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cA ﬁtb e #*% Portal to New PhySICS I

Vector Portal T G
Higgs Portal H'H ¢T¢
Neutrino Portal HLNR

Only three renormalizable portals in the
Standard MOdeI Ballet, Hostert, Pascoli, 1903.07589
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VY BETE Nonstandard Interactions

LN = Loy +

Neutrino mass Nonstandard Interactions (NSI)

d=5
c > _

A (L(Lfiﬁ*)(qﬁLL) LNc-Ns1 = —2\/§Gpe£§[%7”PLvﬁ] [fv.Pef]

_ fFCr— 7
P. Minkowski 1977, T. Yanagida Loc-nst = _QﬂGFEaB 7" Prla] [f,’YPPCﬂ ,
18;3 Weinberg 1979, S.L. Glashow Wolfenstein, Phys. Rev., D17, 2369 (1978)
Ve, Vi Vy Ve, Vo Vg
Seesaw mechanism f=ud: f=ud
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WY BETE Heavy Neutral Leptons
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The Standard Model (SM) ) SM Extension with 3 HNLs
. . in-1 in-
Spin-1/2 fermions s Spin-1/2 fermions t)Sopslgn1s
u | c |t g u ' ¢ |t g
up charm top gluon up Barm top gluon
v Spin-0 _'Q: ' Spin-0
= d S b Y Higgs g d S b fY H%Z;S
3’ gwn strange bottom photon boson daua Sliande Balion photon boSON
0 0
ViV Z H Vo/Ny, VN, VN | £Z0 T H
nénuu|rr1]0 nea? . o \fNeak lI;|iggs A sterile ml.t.lc_) s neﬁ?rli‘n sterile 8 weak Higgs
8 orce oson neutrino neutring neutrino neutrino neutrino 5 force boson
——- \Li + w LT:’ +
e T W e | p| T e
@ electron UERE L= 2 force arXiv:1301.5516 — electron muon tau o arXiv:1301.5516
@ Best-known description of fundamental particles ¢ Introduce right-handed states known as
and their interactions (expect gravity) heavy neutral leptons (HNLs)
® Neutrino oscillations suggest m, > 0 @ Seesaw mechanism explains light
® Non-zero neutrino mass is not included in SM neutrino masses
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VY BETE Neutrino dipole portal
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U R e e — ——3
Nl 1o S, | dLEP9s%CL ) ]
¥ 1SS ] H R [ 1
1074 S 1 : \@S‘- 3 -
Ee o 1 < 1 | S A 7" E
~~J_ | s I XengnlT 90% C.L “%;, 4, LEPPS% CL.
AY NI, 7
;—:?:: ..~"s‘_ IBorexino + SK  |LSND *r:f(\ //I/, /’—5
— =~ J2 “v-74,62 ev/kton—day |95% C.L. \C,‘/ ' DUNEND, SV
T «F =< -EE"-‘:-- _ 2’ ~ ”‘;\0
> 107 S~ = e RN O
> E Borexino 'j-.____ "~__~ N ,%/CC’ E
3 90% C.L - S===
=) ' i i T | S ]
= E - E
to*k h 1 & Collid
R > r searches
[ SuperCDMS 65 ev/1—ton year ] O I e
3 O el @ Beam-dump experiments
s SBND 95% C.L. 1 p p
10-10 n__n_a_nononall : \ " el A

