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I. Intro: Kaon, as old as Particle Physics
and Andrzej @j

-V particles from cosmic
- g—2=ua/n at one loop

- But still NP Frontier:

d \"
NAGZ : Q Kt—>zntvw vs K — vy mc;?

- KL — vy > GN George W.>. iou (NIU)  KAON, birmingham, 160915 5
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IT. Blinding [K* — n*]n% Blessed are the Blind

Or: Stupid is as stupid does.
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The Blinding K* — w*r"
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The Blinding K* — w*r"

NAG2 ()

@ CERN

Window basically Same
as E787/949 @ BNL
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The Blinding K* — w*r"

Range (cm)

a5 |

40

35 |

15

10

PHYSICAL REVIEW D 79, 092004 (2009)

BV. The E949 limit of IB(#" — vi) < 2.7 X 10—?: at

90% C.L. |60] can be cm%ﬂvﬁﬁd-ﬁl-lh-lﬁe-ﬁtflﬂ Ewreﬁige
value of B(K* — 7" #°) [24] to set a 90% C.L. limit of

B(K" — 77 X) <56 X108 for My =M. o with X

[ M This analysis
T & E949-PNNI
- % E787-PNN2
- @ E787-PNNI

ARRARRRRRRENRARRY RARRN N
E787/E949

IO AT - S A AR A B A

50 60 70 80 90 100 110 120 130 140 150
Energy (MeV)

Upper limit 907 C.L.

B(K™ — 7 X) as a function of the

1077

] . stable
e
N SR TR O
'1/200 weaker than K*i— n*vv bound
- .;.f zlp'n 05 = \; one H

¢/ 500ps.” i I S
- . - :: :'.'l 1 ]
= . ; : =
Poibns : _
= /oA =
il ! ! POE l E | Al
0 100" | * 200

Mass (Melx//c‘?}
FIG. 18. The solid lines represent th{&ﬁCL. upper limit on

s of X assuming X is

 K—>nvw>GN? George W.>. Aou (NIU)  KAON, birmingham, 160915 10U



K+ — m+“n®” Loophole vs K, — n®X°

ﬂﬂﬁz Q Window basically Same The KOTO Expt at J-PARC

as E787/949 @ BNL can discover K, — m0X% above

@ CERN  Kinematic exclusion: the Grossman-Nir Bound !
I d . -0, N Fih M N
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St < 1451079 (GNAound
| F0' b
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L T2V (0% ¢ . 99
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- ), |
o= = \| | K, — mOvv
= ‘0
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= “
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004 002 | 004 006 008 ?{%ﬂiﬁﬁ [GSJz‘?cq (Weakly Int. Light Particle)
X 0 Fuyoto, WSH, Kohda, PRL'15
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Continuing from what Pospelov
left of f this morning ... K|

— K, — n°+Nothing above “GN Bound”? —

- What you learned in "school” not quite right
- Seeing the possibility was inadvertent

- It all started from CMS & TopCNC Pheno ...

Y y
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ITI. A Motivated Model (existence proof)

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

+ ® o o

- Ky T’vw~>GN7?  george w.o. niou (NIU)  KAUN, biIfmMingnam, 10oUY1o 14 |



| Gauged L, - L, model

Altmannshofer, Gori, Pospelov and Yavin, PRD89, 095033 (2014)

W
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s

* U(1)’: gauginglL,- L. (u-number minus t-number)

- anomaly free within SM particle content X.6. He et al., PRD1991

* U(1)’ breaking: (@) = 2
- SM singlet V2
- U(1)’ charge +1
- 7' mass: my = ¢ ve

-L, - L; current:

LD—g 7, iy + vppy*vur — TYT — Ur Y vrL)

- Quarks? Introduce New Vector-like Quarks
4 “4G" chiral quarks chiral partners
- 1. mass, plus
U ~ (UR) N - g.!
= Upr D = (= U, D
L (DL) fooh r Dgr L k Yuk. Mixing w/
U(1) charges:  +1 -1 -1 +1 -1 -1 SM Quarks




PL-motivated Z' induces t = cZ' also
—— e !

Our Original Interest
PHYSICAL REVIEW D 89, 095033 (2014)

tg

CR

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

"unconstrained"”

BR(t = Z'c) =

x = 2w Y =2z 2.2 2 3N\
s ; ey LY
m; ms; |}: }uc | & |}J * |H i
Ot 4 4 Ut* Uc 4 4
Ma my; J

Z' > pru
BR ~ 1/3!
“gauged L, - L.”

