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1. Kaluza-Klein Graviton Search at the LHC

- via forward detector
G. C. Cho, T. Kono, K. Mawatari, K. Y, Phys. Rev. D. 91, no. 11, 115015 (2015)

- as a mediator of dark matter
S. Kraml, U. Laa, K. Mawatari, K. Y, Eur. Phys. J. C 77, no. 5, 326 (2017)

2. Baryogenesis
- a model by using a dynamics of a rotating forced

pendulum.
K. Bamba, N. D. Barrie, A. Sugamoto, T. Takeuchi, K. Y, arXiv: 1610.03268
[hep-ph]
3. Model of Monopolium and its Search at the LHC
N. D. Barrie, A. Sugamoto, K.Y, PTEP 2016, no. 11, 113B02 (2016).
4. Dark Sector Search at a low energy experiment

- my recent work:
X. Fan, S. Kamioka, K. Y, S. Asai, A. Sugamoto, arXiv: 1707.03609 [hep-ph]
K.Y, X. Fan, S. Kamioka, S. Asai, A. Sugamoto, arXiv: 1707.03308 [hep-ph]
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1. Introduction: Standard Model
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1. Introduction: QED interaction
SM SM
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M. Aaboud et al. [ATLAS Collaboration],

“"Evidence for light-by-light scattering in
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Nature Phys.13, no. 9, 852 (2017)
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1. Introduction: Dark Matter Search

SM SM
DM- DaFk
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1. Introduction: QED Case known
W. Heisenberg, H. Euler, Z. Phys. 98, 714 (1936)

Hei -Euler L :
elselnbewrg uler Lagranglan. . _ V2(F +1G).

L=—F—— dss—? exp(—m?s)
8w J _ 1 py 1 72 2
F=drp ) (- 2)
[( v Re coshesX | 2o :

X\ (es)*G ——,esff] . R

Im coshesX : g = ZFWF“ =F - H

2a2 (h/mc)? e F/\p‘

=3(E*—H*)+ — X[(E*~H2)*+7(E-H)* ]+ - - ne = 3

. from J. Schwinger, Phys.

Rev. 82, 664 (1951)

»Ceff:_%Fiy—l— +




Our work
arXiv:1707.03308

1. Introduction: Dark Sector Case

Photon I;\nergy

Dark Fermion Mass

)

We calculated here including
coefficients a,b,c

“F + aF?

Vacuum Birefringence Experiment

bG?

1cFG
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2-1. Effective Action in v
Proper-time Representation |- wx

P with y
Actlon |
Sw m) /d4z Uy (10, — (gv H gays)A.) — m| U
Effective Action: ;L
Sl = [d'z LalA,) = —iln | [ Di(@)Db ()i
(i) AT in(A 4+ mid)
— \—7)—1Tr 11 T : :
2 Au(z) = 1B,
(Zd _JV z” )2 — il’” (QiFﬂ)\FA”> T, E, << Mpy

1 1
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2-1. Effective Action in x(0) = x(s)
Proper-time Representation

1
Set(A) = (—i)@n(H + m?)

traces of x¥ and spin

5 e S
V. Fock, |

Physik. Z. Sowjetunion, 12, 404 (1937), tranSltlon amplltude
Y. Nambu, /(141 tr (xz( |2(0), b(0))
Prog. Theor. Phys. 5, 82 (1950)

Quantum mechanics of a point particle with
position x¥(s) at a proper time s
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2-2. Path Integral Representation
Seft ( 2/ e=ime /(14;17 tr (z(s),a(s)|z(0),b(0))

(x(s)|xz(0))" x <2 (C‘OS X' (s) + cos X,_(S))>

s)|z(
.’L‘”(S)Z:B” .S 3. ’
(z(s)|z(0)) / Dat(s') ot Jo ds"AS)
;1;/-‘(0):33/-‘

(2 (cos X, (s) +cos XL(s))) = 2(cos X} (s) + cos XL (s)) [2X(s) = (=1)3/dja(s)]
v e—z‘fosdsrfosds Zaﬂg (s")A(s'— )a,sjﬁ( )}

/

jA:O

l > ds —im?s / ¢ v/ v/ !
Lg(r) = 5 — € (x(s)|z(0))" x <2 (cos X (s) + cos X_(s))>
_ 5 )y s | | _
A= [ ds'[—iw)? + v (Bt - %M(FMF*”)@I Buls)= [ d[géﬁFﬁ — (v B — z'gAm]