« 4 Neutrino telescope searches
¢ Dark matter detection

.
SRR L TSI T T T T T T Ty T T 3 T ST T T T T T3 ‘ A t h I
1 ' E 3 ] E
\.: L e dy LEP 95%/C.L. : P VoSS dy LEP 95% C.L. ] STro p yS ICa
i I~ ] RNy 1 R F T T~ 1 + A -
-4 ~, 1 NS 3 | _ 1
107 e 338, / T S S RS PUNETD o4 ¢
3 1S ! S3%;, d, 7 LEP/95% C.L. /] B~ 1 1 SN IXenqnIT90%CL. \‘:"@ dy 7 LEP 95% C.I ] ceceee
P AN .
|I ,f’é) 3
2 L,“\Q
— 3 — 9
% 3 % ; Borexino "'Q\ E
9‘ - ] 90% C.L
— Iy Bum\, - 3
ER E ‘*-._'___”Pn + ™ E
= d.62 m/k[['m“ =
108~ ____ —— XenonlT 90% CL. 08— ____ -
F SuperCDMS 65 ev/1-ton year Borexino 90% C.L.
E MiniBooNE 95% LL_ E
= === IceCube 1 ev/6 years ]
1010 . L —— i 10710 L L A L
107 10° 10 1073 10° 10!

M4 [GGV]

arxXiv: 2105.09699

T (et £F)




Afor st NSi@electron collider
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d*o
+ - - ——— = H (2, 2y;8) 00(s

€' € — VV’Y d:U,YdZ,Y ( YA ) ( ’Y)
al [1+(1—2,) 22
. .« . . . H . = —— 7 - -1
Altarelli-Parisi radiator function (@ 245 8) Tz, [ 1— 22 2

2
ete” = v oiM(s) = ALSE: :

o My (97 + 9%) [(

s— M2)*+ (MZFZ)Q]

—|—G—2FM$V{S+2M3V Mg (S+M‘2")1og (s+M3V)
T

28 S S

2 (o _ MAf2 2 \2 2 2
gy Mi(s—M3) X[(3+MW) 1Og(s+MW)_MW 3]}

(s — M2)" + (MzT'z)? s?
Nicrosini, Trentadue, PLB 231, 487 (1989)
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A fe x4 % 4 Neutrino dipole portal @electron collider
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ete” > y* > N(- yv)v

dony 2o (s—my2)* (1 —22)s + (14 23)m?)

— ZN = cos Oy
dzn 453
ad?(s —m%)%(s + 2mg)

3s3
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Solenoid

Barrel

et e-colliders

BESIII detector

Linear accef®fator Dampring  Storagering
_65m 800 m

£

* E,,=2-7GeV, L=0.5x10%cm?2s?
* Potential for upgrade to increase L and realize polarized beam
* Site area: 1 km?

¢ 2021 - 2025: Key technology R&D, 0.42 B CNY.
¢ 2025 - 2031: Construction, 7 years, 4.5 B CYN.
* Operating for 10 years, upgrade for 3 years, operating again for another 8 years.

Vs =

electron / positron
linear injector

positron damping ring
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ol Bte £ 8 o Mono-y @ e* e colliders I

8

M Monophoton

ey X

Undetected

Irreducible Backgrounds ete™ — vuy

eTe” > ¢4y
ete” > yy(¥)

Reducible Backgrounds
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o/for ¥RE Reducible Backgrounds I

SC

endcap__ [ \\\\\\\\\\\\\\\ \\ummu/ s *

- — - —

EZBE (MDC) : |cosf| < 0.93
KITHIEILTERER (TOF) : |cos@| < 0.83 0.85 < |cosf| < 0.95

FBHERERT (EMC) : |cosf| < 0.83 0.85 < |cosf| < 0.93
T (Alexrk ki)




G /- fo 2 F K Y e e —meey I

DD

1 1

fotor  DPton o for 13 <1 & m, — 0

e=10"1

=T ¢
— 10 - Basic Cuts
&) i
: " 7
. (5 x 108
1 s
Gep " Ras
2 1 1 P . | 1
2.0 3.0 4.0 5.0 6.0 7.0

M2 o

collinear singularity in the t-channel

T (et £F)




Y Y RE TS Reducible Backgrounds
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E;n sinf, — Eysinf; — FEysinfy =0
E,"f‘ cos O~ + Fq cosfy + Ey costy = 0
ET' + By 4 By = /s,

V/8(Acosy —sinby)
A(cos ) —cosb,) — (sinf, + sinb,)

