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Talk based on the preprint:

“A Theory of R(D*) and R(D) Anomaly With Right-Handed
Currents”

K.S. Babu, Bhaskar Dutta, Rabindra Mohapatra, arXiv: 1811.94496
[hep-ph].
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I
R(D*, D) Anomaly

@ Lepton universality in B meson decay has been tested by BaBar,
Belle and LHCb recently
BaBar (2012, 2013), Belle (2015, 2016, 2016), LHCb (2015)

@ There appears to be a combined 3.8 sigma discrepancy with
Standard Model predictions in R(D*) and R(D)

o 1(B— D*rv) _ [(B— Dtv) B
RO =tE5D0)y FO=Feobny (~9*
R(D*)™P = 0.30640.013 +0.007 R(D*)sy = 0.258 + 0.005
R(D)*® = 0.407 £0.039 £0.024 R(D)sm = 0.300 + 0.008

R(D*): Bernlochner, Ligeti, Papucci, Robinson (2017);
Jaiswal, Nandi, Patra (2017); Bigi, Gambino, Schacht (2017)
R(D): FLAG Working Group, Aoki et. al. (2017)
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I
R(D*, D) Anomaly (cont.)

@ Recently LHCb has released first measurement of the ratio

(BS — J/yTv)
(BE = J/puw)

which differs from standard model prediction by ~ 2 sigma:

=0.71+0.174+0.18

RUI) = 3

R(J/1)sn = (0.25 — 0.28)

@ This strengthens the case for R(D*, D) anomaly
@ There may very well be new physics in the b — c7v decay
@ This new physics may arise as right-handed currents

@ A pre-existing model that solves the strong CP problem without
the axion can provide the needed new physics

@ Model based on left-right symmetry and a universal seesaw
mechanism
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I
Right-Handed Currents and R(D*, D)

o If there is a light (< 100 MeV) sterile neutrino, or if v, is a
Dirac fermion, right-handed currents can mediate new B decays
induced by W,%E gauge bosons:

br TR
Wr
Cr Vr
2
Hefr ~ 2/\/]2 bR, CRV V" TR + h.c.

e With gg = g1 and no mixing suppression, R(D*, D) anomaly
requires My, >~ 700 GeV.

@ What type of models can give us such a Wk, consistent with low
energy flavor violation and LHC/LEP limits?
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Right-Handed Currents and R(D*, D)

@ Assume that the only coupling of WRjE relevant for B decay is

2

R(D)

3000
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My (GSV)

1000 1500

M, (GeV)

Figure: 1 o and range allowed regions in gr versus Myy,

@ gr =2, My, =2 TeV can explain R(D*, D)

= 1
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NN
Phase diagram for SU(2)gr

SU(2)r gauge coupling gr ~ 2 may appear to be non-perturbative
SU(2) with Nf = 6 is asymptotically free, somewhat similar to QCD
Phase diagram for SU(2) with N¢ = 6 has emerged from lattice
Without Higgs, theory goes to an infrared fixed point g2 ~ 14.5
Higgs field breaks SU(2)r before this fixed point is reached

g,

'
|
|
|
i
2

M (TeV)
SU(2): Phase Diagram

Lattice: Leino, Rummukainen, Suorsa, Tuominen, Thtinen (2018)
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I
Other right-handed current models for R(D*

@ This talk will focus of right-handed currents of left-right
symmetry

@ Other interesting models exist that expalin R(D*, D) via
right-handed currents

@ He, Valencia (2013, 2018) suggest a type of left-right symmetry,
but only for third family

@ Greljo, Robinson, Shakya, Zupan (2018) suggest SU(2)g under
which new fermions transform. Usual third family fermions mix
with these new fermions

@ Asadi, Buckley, Shih suggest similar idea with SU(2)g for new
fermions with normal fermion mixing with them
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I
Left-Right Symmetric Models and R(D*, D)

@ Left-right symmetric models are well motivated as they explain Parity

violation as a spontaneous phenomenon
Pati, Salam (1974); Mohapatra, Pati (1975); Senjanovic, Mohapatra (1975)

o Gauge symmetry is SU(3). x SU(2), x SU(2)r x U(1)g—_1

@ vg is required to exist in these models, which leads to small
neutrino masses via seesaw

@ A universal seesaw mechanism for quarks, leptons and neutrinos

can be realized in this context
Berezhiani (1983), Chang, Mohapatra (1987), Davidson, Wali (1987),
Rajpoot (1987), Babu, Mohapatra (1989), (1990)