=)  Should Search fort > cZ' 2> cutp-

eorge W.S. Hou (NTU)



[gauged L, - L]

1406.2332 Cannot Affect Pg . . s
Altmannshofer, Gori, Pospelov, Yavin [PRD - PRL] “Neutrino Trident Produc‘r}:or{uj’_’
PRL 113, 091801 (2014) PHYSICAL REVIEW LETTERS o eck ending |
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Leptonic Z;_z-induce@

igauged L,- L. |

U(1)' charge

(¢)

s (b)

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

d (s) SM-assisted loop
s>dZ'b>sZ

Fuyoto, WSH, Kohda, PRL'15
e

K, —n0Z
New Physics from Light Particle!?




A Little Some Work ...

s (b)
K (B)

Z' S 400 MeV < my

Aim: allowed t — cZ' rate

The effective dpy*spZ ;, coupling [16] has coefficient

— W [Cccfcc + (th + Cct)fct + Cttftt] , (G)

Jds

where vy is the extra U(1)" breaking scale, ¢;; =
T ra re T 2 s " e - - .
VisV ;&YUJ{}"jm.@-m.j /mz;, Yy are Yukawa couplings, and

2 9.2 2
mi; Smiy ms;
fet =1 +log—5 + ——"5—log ——.
ms; mi — miy m
3m?2 m2 m2 m2
. ' W W } t ) U
ftt—_ 5 92 1_ 2 92 10@, 2 +10g_2-.
mi — miyy mi — miyy miy mi

with fe. obtainable from fy In m? < -m%v limit. These

But,
K — w0Z' ?

B(Kt —ntZ)
_ mg+ |gas|®
I 64mm?,

N2 (L2 i) [FE7 (m3)] . (7)

where Az, y, z) = 22 + y? + 22 — 2(ay + yz + zu),
m=m/mg+, and f f ™ is a form factor. The formula for

K; — 7°Z’ is analogous, with |g4| replaced by Im g4s.

eorge W.S. Hou (NTU) KAON, B




K+ — m+“n®” Loophole vs K, — n®X°

as E787/949 @ BNL

@ CERN Kinematic exclusion:
exclude 0.01 - 0.025 GeVA2 [(100)72 - (160)*2 MeVA2]

ﬂ‘ﬁz _ Q Window basically Same

The KOTO Expt at J-PARC
can discover K, — nZ " above
the Grossman-Nir Bound |

[BUs, — nOvi) < 4.3 x BE* — ntur,

<14 ‘0—9. (G

“Blessed are the Blind.”
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A Surprise! “Trivial”

K, — m0vv
“Nothing to Nothing” (just yy)
— Veto Everything !

But: Cannot Veto WILPs.
(Weakly Int. Light Particle)

Fuyoto, WSH, Kohda, PRL'15
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IV. What Then? — an Illustration of Impact

Circumstantial Hints/Possibilities in Rare B & K Decays

Z' < 2m; vvonly

Z > 2m; vw/pp

- Ky T’VW8v~>GN7? george w.o. nou (NIU) KAUN, biIfmMingnam, 10UY1o Z1 |
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A

BaBar: mild hint in B* — K*vv
N.B. B(B —» Kn?) << B(K — nn?) II

3

SEARCH FOR B — K" y# AND ... BaBar'13 (471M BB(bar))

15f_|||||||||l|.-|"|-l-|- IIIIIH”IHIIlI”II”IIlIIHI””_f
b B =KW [ T e E
: _,—+—|_+_‘_ ] Sy - . N
3 a : . / o/ || N |
5E B ] 0.3 (excl.) yau Gl /AN IR K100
:' ot * S m . ~T J | | 1 y
12 __l =T | LI I LI T I LI I L | UL I LI W . -~ ll 4 ..'I '-._.‘1 0__." l “\E:;-gla
- B"—K"vv ] BaBar | 10-% . H i
C n - ~.
_%E E e NG iy
= o EI (PR |5 S —
S F - SoO | S I
2 of N e ay 1 !
@D E — 1 . -
= 1sp § I N A [
- —Uv.orF ™~ \ | f I s -
55 1070 oNt 949 |
chrr e e b v b g '\\_ ) i (]éXCl)
28:_|||r;|||||t|ll||||||||||||||||||||||||||||||||||_: e YT e AP
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15F ;
108 "] | ’ = Y
sk, T
= m | | j I | | | V’l’:/ Ll 1l | L1l | L1l |: .
Belle needs to follow up with

UO 0102030405 0.8 09 1
sg |4°/mp| 10 bins : :
s U the Binned m, ;. analysis.

small excess over the expected background in the K
channel, we report a two-sided 90% confidence interval. (9 Belle II)
1 S . driven by lowest bin
Gaussian significance of about 1.4 Therefore, this excess
Fuyoto, WSH, Kohda, PRL'15

1s not considered significant.
George W.S. Hou KAON, Birmingham, 160915 22
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Search for Hidden-Sector Bosons in B —

LHCb 1508.04094 [PRL'15 supplementary]
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'

Search for a muonic dark force at BABAR
1606.03501 >

"Pockets” exist, but paper came after our PRD,
so, will not incorporate in discussion.