Em(gfy) -

A = (sinf — sinfy)/(cosf; — cosby)
sinf; = sinf, = sinf,,

15
sin 9,\/ - YZ, et. al., arXiv: 1907.07046
sin 91)

ete” > eTe y,|cosO,+| > 0.95
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VY RETE AIFRAVIE A BRI +E 41,3058
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EM Calorimeter KiMiion |
1500 \ ‘4 Detector |
e- , e’
(7 GeV (4 GeV)
A solenoid |
@ 1.5T

-Centr:;l =
Drift
Chamber

Barrel and Forward
Particle ID Detector

F (ke xik i)



VY RETE AIFRAVIE A BRI +E 41,3058
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EM Calorimeter Ki.-Muon |

= / Detector |
> {7
e+
(4 GeV)

solenoid |
@ 1.5T

-Centr:;l =
Drift
Chamber

Barrel and Forward
Particle ID Detector
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Predicted backgrounds in Belle Il single photon
analysis for 20 fb'. Loose selection, not optimized.

Final sample is almost entirely ete” — vy v (y) with >3y

ete” — yvy vy with 1y ]

in backwards gap
and1at6 ~0

irreducible

T (et £F)

2

— 77T
=Belle Il simulation ma’ ]

final 6 selection,
not optimized

«— ~300 events —

Ll
o

I LI L I LI L I LI |

b« ~25k events 5 i

B With E2<3.9 Gevae il

50 100

6Iab (deg)

C. Hearty | Dark sector at BaBar, Belle, and Belle Il | US Cosmic Visions

10
10°

10°

Entries / (bin x 20 fb

10

1

irreducible

Belle 11, 1808.10567




g R LE o Cuts at Belle-II
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VSs(Acosf — sinfy)

Belle 11, 1808.10567 - A(cos by — cos0,) — (sin . +sin6;)

A = (sinf; — sinfly)/(cosf; — cosbs)

T T T T T T

50 100

_'20' ~ 40 60 '%80' N '1(30' Hlé(')' ”1210" -
elah (deg)
J. Liang, Z. Liu, Y. Ma and YZ, Phys.Rev.D 102 (2020), 015002.

T (et £F)




T (et £F)




A foz Ak NSI@Belle [I&STCF
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1.0F 06 RARN _
o5k . oaf STCF, L= 30ab™’
0.5} ] : ; \
the SM point _—~ Only bBG 0.2
0.0} . 001 i 0.0
X o s x3
o2 %“F % -0.2
-0.5 \ Belle II -0.5} 04
\ — -1 / oy mass cut :
\L=50ab”_, Belle Il
—10ol S _ -0.6
1.0 1ol L=50ab™"
) —0.8Ls " M " L " "
) - _ ) ) -06 -04 -02 00 02 04 06 08
. -15 =10 -05 0.0 0.5 _05 0.0 05 1.0 Ei:;, o
high mass cut eL oL ’
ee € pp,rr
ete” — 4% with /s < My STCF-2 STCF-4 STCF-7 Belle IT Previous Limit
doSM GZs, L=30ab! | L=30ab! | L=30ab"! L=>50ab! 90% Allowed [45]
= H(z., 2y,8)——C" CM =2 4 g2+ 29, +1
dzdz, 2m ILTIRT SIL T 3 ek [-0.067,0.061] | [-0.033,0.031] | [-0.018,0.018] | [-0.0091,0.0089] [-0.03,0.08]
NSl 2 €. €. € €. €.
do™ H )%CNSI cMl=1 ¥ [(6&%)2 + (eeB)® + 2(grech + gneaﬁ)] + 2ect R | 060015 | [0.163,0087] | [-0.070,0.053] | [-0.031,0.028] [0.004,0.15]
dr.dz - Loys Zyy 8 o a,f=e,u,t
A2y el .| [0.13069] | [-0.073,0.101] | [-0.044,0.052] | [-0.023,0025] | [-0.03,0.03)/[-0.502]
2 __ 2 _SM — (NSI /1SM
X = 0%c”M L 0 —C / ¢ el | [0.600.15] | [0.163,0.087] | [-0070,0053] | [-0.031,0028] | [-0.03,0.03/[-0.3,04]