@ Such universal seesaw models can solve the strong CP problem
without an axion Babu, Mohapatra (1989), (1990)

o A low mass W5 can explain R(D*, D). The W5 and an

accompanying low mass Zg satisfy LHC and LEP constraints
Babu, Dutta, Mohapatra (2018)
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BN
Left-Right Symmetric Models

e Gauge symmetry: SU(3). x SU(2), x SU(2)g x U(1)g_,

@ Fermion assignment:

]. UL ]. LIR
i 72717 >y = ’ i a1727 Y )
w(eans) = (&), er2n)-(5)

— . — — VR
,(/}L,I (172715_1) - ( e >’-, ’(/}R,I(l?]wza 1) ( er ),‘
@ Very simple Higgs sector:

X, Xk
XL(1727 11+1) = ( I()) ) XR(171727+1) = < g)
XL XR

@ Only 2 physical Higgs bosons: o/ r

@ With this simple Higgs sector, fermion masses cannot be generated
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o
Universal seesaw mechanism

@ Vector-like iso-singlet fermions introduced for mass generation:

4
Ua(371713+§)7 Da(3a17*§)a Ea(lalal;fz)a Na(1a17170)
@ Yukawa couplings:
Lyvae = YuQu¥iUr+ Y QrXrUL+ MyU_Ur

+ YpQux.Dr + Y5LQrXrRDL + MpD Dg
+  YexLEr+ YeUrXREL + MEEER + h.c.

@ Mass matrices:

0 Y, JERL
Muoe = (g 0 WP ) (G = me (08) = )

@ Parity symmetry:

QL+ Qr, YL vYr, UL+ Ur, Dy Dr, E < Er, xL+ XRr

= Yo=Yy Yo=Yh Ye=VY{ My=M), Mp=M) Mg=M;
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BN
Parity symmetric mass matrices

o If parity is imposed,

M 0 Yu,p,ERL
UDE = ¥
YU,D,E“R Muy,p.e

o Light down-type quark mass matrix:
Mg = =Yp (Mp) ™" Y} ki1 kiR
@ This is universal seesaw mechanism
@ My p.e need not be hermitian, since P may be broken softly

Eg:Yp = yqxdiag(1,1,1), Mp = Vg.diag(M{, Mg, Mg). V]

(M)~
= Ml(ifght = iV (Mg)~* Vlg KLER
(mg)~*

2 .
d _ YdBLRR
mi ~
i Mmd
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BN
Parity symmetric mass matrices

@ V| and Vg are unrelated since Mp # Mzr)
@ V, = Vo can be chosen, while

100 010
(i) Ve=|0 0 1], (i) Ve=[0 0 1
010 100

@ These forms of Vg maximize right-handed contributions to R(D*, D)

@ However, if this was the whole story, W, — Wg box diagrams would lead to
large KO — KO, BS,S — Bgs and D° — DO mixing

@ These left-right box diagrams are enhanced by a factor of 10® compared to
SM box diagram, and would require My, /gr > 2.5 TeV if V| = Vg

@ In the up-quark sector top quark mixes strongly with top-partner T quark,
which helps solve the FCNC issue
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NN
Partial seesaw in the up-quark sector

@ Take the up-quark mass matrix to be block-diagonal
@ For up, charm and top quarks, the mass matrices are:
0 YikL i (YN2kikR .
My, =1 i o m, ~ == i=u,c
Y (YUKR M;, ) M, (i=u.c)
@ tg and Tg can mix strongly:
Y3k
ty=ctr+5T3, TE=—std+cT3, tanf, = ,’\147;

@ The limit ij — 0 is possible, whence cosf; — 0
@ This limit evades all FCNC arising from W, — Wg box diagrams
@ An interesting consequence is:

My/my = kg/kL ~ (10 = 15) = My = (1.5 —2.5) TeV
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Suppression of FCNC
@ Including tg — Tg mixing, the WRjE

() Lwe = (&

. 8 —
(i) Lwe = 7’;(u%,

0 30 T0
Cr> tgs TR>

O O O

couplings to quarks is:

di
sy | Wt + h.c.
bk

dg
s | Wi + h.c.
bk

o All W, — Wk box diagrams highly suppressed in the limit

M3 — 0 (or ¢; — 0) — flipping of tp with Tg
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I
Suppression of FCNC (cont.)