Trident

102

exclude all but a shiver -+
above dimuon threshold

1073

10" 1 10
m,. (GeV)

- K—>nvw>GN?  (George W.>. hou (NIU)  KAOUN, birmingham, 160915 Z24 |



Comment: Light “g-2” Z' decay is
prompt, even when highly boosted.

_1 | e EEme |}
11}:\

249

o 1073

200 300 400 S00
mz [MeV]

04 2 1710731°[0.3 GeV1* [ Ey
e T mz | |10 GeV

Fuyoto, WSH, Kohda, PRD'16
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Z' > 2m; vw/uu
The 2" Window: “pocket physics"l

BR(t — ¢ Z') > 10¢ possible

\ 334 MevZ

219 MeV Z'

|

Funnel regions excluded by

E949 K+ — n* X(— vv). no fun Yut Fuyoto, WSH, Kohda, PRD'16




L

The Light Z,_, Landscape (illustration) @

Perhaps 100 TeV SPPC/FCChh Needed ... Or not? [50% up]
Contour in backdrop is|t — ¢Z} , 334 MeV Z
| E—— 2""!""!""."--|-
135 Mev a’ B
RN} 1141
. —
Ilo
SR wa i
II| | ["GN"} 1r
A e | _1
\ 0.5 .

\

Yuec & Y reasonable in strength - 1 0 1 2
Y, Fuyoto, WSH, Kohda, PRL'15
Ut and PRD'16

aeorde vw.o. n ou(Nivv)  KNAUN, pirminangairn, 1ouY1o Z/ |
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B(K ->n'w) x 10"

Standard Model



= V. Conclusion |

e
Ly e

A @
g, N |
- o |
) =

.-, &

t"a@‘fP .8 L7 4

L > o

- K, — ¥ + nothing: can occur above “Grossman-Nir Bound” = KOTO!
If See Early Event(s), Try Hard to Kill ... But Not Overkill.

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

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

Analyze, KOTO, Analyze!

K, — n%vv > GN? George W.S. Hou (NTU KAON, Birmingham, 160915 29






P.
_ 5 -: Tolk yesterday:

Th: Turstall this morning

C. Langenbruch @ Moriond EW [LHCb-CONF-2015-002]
PE 1 L L L L L .

A" Fa  wrnn ]

B~ Kiup LHCb 3fb! -

preliminary ]

B SM from DHMYV -

[1407.8526]

NP? AC, ~ —1:
heavy Z'

-0.5 +
e.g. 1307.5683; 1308.1501; I 1
1310.2478; 1310.3877; * |
1310.1082; 1311.6729 ... - 7]
_1 L L 1 L I L L [ L l L

0 5 10 15
Not Good, Not Bad ... Not Too Good ... 4" [GeV7/cH]
Tension seen in P. in [PRL 111, 191801 (2013)] confirmed
[4.0.6.0] and [6.0,8.0] GeV?/¢* show deviations of 2.9¢ each

Naive combination results in a significance o 3.40

Ton;  Compatible with 1fb~! measurement 3.7¢

31



Pick up + — cZ' topic at LHCP2014

Models with Light Z’ Gauge Bosons

consider a Z’ gauge boson at (or o-weak scale
associated with the@nomaly free L, — L, symmetr
difference between muon- and tau-lepton number X.6. He et al., BRD1991
couple the Z’ to quarks by mixing with heavy vector-like quarks
{ such a Z' was proposed to solve an anomaly intherare B —+ K*u™" u~ decay
WA, Gori, Pospelov, Yavin 1403.1269 )1403.1269

can also lead to
non-standard top decays

BR(t — ¢Z') ~ |Yur Y, P =2

I ask from back of room: “"How to Search?”.
Came the reply: “pp or 11" mode.
a dedicated search with existing LHC data should be able To0 consirain

this branching ratio at the level of BR(f — ¢Z’) ~ 103

at run 2, the sensitivity could be at the level of BR(t — ¢Z’) ~ 10~

Wolfgang Alimannshofer (PI) Rare and Exotic Top Decays LHCF, June 5, 2014 194720
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Can be refined by NA62

Piccini talk this morning Do — 5 10 15 20
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Fuyoto, WSH, Kohda, PRL’15
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The Blinding K* — w*r"
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I (We) have (all) stared
at this gazillion times,
and became numb.

W This analysis
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