Iso-o0 contours form concentric circles with
center at

(Efxi: Ecexi) - (_gL - 5ae: _gR)
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: : 0.20
\/s=160 GeV 0.06}
10k ] 015k 0.005
0 0.04}
0.10} —0.005
05 0.02}
% g 0.05 -0.005 0 0.005
o.of v 0.00}
0.00}
—osl ~0.02}
' ~0.05}
J/5=91.2 GeV o4
—1.0f $=91.2 Ge . . . ) . . . , , , .
20 15 10 05 00 0120 0.15 —0.10 -0.05 0.00 0.05 0.10 -0.04 -0.02 0.00 L°-°2 0.04 0.08
el el € rr €
€ee €ee \/g 2 MZ
el e e e e e NSI (_eL eR _ el \2 eR 2 eL 9JR eRr
o™ (eeer€ce) = I ((EeeL)z + (Eeg)Q) + (B + L), + Ig‘;]feef g (Euu/f'r’ EML/T”') =1 ((EMH/TT) T (emu/ﬁ) ) + Do€per + 1—29?6##/7?
GE/F{/ﬁ#ﬂ%Jmﬂkﬁ%@Mi is a function of /s
Allowed regions lie between two concentric circles with the center:
(L, ) = (_12 +13  Igr ) (L, &R )= (= Iy, Igr
ee?’ “ee 211 K 21191, ‘ I/ TTI " gt/ TT 2[1 ’ 2119[,
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)bz H XY Include 125 GeV
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0.06}
1.0 0.005}f 0.04}
0.5} 0.02}
x © Il:.. \d i
(]
P ool Be 0 \u§: w\?‘ 0.00}
-0.02f
-0.5}
-0.005 -0.04}
—1.0f -0.06}
-20 -15 -10 -05 00 -0.04-0.02 0.00 0.02 0.04 0.06
eL
€ee £’e-e €, rr 5;/’/—
\/s=240 GeV
\/52160 GeV CEPC-91.2 CEPC-160 CEPC-240 CEPC-combine Previous Limit FCC-¢e 125 GeV
L=16ab1! L =26ab"1 L=56ab ! |L= [16+2,6+5,6}ab_1 90% Allowed L=10ab"1! COnStralntS Of NSl
V/5=91.2 GeV =L 1[-0.0037,0.0037]|[-0.0036,0.0035][-0.0010,0.0010]  [-0.00095,0.00095] [-0.03.0.08] | [-0.0042.0.0041] parameters by
varying only one
Sﬁ: [-0.0017,0.0017]| [-0.014,0.015] |[-0.0065,0.0070] [-0.0017,-0.0017] [0.004,0.15] [-0.023,0.027] .
parameter at a time.
Eprr [-0.0014,0.0014]| [-0.012,0.012] |[-0.0055,0.0053] [-0.0013,0.0013] [-0.03,0.03)/[-0.5,0.3]|| [-0.021,0.019]
Sf:erT [-0.0017,0.0017]| [-0.014,0.015] |[-0.0065,0.0070] [-0.0017,0.0017] [-0.03,0.03)/[-0.3,04]|| [-0.023,0.027]
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- Neutrino dipole portal I

o dy .
£ > L(dyyW4,1 + dyB,,)Ho, N, + He. b= (d30089w+78m9w)
v [(d
dz = ( cos 6 d381119 )
SSB V2 \ 2
l dy = /5
W 2 2
LD dw(prW}wO"u ND) + vy [d}, v dz ]O'MDND + H.c. {mNa dWa dB}
dw = a X dB
IV g, d~(acos By — 2sinb,,)
Z _-[ 2cos,, + asinb,|
L5 ko, F*N + He., h V2ad, \
(2cos b, + asinb,, |
{mn,dy,a} a = —2cot b,

T (et £F)