s WirlGle) 4
—_— VWV N——— s u,ct,T d
uctT uctT
- - + 4
Wi r (GL,R) Wik (GI.,R )
———— AN ——
d + + s
Wl-;“ (GI.,R ) d uctT s

Figure: Leading W, — Wg exchange diagram contribution to K — KO
mass splitting in the parity symmetric LR model.
Gr

Hae = \[4 ams2, N 2n(xix;) 2 [(4 + xixin) h (i, x5, 1) — (14 1) h(xi, x5, 7)]
(SRdL)(SLdR)
n= My, /My, . xi=mi/Mg, fori=uct, T, X\=(V)i(Vr)id

As ¢; — 0, new contributions to KO KO mixing vanishes for case (i)
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I
Suppression of FCNC (cont.)

@ All FCNC processes arising from box diagrams are suppressed

@ When Tg — T, flip occurs, the W, — Wk box diagram gives no
contribution, as T; does not couple to W,

e By — By mixing amplitude goes as V., V,,m,m./M2,, which is
negligible

@ B, — B, mixing vanishes due to Tz — Tg chiral flip

e DO — DO mixing goes as V,,V.gmymy, which yields a value
AMp ~ 5 x 10718 GeV

@ Such suppression is not available in standard left-right symmetric
models
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BN
Other flavor violating processes

o 7, — E3; mixing causes universality violation:

8L _ —
LY = 2= cos 0. T YV v W + h.c.
T ﬁ L
G2
A = GTzﬂ _1—5 = 1.0020 4+ 0.0073

@ Using 1 sigma error, this would lead to the bound s, < 0.073,
easily satisfied since s, = m./(Y,;kg) can be as low as 0.001.

@ Fermion couplings to Z boson are modified due to f, — F;
mixing denoted as s¢:

L2 = 2C [Fe{Ti(1 = s7) — Qrsiy } 7 fu + Tr(—Qrsiy )" fr] Z*

@ Polarization asymmetry parameters A,, A., A, are modified
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BN
Other flavor violation

@ Experimental constraints on mixing:

6Ab 2 6AC 2 5A'r 2
2 = —0.158 2, e ~1.20 52, e —12.38 52

sp < 0.463, s, <0.176, s, <0.048
e Z — ff is modified:
[(A— 77)/T(Z — ee) =1—s2=1.0019+00032 =
s; <0.053
e R, =T(Z — bb)/T(Z — hadron) and R, are modified:
Ry = RM(1 +0.418s2), R. = RSM(1 4 1.077s?)
sp <0.085, s, <0.127
@ All constraints are easily satisfied, since s, s, s, ~ 1073 allowed

in the model



BN
Charged Lepton mass matrix

@ Various blocks of Mg take the form:

* % Yf My, * *
Ye=|*x = Y5 |, Mg= * * Mo
* ok Y5 x*  Msp %

@ The * entries are taken to be small. In the limit of * entries
going to zero, e, yi, T masses go to zero

@ The leptonic Yukawa couplings Y may be large, not constrained
by me, . Large er — Eg mixing possible

o Exact diagonalizing matrix in the limit of * entries being zero:

edr CanCl CarS0Cs Caps0Ss 0 —Sap O] [er
S 0 Sp —cs 0 0 Of[ex
er | | ss  —cwecy —cs; 0 0 Of | esr
.| o 0 0o 1 o0 o|]|Es
EY. 0 0 0 0 0 1||Ex
Eds SarCo  SarS0Chs  SapS0Ss 0  Cap 0| \Esg
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BN
Charged Lepton mass matrix

@ Definitions:

Y = Y€cosf, Y5y =YCsinfcos¢, Y5 = Y®sinOsingo,
t I{Rye t IiLYe
anar = anq; =
M3, Ma3

@ The mass terms read as:

— M. M
L = My B0y Efp + —2 2

ﬁ2LE§R +

COLL QR

E%3,Ed + h.c.

o If c,, — 0 (i.e., M3 — 0), er and Eyg are flipped
@ Such a flip helps with constraints on the model from LEP
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o
Neutrino mass matrix

@ Yukawa Lagrangian for the neutral leptons:

Lo = Yy XuNg + Yi0rRrRNL + Y0 XNG + Vi Pr{ RN
+  MyN(Ng + i NJ CNp 4 ugNE CNg + h.c.