X4 = 2 (FO£G0) Fe)=3BuB), §6)=BuB )



2-2. Path Integral Representation

) © (s 2 /

Lg(zr) = 5 — 7" (2(s)]|x(0)) x <2 (C‘OS X' (s) + cos X’_(G))>

|

Generalized
Heisenberg-Euler formula:
L 1 /oo ds —m?s (g+‘5)2g < (g_s)Zg
off = — —€ - ,
8 812 Jo &7 Imcosh(g.Xs) Imcosh(g_Xs)

X % ((cos X' (s — —is) + cos X (s — —"5))>,

F:iFMVFMV:%(B?—E’?)
Gg=-F.,F'"=F-B 15

4



2-2. Path Integral Representation

g,=-€, 9,=0 (9,=0, g.=-e)

->reproduced QED case |
=1in QED

L _ 1 /oo ds —mzs( (_g+.5'_)2g J (g_s)Zg
eff — — — € X ~
812 Jo s (I cosh( g+Xs)) Imcosh(g_Xs)

X % <(c:os X' (s = —is) +cos X' (s — —'zf.s))>,

o

1 .
{  a g+ = ;(gvi\/g?ﬂngi)
L= —F—— dss—3 exp(—m?s) -

8 Jo & X = \2(F +1iG),

Re coshesX
X [(eSVS

) 1_§(“)25] from J. Schwinger, Phys.

Im coshesX. Rev. 82, 664 (1951)
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3. Effective Lagrangian of Fourth Order

1 /00 ds _ 2. (9+5)*G " (9-5)*G
— — —€ - - - . -
8r2 Jo s3 Imcosh(gyXs) Imcosh(g_Xs)
] - B . Y
o Xyl i)+ X2l i)
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3. Effective Lagrangian of Fourth Order

We derived as follows by using diagrams:

. 1, : ;
g% {232]: + Es4 ((493 +2g%)F? — 393'(]2)}

FE)Y = 3
()Y =
(@ (5))) =

1
16°

L

16

(32, g .
! {39,44(3]:2 -G+ ﬁgi(wﬂ +G%)
64 ,

+ 594 (97 + g2)F* — 2igv gaFG)
2

—

32 4 oo 8 .
{ Sk (~F2+3G%) + gh (P2 + 567)
64 .

+ 59 (g% + g3)G* + 2igvga FG)

. 2
+16 ((9v + 92)G + 2igv gaF) }

—

F =0

G— —F

18




3. Effective Lagrangian of Fourth Order

S s (945G (-G

dimension 4

' \J[ m cosh(g, X s) I m cosh(g_Xs)
X — <(COSX' (s — —is) +cos X' (s — —is))>,

extract s# terms

(52 —~ EQ) O(s*) corresponds to O(F*)

‘ (sF,, makes no dimension)

aF? 4+ bG* + icFG
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3. Effective Lagrangian of Fourth Order

Sy(m) = / d*x DM [ (23 —(gv +9a75)A, ) — %DDM

Log = —F + aF? +bG{+icFG

F= ZF,WFW == (B’ E?) G = —FWFW —
1 8

— (4m)2mA (45 Gy — 3 Gy 9a — E QA)

1 14
— (47)2m* ( gV —I_ ngA + 90 gA)
1 c=0 when

— (dm)Zm* (3 gvg + 9 gv gA)ngrgvlsO

J. Schwinger,
We followed a method developed by Schwinger Phys. Rev.82, 664 (1951)
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4. Dark Matter Model
SM + U'(1)y, + 1 Complex Scalar

L= ‘(iaﬂ- — 1Y By, — giY;Q

spontaneously broken (S) = "'Us/\@«.

1 | |
'Cmixing — 5 '77'2.-231 (EQBM B -+ QgB’u'B H + B:LB ,u)
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mpr = g’lYS’US - = glyts
4. Dark Matter Model ~ = ¢!

