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Motivation — light Dark Matter

thermal freeze-out (early Universe)
indirect detection (now)

« Only gravitational evidence of Dark Matter .
« Can we see it elsewhere?

SM

« If DM couples to quarks, can find:
« Final states with other particles

« Final states by itself: i.e. “Invisible widths”

direct detection

DM SM

Pl
<

production at colliders

. nght DM: MDM < 5 GeV
« Can use heavy meson decays to probe for it
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Motivation —invisible background
/" b(®y) vi(P1)

vi(p2)

BS(PB) <

A(k)

\_ S(®s)

« Main background in SM for invisible « Experimental M — Invisible:
width is neutrinos « B(B; » inv) < 1.3 x 10™% Belle(2012)
« Lowestorderin GpisM — vv « B(B; — inv) < 2.4 x 107> BaBar (2012)

« B(D° - inv) < 9.4 X 107> Belle (2017)
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Two body decay: M — vv

_ for B-decays: J& =g, v* b
_ _4Gp __ a E E ! Bl ! Y5 Jog = ALY BL
[’eff 2 2msinZ @, A X" (1) ]Qq (VL Yu VL) where <for D-decays: ]gq =u vyt
l=e,ut k

. l _ * L Xt | xet2 3(x¢—2)
also for B-decays: A X' (xy) = |th th| ?t[ﬁ + (xtt1)2 In xt]

Branching ratio are tiny: B(Bs -» vv) = 3.07 X 1072

GE o [ 13
16m3sin* 6, Iy,

Badin,
Petrov
(2010)

y thl2 X?(x;) x2 B(By - v¥) = 1.24 x 10725

v

B(B; » vi) =

2 B(D° - vv) =1.1x 10730
« Helicity suppression factor of x;; = (%) ( ) (

B

o Canit be used to measure neutrino mass?
« PDG

: 5/7/2019 Cody Grant - WSU - Pheno 2019




However, SM Invisible decay has more terms!!

B(M - §) = B(M - vd) +[B(M > vivo)|+ -

Bhattacharya, Grant, Petrov
arXiv: 1809.04606 [hep-ph]
(accepted to PRD)

B(M-vvvv) GI?-M,‘\L,I s> 1
B(M-vv)  16m2xi
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Four body decay to neutrinos

Vertices are:

@ (Pp) vi(p1) ® 2 Body Ly
O Effective Z propagator
—<4—

— Vi(p2)

BS(PB% 5)Y
S\4qs

Vi (pg) i, k are flavors

b= Vk (p4) Bhattacharya, Grant, Petrov
\S‘ (pS) arXiv: 1809.04606 [hep-ph]
(accepted to PRD)
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Details of the calculation

Amplitude:

. G% a Vis Vep X(x¢)
4m sin? 6,

s =

ZLZ 7. (0|ST#’b|B;)
i,k

Simple quark model:

1
(0|STH b|B;) = j dx Tr[[#V1pp | where x =I’j—”
0 B

Bound state wave function:

I. ;
Vs = =05y (¥*Pou + Mygs ()
fo

¢p(x) = ngs(l —x—%)
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Results: Branching Ratios

B(M - K) =IB(M - vd)|+|B(M - vivd)

/

B.:3.07 x 10724
By:1.24 x 10725
D%:1.1 x 10730

Badin, Petrov (2010)
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\

Bg: (5.48 + 0.89) x 1071°
B4:(1.51 4+ 0.28) x 10716
D?:(2.96 + 0.39) x 10727

Bhattacharya, Grant, Petrov
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That’s g Orders
Of Magnitude!




Example of BSM: Dark Photon

Lowest order diagram: ¢ (€2)
fb(Pb) Vi(pl) L = — %W3MVW3/“W — %BMVBMV

2
5 + £ p 1 w 4 vy u
Vi(p2) 2BuvV 2 vV 2 uV

BS(PB)<

mixing parameter

A(k)

\. 5(ps)

Strongest experimental bounds: Strongest SM bounds: Still have room for DM,
B(B; — inv) < 2.4 x 1075 B(B; » 4v) = (1.51 £ 0.28) x 10716 but need more
yields || < 125 yields |e|~ 3.1 x 10™* experimental data!

BaBar (2012) Bhattacharya, Grant, Petrov
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Conclusions

« SM contribution to the invisible width of heavy mesons:
« Branching ratio is dominated by a four neutrino final state
« g orders of magnitude for B-decays over B(B — vv)
« 3 orders of magnitude for D-decays over B(D — vv)

« Can we use invisible widths to constrain neutrino mass?
» Since B(M - vivv) > B(M - vv)
and B(M — vivvv) is NOT proportional tom,,
= NO!

« Can we use invisible widths to search for light DM?
« Perhaps, but need more experimental data
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Questions?
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