@ Resulting 12 x 12 neutrino mass matrix:

0 0 YVHL \N/IIKL
M, — 0 0 Yikr Y)kr
v YVTKJ[_ Y;TK/R ML M/\/

\N/VTIQL V;THR M,;’,_ HUR
@ Two neutrinos per family have mass of order M, 1
@ Mass of v, and vg given by
My, ~ YRR/ My, my, ~ Y7K]/ My

e Naturally light v;g. with m,./m,, ~ 60, or m,, ~ 3 eV. May
explain MiniBoone/LSND. (v, assumed heavier than 100 MeV)
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BN
Gauge boson sector

o At tree-level there is no mixing between W.* and W3 . Their

masses are: 5 5 5 5
M2 _ 8ikL M2 _ 8BRrRR
wh T T Twe T )

@ In the neutral gauge boson sector, the states (W, Wsg, B)

mix:
A gL8rB" + gegr Wi, + grgsWig
Vea(el +gr) + giek
Z'g _ gBBH _gRW;;?
V&k + &3
2
i g8&rB" — gL8r (1 + ?g) W3, + g5 Wik
L p—

VeE+ &5y Jeh + et + EL
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Gauge boson masses

e Z, — Zg mixing matrix:

2 2
2 2 2 2 gyt+8 2
1 | (ev +8&0) kL 8\ g2—g2 L
2 Br—8y
MZ —Zr — A
L=4R 2 2 2 4 4
g2 8y +8;r HZ 8r I{2 + 8y K/2
Y\ gi—gl "L gi-gl "R gi—gl 'L

@ Gauge couplings related by the embedding

Y B-L _ _ _
5 = T3R+T = g’ =gr +8s’

@ The physical states and their masses are given by:

Z1 = cos&Z —sinéZr, Zr =sin&Z; + cosé Zg,
Mg = S Mg
: 2 *gk—&r | 8h— &Y
2 2
8 K
¢~ 8% (g7 +68)(eh —63) L
g KR

R



[
Collider constraints: LHC and LEP

@ /g is nearly degenerate in mass with Wkg. Its interactions with

fermions:
2 2
g YR &
Lz, = > R = LR Vu |:T3R - §] 1.RZR
gr — 8y &r

8s — 8y 48w 2
4m? Y.+ Yr g2 Ye—=YL g
B=1— L ar=Tar— =Y, br=Tir— =X
M2, 2 g 2 g

@ Decay rates for Zr — WTW~ and Zg — Z + h are small
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[
Collider constraints: LHC and LEP

@ Branching ratios to various fermions defined as:

Mete )+ (utp) r(rrr7) 3M(vp o) + 3N (vRIR)
By = _— B = B, =

Motal Mtotal ' Mtotal
(ud) + T (dd) + [(s5) + [(c€) + [(bb) B I (tf)
=

Bjet -

,
Mtotal Miotal

gr | Be (%) | B- (%) | B, (%) | Biet (%) | Be (%) | G2t (%)
1 36 32 16.9 64.82 115 6 85
15| 3.89 382 | 1458 | 6526 | 12.42 16.31
20| 408 405 | 13.87 | 6527 | 1271 29.65
25| 417 416 | 1356 | 6526 | 12.83 | 46.80
30| 422 422 | 1341 | 6525 | 12.90 67.76

@ Zg width rather large, which evades LHC limits. ATLAS and
CMS have no searches for ['/M > 30%
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[
LHC and LEP constraints

o Width of W,%F is also rather large:

[ tot:
#m{??)%’ 164%, 29%’ 4_6(%’7 66%} for gr = (17 1.5, 2.0, 2.5, 30)
Wr

o Searches for W5 have limited /M < 30%. For gg > 2.0 there
is no LHC limit on W,ff
@ LEP-2 provides important limits on contact interactions:

ot e T [ o [t s e
ff = — o CRYueR T JeLVYpeL| |HRY" MR T ZHLY HL| -
‘ g — &) M3, {1+ (Thoral/Mzp)231/2 L5 7200 2

@ Best limit comes from ete™ — 777~ which gives A, > 8.7
TeV. =

My, > {611, 634, 638, 624, 598} GeV for gg = (1, 1.5, 2.0, 2.5, 3.0)
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I
Allowed regions for R(D*, D)

0.38 * 0.33
& odsf Jo31 E‘
e f R—
= e

034} Jo.20

032 . : 0.28

1500 2000 2500 3000
My, (GeV)

Figure: LHC allowed regions that explains R(D*, D) at 1 sigma.

