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SPIN-2 PARTICLE

(d SPIN-2 PARTICLE — as a low-energy signature independent on the UV
completition
- possible existance in lattice QCD as spin-2 long-lived glueballs
- in modified gravity —
in theories with large dimensions, wrapped or extra dimensions

1 we will consider non-universal couplings with the matter
(e.g. RS-type models with the SM field localized differently in the bulk)

] study of implications of such a massive (complex) spin-2 boson on
anomalies in b — su+u_ decays assuming that in the lepton sector
spin-2 particle couples only to muons
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FRAMEWORK (1)

Lagrangian of a spin-2 field (Fierz-Pauli linearized term):

1 t 2 1% 1 T 2 1% t V ~p T P~V
Ly ==26,,(0+M*)6" + 2G| (0+M*)G; ~6,,0"0"G] +G,,0"0"G, + h

Lagrangian of a spin-2 field interacting with the matter:

I L[ = L — — v
L= —K{a,,- [w,- (7,0, +7.0, )PLw,-] + b, [(@Vw,-n +0,W.7, )/’Lw,]} G" +(L—>R)
LR LLR
a, = —b,.j
L c-G“Aww. +h.c.
12— G“ ﬂ/’jw’w/ +he produce scalar/pseudoscalar operators
1 . which contributions are highly suppressed
[’5’ = _JU‘W {C;Tiij/pﬁpq”j}G'uv + (L —> R) in b—su yu decays
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FRAMEWORK (Il)
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Feynman rule — spin-2 boson interaction with fermions:

uv

-1
K(X’” +X,,) X = aijﬂ (k,, +k,, )P, + a,.’;;/ﬂ (k,, +k,,)P,

Feynman rule — spin-2 boson propagator:
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EFFECTIVE LAGRANGIAN FOR b —> su” 1= TRANSITIONS

4G
- F h.d.h.d.
My =— \/_vv(ZC(y)O(ﬂ)m(ﬂ)O(ﬂHZc 0" ) +hec
2 j;h.d
dim=6 SM operators dim=6 BSM operators
ez — 82 — ez — ez —
07 = g_zmb(sa/,[PRb)Flu 07 — g_zmb(SO-yPLb)Fﬂ Op = > (EPRb)(€75€) Op' - 5 (EPLb)(st)
e’ - e’ - e’ - e’ -
O, = = (sy, Rb)( Ly L) O, = e (sy, Pb)( Ly L) O, = o (sP.b)( (L) O = —~(sPb)(L{)
__€ 5 % _ € 5 Ty 0-5 s Tot)  0.=—5 To"y, L
O = (sy, Pb) Ly y() @ S(sy Pb) Ly y )| O T2 SowhbNLo ) rs = T2 COwhAbI oyl

dim=8 operators
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SPIN-2 MEDIATOR IN b —> su* 2~ TRANSITIONS (1)

Building effective lagrangian from the following transition amplitude:

u(“\j new L & R operators of dim = 8!

. reducing the number of operators:
B i 8 3 i i) equations of motion
i) Fierz rearrangements
\ iii) global fit analysis indicates that B-physics
(k) anomalies are explained by NP physics for
C,=—-C, , i.e. the new interactions should
be of V-A type

s(ps)

a,,a,, =0 — C¥=-C;

we are left only with the L-operators:
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SPIN-2 MEDIATOR IN b —> s 2~ TRANSITIONS (Il)

‘reduceable’ dim=8 operators :

e’
4
: 8) _ o _ ;
O™ ¢ mm,|—— (PbNAw)  (a=b) Cs" = Colu (c¥=3c.aifa, +a])
e - = (8) R
Os(g,S) <4 m,m - (SPLb)(,U,U) Cg) -0 ( C _—c al,| a,, +a, | )

167°v° 1 1
Cet WV, 16Am;

‘real’ dim=8 operators :

OF =(sy"id" Pb)(Ly,id. 1) C” =—Cgoa,,a.,
OF =(5y"i8" Pb)(Ly i 0y y,l) C.2 =Cqaa,,

O® = (sy"id" Pb)(Ly"i0" PL) c®=-2c, a,0,,
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AM, =(AM,), +(AM) ., +(AM,) . +(AM) ,

STmy Qs

D —— ——

dim=8 contrib.

