari FltS tO the aVailable data

e e D o e e | 1T LI e fits indicate that

scenario no fs/fa (fs/fd)LHCb,sl Tl

2 /dof 2.5/4 3.1/5 measurements are

B(B° = Dfr—) | 300+£023 36407 3114025 | 4.42+0.21 consistent

B(B" - DTK™) [0.186 £ 0.020 0.222 +0.012 0.224 £ 0.012| 0.326 + 0.015

BB - D*x~) | 252+0.13 271+0.12 2.73+0.12 — . di het

B(B - D:*n7) | 20+£0.5 2.4+0.7 2.1 +0.5 43922 SCIEpancy between

B(B® = D**K~)[0.212 £0.015 0.216 £ 0.014 0.216 + 0.014 |  0.327+0-039 measurements and

B(B° = D*tr~) | 2744013 27840.15 2.79+0.15 theoretical predictions:

RL 4 16.1 £2.1  16.2+3.3 140+ 1.1 13510

R4 0.4+ 2.5 11.4 4+ 3.6 9.6 + 2.5 13.1123 BY > Din~ - 40

R:i; i 0.66£0.16 0.6 +0.16 0.0(3 +0.16 0.9719:20 1?0 > DYK~ - 5g

R, 1.14+0.15 097+ 0;08 0.97 £ 0.08 1.01 £0.11 Bso > D*n™ - 20

(fs/fa)iney — 0.2237 0058 * 0.260 4 0.019 BO o D**K- = 3g

(fs/fa)Tev — 0.20870 028 0.243 4+ 0.028

BR(exp.) € BR(SM pred. from QCDF) 446 level deviation
SM amplitudes are uniformly larger by ©O(15%)
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Explanation without new physics

¢ IVcb| dependence?

[Bordone, Gubernari, Huber, Jung, van Dyk, 2007.10338] uses [Vcb| x 103 = 41.1(5)

l[average of inclusive and exclusive].

¢ If the exclusive value, e.g., |Vcb| x 103 = 39.25(56), the SM amplitudes are reduces by 4.5%

4 Then, however, 4.20 tension appears in € [LANL-SWME lattice, ———
1912.03024] Inclusive [Vl
¢ Higher-order QCD corrections? ——
exclusive Vgl
¢ Unlikely. It has been estimated as O(1%) data =
10 12 14 16 18 20 22 24
ek |x10°
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New physics interpretation

¢  Effective Lagrangian  Factorized by SM CKM factor

= 4GF Vs Ve Y C(p) Q! i = @ T"br)(qry. T ur),
cb 2 ,U) 1 (:u) y y
i—=1,2 2 = (CLy bL)(QL%UL)
. C%\IP (my) Compatible with lifetime measurements
¢ Best fit point CSM — —0.17 £ 0.03. [Bordone, Gubernari, Huber, Jung, van Dyk,
2 (m ) 2007.10338]

4 QCD RGE

CYV(mp)\ [ 1.36 —0.87\ (CT7(1TeV)
CNP(my) ]  \—0.19 1.07 ] \CYP(1TeV))

(5)
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We consider W’ model

sld S/d

Just assuming no leptonic coupling

(5)
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Sanity check from kaon

¢ How about s — wuiid bound from the kaon decays? Assuming CP-conserving W’ contribution;

Ar = ((WW)]‘HL§S|:1|K> for I = 0,2

(2.99 +0.67) x 107" GeV ,
(1.50 +0.15) x 107° GeV ,

[RBC-UKQCD lattice, 2004.09440]

ReAS® = (3.3201 £ 0.0018) x 10~ 7GeV,  ReAjM
ReA5™® = (1.4787 4 0.0031) x 107° GeV . ReA5M

+20 % new physics contribution to s — uitd amplitudes could be compatible with data

(5)
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ASU(2), X SU(2), X U(1), model

¢ We consider an extended electroweak gauge group SU(2), X SU(2), X U(1), model,

which contains heavy vector-like quarks and heavy SU(2) gauge multiplet

¢ After integrating out the vector-like quarks, the following effective Lagrangian is generated
[Boucenna, Celis, Fuentes-Martin, Vicente, Virto, 1608.01349]

(VgVT)
2

j (Vyg)
V2

gdij
2

L=+227 gy dl L7 a L wraly*d), + He.,

8ii basis is defined by the first term

W’ 1 (V9)23(Vg)i,
M) = e Vs,
F iy cb ¥ uq
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Three scenarios

¢ We consider the fowling three scenarios

y - (VgVT) | v
Y5 5 o ( 9 1) 7 =1 ( g)’l + —1 '
L= > 2, dpytdy : Zﬂqu/“uJ \/QJ W arydy + H.e.,
g1 00 g1 0O 0O g1 0 O
95 =11 0 9111 O | v 9i5=1 0 gi1 923, G9i;=1| 0 g11 g23 | >
0 0 g33 0 goz O 0 g23 933
Scenariol Scenario2 Scenario3

Here, U(2) symmetry is imposed to avoid strong constraints from K- and D-meson mixings

(5)
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gir 0 0 10
gij =1 0 g 0 |, .
0 0 gs33 |

Scenariol

Width > 100%

Strong bounds comes from
direct search by LHC

Black contours:
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¢ s it possible to hide W’ in low dijet-mass and 137 o' (13 TeV

Sl — T | ] T T | T lllllllllllllllllllll:)
. . 3 e Data L
broad-width regime? 2 10°: CMs — Fit method
S~ r 2 - _
2 xINDF =36.63/ 38 |
-8. 1 0 . Ratio method =
¢ If fine, C2(NP)/C2(SM) ~ -0.05 is possible =10L xINDF=4204732 -
- = - --gg (2.0 TeV) =
O — qg (4.0 TeV) Z
r— = - - i =
(13 TeV) e = % (50 TeW) =
%) 0.003_] L I L I L I | L I L | L | l— 010_1 ;_",/ \\\ ——
O " CMS Simulation —2TeV ] = .. -
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gi; = g(1)1 9?1 9(2)3 10. __________ K—WT CQ’P(ANP)N G11%X Goa

. . MWW cyM 426G MEV,,
g23 | |
Enhancement byi~25
Veb
Black contours:
— 1y
Cyb (mp) &
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Scenario3

gi1 0O O
My = 1TeV and g11 = —3.6.
gi; =1 0 g11 923 | ;
O L
923 933 Contribution to AM. can be cancelled
/ !
AMY <0, AM? >0
W-W’ box /" tree level
Scenariol Then constraint from AM,; is important!
o
AM ,/ AM  would give
additional bound
NoN-Zero g23 ' —0.02 AM;
| C2(NP)/C2(SM) ~ -0.10
" 2 ; i ; B000 0005 0010 0015 002
My (TeV) | | | | | would be possible
g3
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Conclusions

¢ W’ from an additional SU(2) can partially cancel the large SM colour-allowed tree-level

amplitude by
GV ICM = — 6(10%)

as long as the collider constraint can be evaded.

¢ The more dedicated collider analysis for low-dijet mass and the broad width regime would

be important to exclude such W’
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