Ao x4k 2 HNL Decays
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d2m3 . =
TNy = ZWN N = vZ* > vff
d%(m% — M2)?(2m% + M2)
TNz = Srmd, O(mn > Mz), N S W* — ¢+ ff
d?
Paowe = 5o/ (m = (Mw = me))(m} + (M = me)?)
TFTTLN

| L L S L B B R A LA A 1— 10
8
6
{4
0.1
— o C 42
3 3 -
- 1 b 3
= =t ”
ST 4 A -2
my=>50 GeV 0.01 ‘.
—_ _ar 3 . 3 I‘.I E -4
L =85 GCe:V i F —  Scenario [:-dy, =0 3
107" E — my=100Gey E [ - - Scen"é}rio II:dp =0 ] —6
E — my =200 GeV 3 s \ . i
2 g . B Scenatrio III: d),=2dp tand,, | —8
107° 1 ] — & /(, AR R Scenario IV : dy,=—2dg tand,,
! ! ! ! : ! ! ! ! ! paa da sl a1 Lis s 3133 Lis s a1 3311 —-10
—10 - L y 5 10 50 100 20 300 100
4=/ % my (GeV)
FNHV
_ Br(N — vy) = i
a = —2cot Oy ( ) yovy + TNz + Tvowe + TNabody
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Production at electron colliders

ol(ete” — ND)
o?(ete” — N7)
c"%(ete” — ND)

oW (eTe™ = Nz)

ad?(s —m3 )2 (s + 2m3)
3s3 ’
ad% (s —m%)?(s + 2m%)

24c¢2 52 s (FQZM'% + (M2 - 5)2)
adydz(s —m3)%(s + 2m%)

[
Gy SwS? (FQZJI/[% B (Mf% — 5)2)

(853 450 +1) |,

s, + 1) (MZ — ) }

a(dfy)” 2 M,
— 25— (2M 1
252 s 5= (2Miy +5) log —m3, + M3, + s

M2,
2 W
N (—m?\, + M3, +s

bl

)

d =d; =dy =107
my =100 GeV

*  With /s « M, the contribution from
: Z or W can be neglected comparing
' with .

* o7 has little to do with the CM

3 energy when my <« +/s .
« ¢" dominants when /s > M, while
can be ignored around Z-pole

o Z/ N e
Lb
102 - Ll ' T Ll T L l L) T T Ll ' T L] L) T ‘ T T T T 102 »
10' L d, =d, =dy =107° . 10"
my =0.1 GeV :
10° | 4 10°
o 10 1
N ] ¢
] 102
Negative with /s > My 10
— g%
,
—_— O'A - 10—4
— o—.f E
W
L 1 (] 1 7 10_5
L L L L 1L L L L L L Il L L L L L Il 100
100 200 300 400 500
\-’? (GE‘V)

1 1 1 I 1 L
300 400

Vs (GeV)

L 1 1
200
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VY BETE Decay Length
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RPC: 8

