K, — v Beyond Grossman-Nir Bound

George W.S. Hou ({1 #479)

National Taiwan University

July 24 @ EPS-HEP2015, Wien

eorge W.S. Hou (NTU)


http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageB.php
http://www.ntu.edu.tw/chinese/PageB.php
http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php

K, — ©%vv Beyond Grossman-Nir Bound

Outline
I. Kaon: the Oldest Frontier

Fixation on Grossman-Nir Bound — Shake It Off!

IT. Blind Senses
Stupid is as stupid does / KOTO Could Win Big

III. EXp“CiT Model (existence proof)
Gauged L, - L, related fo muong-2 +

IV. Where Else? — an Illustration
“Exotic” Rare K & B Decays

V. Conclusion

Fuyoto, WSH, Kohda, 1412.4397 (PRL'15)
and to appear [see also talk by M. Kohda]
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mostly Tr, [T+
B(Kp — nvi) <@.Dx B(K™ — nvi)
< 1.4x1077. (GN bound)

68+

I. Kaon: the Oldest Frontier

Fixation: Grossman-Nir Bound
1997

 Kg—>mvw>GN7?  George W.o. Aou (NIU)  EPSAEF, Wien, //Z24/ZU1>0 o5
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IT. Blind Senses

[Forrest Can Run;

Stupid is as stupid does. 'nd became Rich! ]

- NN 1TtVvYVv-~>GGN? o georde w.o. nou(tNiv)  Eroncr, vvien, //4Z4/Zu1o O |
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| Bound on K — 7tX0 |

BV. The E949 limit of B(#" — v#) <27 X 1077 at
90% C.L. [60] can be combined with the world average
value of B(K" — 7" 7%) [24] to set a 90% C.L. limit of
BK" — 7" X) <56 %X10°% for My =M o with X

PHYSICAL REVIEW D 79, 092004 (2009) stable
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FIG. 18. The solid lines represent the &‘bc .L. upper limit on
B(K* — 77 X) as a function of the m@s of X assuming X is

K —>nvw>GN? (George W.>. hou (NIU)  EPSHAEF, Wien, //24/2015 ©
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K+ — m* “1%” Loophole vs K, — m0X°

NAG2 ()

@ CERN

Window basically Same
as E787/949 @ BNL

Kinematic exclusion:

exclude 0.01 - 0.025 GeV"*2 [(100)"2 -

(160)72 MeVA2]

The KOTO Expt at J-PARC
can discover K, — m%X% above
the Grossman-Nir Bound |
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“Blind man Blessed by Senses.”

A Surprise! “Trivial”

A K; — 7w experiment, however, cannot do kine-
matic reconstruction: besides detecting two photons (as-
sumed as 7), it measures “nothing to nothing”. The K,
and “7”” momenta are not known. The approach is thus
t# veto evervthiné I and to learn while pushing down the
sensitivity. However, the 7 being the target, one cannot
veto weakly interacting light particles (WILP). Thus, for
K — 7X° where X is any WILP that falls into the miss-
ing mass window, the K™ experiment would be oblivious,
but the Ky, ‘experiment can have a blunt feel!l Although
the GN relation of Eq. (4) is in no way violated, theper-

Geu-ed—GN—bem-}d—@i—Eq,—@-} does not apply. This is the

main and rather simple point of this Letter, independent
of model discussion. The X" need not be the leptonic
) force, as it simply goes undetected. Fuyoto, WSH, Kohda

K| — 70

> GN?
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III. EXpliCiT Model (existence proof)

gauged L, - L, related to muon g - 2

+ ® o o

- Ny Tt'VW-~>GN7? o ggeorde vw.o. nrou(NIiv)  EFoNLF vVien, //4a4/ZUlo 9 |
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Our Original Interest
PHYSICAL REVIEW D 89, 095033 (2014

tr

CR

Q, D, U: vector-like quarks with Z' charge
2(1 —2')2(1 +2%)
(1 —x)(1 + 2x)

"unconstrained"”

BR(t = Z'c) =

x= m%{’ : x = m% 23 v?o3)
m; m; Y Y5 |'j ? 4+ Y, Y5 e
Ot 4 Ut Uc 4
( 4my, 4my,
Z' N T
=)  Should Search fort > ¢cZ' > cptp- BR ~ :l/;l.

See M. Kohda's talk today, Top session. “gauged L, - L‘r”

KL — mOvv > GN’ eorge W.S>. Hou (NTU)  EPSHEP, Wien, //24/2015 10
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Linking Leptonic Z' touon g - 2
igauged L,-L. |

1406.2332 Cannot Affect Pg . . .
Altmannshofer, Gori, Pospelov, Yavin [PRD - PRL] “Neutrino Trident Production”
PRL 113, 091801 (2014) PHYSICAL REVIEW LETTERS 29 AUGUST 2014
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Muon g — 2 related Z' < 400 MeV <my? | New ®hysics from Light Particle!?

KL— mvv > GN 7 eorge W.>. nou (NIU)  EPSHEP, Wien, //24/2015 11 |
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Leptonic Z;_z-induced@

lgauged L, - L,

s (b)

d (s)

flow of JU(1)’ charge

(¢)

Q, D, U : vector-like quarks with Z' charge
(¢): generates Z' mass

SM-assisted loop
s>dZ' b > sZ

Fuyoto, WSH, Kohda, 1412.4397
e

eorge W.S. Hou (NTU)

New

K, —nZ
Physics from Light Particle!?