. | |
Llnixing — 5 '772/231 (823“_8“ - QEB“B M + B:LB [L)

mass diagonalization@

1 2

92 2 2/ 92 92 9 91
miz:)=0. (msz)" = —v -+ + €

( A) ,( Z) A (91 92) g% | g% o

2 /
2 2 2 Yy — «
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B,
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4. Dark Matter Model
i a1 A + 2B, 5 ,
A, = : '
V9 + g3 V93 + g3 ’%
L= {a F?+bG*+ic .779}
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5. Relation to the low energy experiment:
Vacuum Magnetic Birefringence

Experiment ,.1705.00495
- OVAL (Observing Vacuum with Laser) experiment

Conventional

Eur. Phys. J. D (2014) 68: 16
- BMV experiment

Eur. Phys. J. C (2016) 76: 24
- PVLAS experiment
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5. Relation to the low energy experiment:
Vacuum Magnetic Birefringence

Experiment
JEIT ~—
SEDAARRENZAL \

FED2DDIRBRT & (. \
RABREN RS TZEET BT &,




5. Vacuum Magnetic Birefringence
Experiment

Polarization State: 2 parameters

Elliptically Polarization
polarized Rotation
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Experiment
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5. Vacuum Magnetic Birefringence
Experiment

Conventional




5. Vacuum Magnetic Birefringence
Experiment

Leg = —F + aF? + bG\+ icf@

Equation of Motion

ne = 1+ %BQ {(a +b) £ \/((1. —b)? — c:Q} |



5. Vacuum Magnetic Birefringence
Experiment

After a distance L though the magnetic field

Conventional: €(45°)
450 (cos(¥ — 2¢)€(45°) — isin Ve(—45°)) / cos2¢ (D > 0)
€(45°) - ((cosh # sinh ¥ — cosh ¥)e(45°) — isinh # sinh We(—45°)) /coshé (D < 0)

sin W/ cos(V — 2¢) for € =€(45°%) (D > 0)
sinh # sinh ¥ /(cosh W — cosh #sinh W) for €; = €(45°) (D < 0)
(+)D>0inQED -



5. Vacuum Magnetic Birefringence
Experiment

After a distance L though the magnetic field
Detecting F interaction: €|

R ! ((—z sin U + cos 2¢ cos U )¢, )/ cos2¢ (D > 0)

€
” | (cosh ¥ +2sinh 6 sinh W)e — cosh&'sih We | (D < 0)
N J (2sin W + cos 2¢ cos W 6_]_) /cos2¢ (D > 0)
. — cosh # simh \116” + (cosh W — zsinh # smh W)e (D < 0)

¢ = 0(QED)
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5. Vacuum Magnetic Birefringence
Experiment

Conventional




5. Vacuum Magnetic Birefringence
Experiment

Conventional Ours

Ei?é(g)"’%(él)Fabry—Perot @ (2) Ring Fabry-Perot

resonator resonator



5. Vacuum Magnetic Birefringence

Experiment — Conventional, QED/DM

ki = (ellipticity)\/m|B|*L .
10"17 1 ( p y) / | | \I] — 7{'(72” _ '”'J_)—
«=aan EXP. Limit )
o - mv,e:10 eV 2 [a? 2 24 2
" — m,. =100 eV L T (m) B* =4 x 107%(B[T])
01 m,..=1000 eV
s~ E laser energy:
UO‘” = _
v = 1-4¢eV
=~ -
-21 .
10°°E"  Experimental
= Limit

AANANANNANNANANANNNNN \T\\\?Oi’a;\\‘

108 107 1074 1073 1072

mixing parameter y

QED

/
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5. Vacuum Magnetic Birefringence
Experiment — New Set Up, ¥ DM only

10716 7 |
ko = (polarization rotation)\/w|B|*L

1077 -=== Exp. Limit
—m,. =10 eV
—m,, =100 eV

—m,..=1000 eV

107
107"°
1072

ﬂ| Illlﬂﬂl IIII|T[| Illlﬂﬂl IIIIHH]_ﬂTlTﬂl

Experimental
Limnit

¥
A R T T T T T TR TR TS RIS @

21
(}7\1 0
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N
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1072
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107%7
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6. Summary

1. We considered Parity violated dark sector model,
and derived generalized Heisenberg-Euler formula

2. Our focus lay on light-by-light scattering effective
Lagrangian of fourth order and gave a result:

Lot = —F + aF° + bg

L | o——
_ = py o 2 2 — |27 g— .
F=1Fuf" =2 (B~ E?) = Fu " =E B
o 8 4 4 2.2 1 4
@ = gz (15 9v — 5 9v94 — 35 94)

1 4 34 97
b = (47)2m4 (411_5 g%/ + 15 9\2/9124 + 90 gi)

¢ = gz (3 9v9a+ % 9vgi)

3. We focus on Vacuum Magnetic Birefringence
Experiment to probe the dark sector and propose new

polarization state and the ring resonator in stead of the

usual Fabry-Perot resonator to measure the Parity
violated term
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