28 / 42



BN
Solving the Strong CP problem

@ The quark mass matrices are given by

0 YU D li[_)
Muyp = ;
P (YJ,D kR Muyp

@ Parity symmetry sets fgcp to zero

o The determinant of My p is real. Hence § = 0 at tree level
Babu, Mohapatra (1990)

@ All one-loop corrections to 6 vanishes

@ 0 arises only at two-loop level, and is of order 10~10
Babu, Mohapatra (1990), Hall, Harigaya (2018)

29 / 42



One-loop corrections to 6

(=1
rd - —X" ~ - _L"-
~
g/ N o ®) B,Wir B,W3, © P 4 N
’ N \
(a) L H ra3 !/

¥ u AT u ¥ A
Ug UL Ug W R R L L Ur u Ug U
%R
-~
(d) B BWa () e . ) B B,Wsr
% AV %
Ur Ur uu UL UR U U UL U Ur Ur
B
. - x-- ~
%) s NRO )
x LY SNE
)
Ur uL Ur U Ur Ug U, U

0 contributions from these diagrams go as ImTr(H) or ImTr(H;H,)
where H, H;» are hermitian matrices. These traces are automatically
real. = 0 _jo0p = 0. Induced 6 at 2-loop ~ 10-1°,
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NN
A complete theory with Parity

@ A complete theory with Parity should explain why gr # g1
@ One way is to extend gauge symmetry to

SU(3): x SU(2), x SU(2)gr x SU(2)p x U(1)g_1.
@ A scalar field ®,(1,2,1,2,0) spontaneously breaks

SU(2), x SU(2)p down to its diagonal subgroup SU(2)cax

g, =g >+g5’

Even with g, = gg, one obtains g, # gr

@ The parity partner of @, a scalar field ®g(1,1,2,2,0), which
does not acquire a VEV, can be an interesting dark matter
candidate. It has quantum numbers of an inert doublet!
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BN
A Parity asymmetric scenario

@ We have developed an interesting scenario which does not have
parity symmetry in the same setup

@ Flavor violation constraints are readily satisfied by flipping of
certain fermions under SU(2)g

@ This model explains R(D*, D) anomaly consistent with LHC and
LEP data
@ The fermion mass matrices are given by

0 Yu.p,ERL
A
YUpetr  Mupe

Muype = (

@ We choose a specific texture sfor My p e, Yu.p.e and Y|, p ¢
without restricting Y, p r = Yup.e
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BN
A Parity asymmetric scenario-l|

@ Specific flavor choice:

Yo = V]YgRE Y= Vv My = diag(0, Ms,0)
Yo = ygiag7 YI./) - YE/)diag7 Mp = dlag(()» 0, M3)

Y.L(/iiag = diag( Yy, Y3', Y3'), YL//diagv: diag( Y7, ¥3", Y5"),
Y35 — diag(YY, Yy, V) and Y15 = diag(Y{9, Y47, Y1)

@ V| is the left-handed CKM matrix, while Vi is to have the form:

1 €1 €2
VR = —€1 €3 1
—€n 1 €4

@ This choice suppresses all FCNC to adequate level
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BN
A Parity asymmetric scenario-ll|

@ Seesaw only works in the b — B and ¢ — C sectors:
o 0 Y2u/€[_ o 0 Y3dlil_
Mc—C - <Y2/UI€R M2 > ) Mb—B - (YggdK/R M3

@ The light quark masses are then obtained as:

YUY/UH K
u ~ 2 T2 RLRR u
m, = Yllil_, me >~ ——————, mt:Y3/£L
M,
Y3dY3:dIiLK/R

d d
Yike, me=Yyr,, mp~
M3

mqg

@ The heavy quark masses are:
My = Y{"kr, Mc =~ M,, Mt = Y}"kg
MD = YlldliR, MS >~ Y2/dl<LR, MB ~ M3

o Note: My, M+, Mp, Ms vector-like quarks acquire masses from

SU=2=R breaking VEV kg



BN
A Parity asymmetric scenario-1V

@ The WRjE interactions with quarks is given by:

D
B8R 4+ - = +
L9 =2 UrCr Tr)vu VR Sk Wa* + h.c.
wiE \ﬁ( ) h b R

@ With the form of Vi chosen, there are no W, — Wg box
diagrams for meson-antimeson mixing

U,C, T
s L d
>
Wi wy
N
N
d U,CT s

Figure: Dominant diagrams inducing AF = 2 interactions such as
K9 — KO mixing in the LR parity asymmetric quark seesaw model.
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NN
Parity asymmetric leptonic sector