PSHEP, Wien, 7/24/2015 12
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K+ — nt+ “n%” Loophole vs K, — n0Z’

ﬂ‘ﬁz _ Q Window basically Same

as E787/949 @ BNL
@ CERN  Kinematic exclusion:

exclude 0.01 - 0.025 GeVA2 [(100)72 - (160)*2 MeVA2]

The KOTO Expt at J-PARC
can discover K, — m°Z' above
the Grossman-Nir Bound !

| B(K; — %) <43 x B(KT™ = ntvi
o

< 142072 (G

“Blind man Blessed by Senses.”

A Surprise! “Trivial”
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A K, — 7%v experiment, however, has no luxury for
kinematic reconstruction: besides detecting two photons

(assumed as 7Y). it measures “nothing to nothing”. Nei-
0

ther the A;, nor even the 7~ momentum is known. Thus,
the approach is tgf veto everything) and to learn while
pushing down the sensitivity. One, however. cannot veto

weakly interacting light particles, or WILPs  the v be-
ing the target. Thus, for X — 7.X° where X? is a WILP
that falls into the missing mass window, the K experi-
ment would be oblivious, but(the K experiment can have
a blunt feel of it! Although the GN bound of Eq. (3) is
in no way violated, the perceived hound of Eq. (4) does
not apply. This is the main and rather simple point of

Fuyoto, WSH, Kohda, 1412.4397

eorge W.S. Hou (NTU)  EPSHEP, Wien, 7/24/2015 135
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IV. Where Else? — an Illustration

Circumstantial Hints/Possibilities in Rare B & K Decays

Z' < 2m; vvonly

Z' > 2m; vw/pp

- Ky T’VWw~>GN7 george vw.o. nou(NiIv)  EFPORLCFKF, WleNn, //Za4/ZUl> 149 |
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BaBar: mild hint in BT — K*vv \
N.B. B(B — Kn!) << B(K—>TETCO)

SEARCH FOR B — K'"vp AND ... BaBar'l3 (471M BB(bar))
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0 0102030405 0.8 0.9 1 Belle needs to follow up with
sg |g°/mp| 10 bins . .
B
small excess over the expected background in the K the Binned Mis analysus.
channel, we report a two-sided 90% confidence interval. (9 Belle II)

driven by lowest bin
Gaussian significance of about 1.4¢. Therefore, this excess

1s not considered significant.
K .— 7% > GN?

Fuyoto, WSH, Kohda, 1412.4397
George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 15
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KL— movv > GN?

George W.S. Hou (NTU

EPSHEP, Wien, 7/24/2015
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Low g% Spike Search in B* > K*rutu-

W
3._.
L] &
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) @,

<

P «
2.8 };.J

Z' ~0.285 GeV
> g%~ 0.09 GeV?

Fuyoto, WSH, Kohda, 1412.4397

LHCb should do the “extra work™ for lowest g°
LHCb 3 fb~!, JHEP 1406
— . MICSR  lLatice e-Data } ___ WWLCSR - latice eData
> ok 3| 2 5F B K'utu
% LHCb _ % 4 LHCb 4
X 41 x 3 £
= il & ¢
= ++ 1l = *F
Has
% lll'J' IIISIIIIQIOI - % OD_I g IIOI IISIIIIQOI
¢* [GeV¥c*] ¢ [GeV¥c*]
— 20— MLCSR Frlattice - Data
2 B — Ky ]
ﬁ LH}L(IjéI—:
*{J i
X
R + L
3
S 05~ 5 05T 20

q? range (GeV?/c?)  central value stat syst
¢ < 0.98 33.2 18 17
1.1 <¢? <20 23.3 1.5 1.2
2.0 < ¢? < 3.0 28.2 1.6 14
3.0 < ¢? < 4.0 25.4 1.5 1.3
4.0 < ¢ < 5.0 22.1 1.4 1.1
50 < ¢? < 6.0 23.1 1.4 1.2
6.0 < g¢g?> <70 24.5 14 12
7.0 < ¢* < 8.0 23.1 14 1.2
11.0 < ¢* < 11.8 17.7 1.3 0.9
11.8 < g% < 12,5 19.3 12 1.0
15.0 < ¢* < 16.0 16.1 1.0 08
16.0 < ¢* < 17.0 16.4 1.0 08
17.0 < ¢* < 18.0 20.6 1.1 1.0
18.0 < ¢* < 19.0 13.7 1.0 0.7
19.0 < ¢* < 20.0 7.4 0.8 04
20.0 < ¢° < 21.0 5.9 0.7 0.3
21.0 < ¢* < 22.0 4.3 0.7 02

* Private Communication with LHCb

21GeVct]

N.B. Talk by A. Mauri 7/23 on LHCb Dark Boson
search in K*'utu~ probabl

more constraining

K — movv > GN? eorge W.S. Hou (NTU) ~ EPSHEP, Wien, 7/24/2015 17


http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php

The Z,_, Landscape

Perhaps 100 TeV SPPC/FCChh Needed

See M. Kohda's talk

in Top session.

Contour in backdrop is
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KL— movv > GN?

George W.S. Hou (NTU

EPSHEP, Wien, 7/24/2015 18



http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php

~ V. Conclusion |

)
 ¥a
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™ 1
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« K, — n? + nothing: can occur above Grossman-Nir Bound = KOTO!
If See Early Event(s), Try Hard to Kill ... But not Overly So.

« If above GN Bound, then likely “n%’ mass object (that slips thru NA62)

* When KOTO reaches below GN Bound, concept still effective.
= KOTO/NAG62/LHCb/Belle(ll) all in game.

Run, KOTO, Run/

Stupid 95 Qs Stupid Does

K, — novv > GN? eorge W.S. Hou EPSHEP, Wien, 7/24/2015 19 |
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I Light “g-2” Z' decay is prompt,
even when highly boosted.

Z — vv 100%

Z' — uu, vv 50:50

1_:;........

12

I‘(Z! —r .Vf.??g) = E?ng

=0 107F

1074 ),

m

1
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