Of =(57y"i0, Rb*)s y i 0, RO") — miQ =mi(s”y"b])(s/y"b])
(8)
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CONSTRAINTS ON SPIN-2 COUPLING WITH QUARKS a.,

Combined bound from B, —B,and the top decay width:

QZ — mZ (Eaba)(gﬁbﬂ) (operators ~ m; and m,m, are neglected)
L ™R L ™R
(8)_ 2=a P\ =012 aL ’ 12 4
Qs =my(s g )5, bz) w— | <1.4x10™2 GeV"
Am,

[ b) TOP DECAYWIDTH | SU(2),—~ a,,=a,
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for mG > 150 GeV — strong constraints from LHC
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CONSTRAINT ON SPIN=2 COPLING WITH MUONS

[ MUON ANOMALOUS MAGNETIC MOMENT ]

[ Bound of azﬂ from (g-2), : ]
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EFFECTS OF SPIN-2 PARTICLE IN B— K" 11 (1)

d,(g*)cos’ 8 +é,(q°)cos* &

d’T =
14 p— 2 2 2 2
4 zdcosé?_af(q ) Hb,(g")cosOtc,(q”)cos” O+
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F () =C,f (@) +—2C.f()

mB mK
F(g*)=C,f.(q°)

mm

F(q’) =-m,C,, {mcf)— “(f,@)-f.(q ))}

NP effects

W~ F FY L F FY....CY (£, £.F,, f.F)
)NFVFVNP’FAFANP C(S)(f+ f+FA)
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£ (q") =-BAUa*)CE f.(a°)

FSNP(q2)=m€ m

m

— (" +C ) fola?)
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EFFECTS OF SPIN-2 PARTICLE IN B— K™ 1 (1l

d’T ~ = >
+——=0,(a°)4{b,(a’)cos O+ ¢, (¢ )cos’ 0 4d (a”)cos’ 0+ ,(a”)cos* 6
dg'dcos® . . SM + NP
NP effects NP effects
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EFFECTS OF SPIN-2 PARTICLE IN B—> K (> Kz)u 1= (1)

d'T
dqg’ dcos6, dcosd. d¢ 327

/(q 95,6' ,P)

g°,6,,0,.,4)=1;sin" 6. +1;cos* @ . +(I;sin* @ . +1; cos’ § .)cos26, +I,sin” 6. sin® §,cos 2¢
+1,5in26 . sin26, cos ¢+ 1, 5in26, . sind, cos ¢

+(lgsin* @ . +I¢ cos® 6 .)cos 6, +1,5in26.. sind, sing

=™ 5@ c®

A 7,9,10( LLSIC(S))COSH ~/,-SM /mt COSH

™\

NEW ASYMMETRIES APPEAR'!
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EFFECTS OF SPIN-2 PARTICLE IN B— K™ (— Kz)u" 1= (I
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EFFECTS OF SPIN-2 PARTICLE IN B— K" (— Kz) ™ g~ (lll)
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CONCLUSIONS

_l_

J we considered spin-2 mediator in b — su ' @~ transitions

(d we considered flavor non-universal couplings to left-handed b and s quarks, and
spin-2 particle couplings to muons only

 B-B mixing, top-quark decay and (g-2),, form factor provide constraints to the
couplings

3 spin-2 mediation increases insignificantly BR( B— K 1) and BR(B—> K (> Kx)u" 1)
— this simple model cannot explain observed Ry, and Ry anomalies

[ spin-2 mediator can create forward-backward asymmetries ~10-20% for rather small
mg = 20 — 40 GeV
- this is specially interesting for B— Ku" i~ decay where A.i(B—> Kt )y = 0
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