@ In the charged lepton sector, the mass matrices are chosen as:
Ye = diag(Y?, Y5, Ys), YE =diag(Y{®, Ys¢, Ys¢), Mg = diag(0,0, Mg)

@ Only 7 — E5 mix via the mass matrix

(0 Yir
MT_E3 B (YéeFLR ME )

@ Heavy and light lepton masses are:

Yey/eh: K
3 '3 LR
me = Yk, my=Ysr, mp~ ————r
Mg
7 7/
ME1 = YleI{R, ME2 = YzeHR, ME3 >~ ME

@ This structure leads to the leptonic interactions of Wg given by

Ver
R &= F+ _ _
ﬁéizf(ElR EQRTR)")/ 1% WS + h.c.
W, 1% MR R
R ﬁ Vr,
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NN
Collider constraints: P asymmetric scheme

gr | B (%) | B (%) | B, (%) | B (%) | Be (%) | i (%)
1 1.89 6.6 35.4 54.98 1.07 3.3
15| 0.349 8.55 32.6 58.25 0.20 7.3
20| 0.11 9.2 315 59.11 0.061 13
25| 0.043 9.4 30.97 59.5 0.024 20.5
3.0 0.021 9.65 30.67 59.6 0.011 29.6

Table: Values of the branching ratios of Zg for decays into fermion pairs
as a function of gg in the Parity asymmetric scenario. By's are defined in
Eq. (0.1). The last column lists the total width of Zg as a fraction of its

mass.

Here I'/M does not exceed 30%
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IS
Zr Production rate

gr | Mz.(TeV) o(fb)

1.0 1.0 0.8
1.5 1.5 5.2 x 1072
2.0 2.0 7 x 103

25 25 1.2 x 1073
3.0 3.0 25x 107*

Table: Zgr production cross-section at the LHC for the Parity asymmetric
scenario

These rates are consistent with LHC constraints
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I
Combined allowed region for R(D*, D)

038 * 0.33
N 3 -
(=) 0.36 * 0.31 'Ea
o et
~ r;
0341 1018
032 . . . 0.28
1000 1500 2000 2500 3000
My, (GeV)

Figure: LHC allowed regions in the Parity asymmetric case.

39 / 42



BN
Boundedness of Higgs potential

@ Higgs potential of the model:
A A
V = —(uxixe + ik xr) + S () + 55 (ckoer)? + de(xixe) (ck ]
@ Physical Higgs spectrum obtained from:
M2 _ 2)\1LI€% 2/\2/€L/€R
OLR 2MKLKR 2/\1RKJ%
@ Boundedness conditions:
At >0, Mg >0, Ao>—VAirhir
@ RGE for Aig given by:

dX 3 3 9
2 dA1R 2 2 2 2 4 2 2 4
“d 12X\ +4X; — Mgr(3gp + 98R) + 288 + 58B8R + 28R +

ARrTr (3YL’,T Yo +3viivh + vl Yg) — 4Ty (3(»/[,’r YO+ 30 V)2 + (v Yé)z)

167

@ For A\ig not to turn negative for an order of magnitude above

kr, Mp <25 TeV is reﬁuired



BN
Astrophysics and Cosmology

@ Light sterile neutrino involved in B meson decay can affect
supernova dynamics

o If produced inside, it should either be trapped, or cross section
should be small

@ Only neutral current processes are effective: ete™ — vgUR
5 ) 1 gygp s

16 487 (g2 — 82)> M2,

+

o(eTe” — Ugvg) = <

e Demanding energy loss in vg, Q(vg) is not larger than 20Q(v,)
yields:

(239 — 429) GeV < Mz, < (748 —3890) GeV  (gr =2)

e For BBN, if vg decouples from plasma before QCD transition, it
will contribute AN, ~ 0.1, which is acceptable
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o
Conclusions

@ Right-handed currents mediated by Wg gauge boson of left-right
symmetry can explain R(D*, D) anomaly

@ Universal seesaw scheme suppresses other flavor violation processes

@ Wr must lie in the range 1.2(1.8) TeV < My, < 3 TeV for
P-asymmetric (symmetric) scenario

@ The Parity symmetric model solves the strong CP problem without
an axion

@ Vector-like top partner is predicted to be in the mass range
Mt = (1.5 — 2.5) TeV with Parity symmetry

@ Several vector quarks acquire mass from SU(2)g breaking VEV in
the P-asymmetric scenario. These quarks must have mass < 2.5 TeV

@ Rich spectrum to be explored at LHC and SuperB factory
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