RPC: 9 i
Electro Magnetic avers
layers Calorimeter y

SC FITTEEETTET TTT BT GG E TR T EEEETE,
Solenoid

Barrel
ToF

Endcap
ToF

5C
Quadrupole

e+ ﬁ & am— — — — — '-r——‘

2.3
FN—> — —ldl mN. 4—H Ez _m21
T AT |ﬂ2mﬁ

Paec() = (1 —e™/4e)Br(N — vy). Ny =Lo(ete™ — NV)Br(N — 1Y) €cuts€der Pioc (In)
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VoS XX L . Searches at LEP
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OPAL collaboration, Z. Phys. C 65 (1995) 47 u?c': 4 . . .
2T T 3 . x
LEPT | 5 | ™ e | Z—7-+invisible 2 N
B — Vs=m 1 ® 3} 4
‘i’r -, Vs <my @
8 1o L L3 collaboration, Phys. Lett. B 412 (1997) 201 =
g | E
I SN, ] o
':é S E 1r h
a / V\A”“u o
| A L
¥ [— g L. . .
" ; ; _;_ 5 6 78 9‘1'0 . 20 30 40 50 : o 20 30 40
Minimum energy (GeV) Emln (GeV)
scan-points. The 95 % CL upper limit on the cross-section 95% C.L. upper limit of 3.2 x 10—% with E, > 15 GeV
at the Z° peak for production of a single photon with energy
exceeding 23 GeV is found to be 0.15 pb. For models in
DELPHI collaboration, Eur. Phys. J. C 38 (2005) 395
I—EP2 NE 200209 GeV Z—>invisible Phys.Rept. 427 (2006) 257
<5 > 205.4 GeV B
Nobserved 190
HPC Noackground 0.1 new physics contributions ngmvisible < 2.0 MeV at 95% C.L.
0.06 <zy <11 Nete— Sy 198.1£2.0
45° < 6, < 135° Omeas (Pb) 1.5040.11
Ouiy(y) (Pb) 1.61
N, 2.7140.30
2
- O'SM + O_Nl/ — o®P
X = Soexp

T (et £F)
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B l':- LI ll L] L L] Il LI ll L] LI II L LI ll L] L] -
107" - * Wrong numerical results.
— I d. (LEP 91GeV . L
Hl L T\ v - ) ' e Unreasonable experiment limits of LEP used.
o I
o0}
<
— 107 -
= C N
i d ,(LEP91GeV) & |-
10*5 L L al 1 L al L L al L . aal L L 1al M L al L L 11
10~* 0.001 0.01 0.1 1 10 100
my (GeV)

Comparison between our results (solid lines) and that of [arXiv:1803.03262] for the 95% CL upper bounds at LEP.
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) A 6o 2 KA Four typical scenarios I

Scenario Assumptions Relations
I dyy = dz = —dytanf,; dyw =0
Il dp =0 €a>80>  dy=d, cotfy;dy = /2d,/sinb,
I dyw = 2tanf, x dp dz = 0;dw = V2d,sind,
IV |dyw = —2tané,, x dp|dz = —d., tan(20,,); dw = —\/Ed,}, sin 6, /cos(26,,)

~ dy(acosf, — 2sinb,)

Sy
N
|

2cos b, + asin b,

\/§ad,},

2cos by, +asinb,,

T (et £F)
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g Xt L T < Results at LEP
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(! s
RSy oF T°

1072 LLLL B B LR R LLL LR LR R LL] | 10°° E T T T rrrrm o rrrr e 3
Scenario I: dy, =0 A Scenario IT: d =0 E T
4y ==t tand oy =0 ] 4y =d.coth, duy =VTd, sind, * A characteristic “U” shape.
10 } 10° -
TF R * The measurements of Z decay will
< ol 1 = N\ derive same sensitivity for all the
é } é - 5 three lepton flavors, so almost do the
[ — LEP1 i [ — LEP2fore ]
[ — Lep2 . [ LEP2for } ] monophoton searches at LEP1.
5| — Z—y+INV 5| — Z—=y+INV
10 '_ ZINV ' 10 _— Z—INV 3
0.001I ”“E)I.IE)I I “IHE]I.II ' ”m"i I ”“"ilO I ”mil(l]() 0.001I ”“6:2)1 I ”I“E).fl I ”m"i ' ”“"iIO I “mi‘(IJO ° the Constralnts On electron Wl” be
my (GeV) my (GeV) i
2 stricter than mu or tau from
T bl | Ll T 10 1 T LI T U
Scenario 11 : d), =2d tanf),, Scenario IV : dy,,=—2tanf,, xdg monophOton SearCheS at LEP2
dy =0; dy, =V'2d_sinf,, =
' ) dy =—d tan(26,); dy =—V 2d,sind,, /cos(26,,) .
107 * The constraints from the
...................................................................... T measurement of the branching ratio
] 2. for Z — vy + invisible are always
: LEPL found to be most stringent.
[ r — LEP2 for e 1
L — 1EP1 i L LEP2 for p,7 J
5| — P2 for e 5| — Z— INV
10 g- ----- tgle gor e - 10 g'_ Z%’I‘rl\frv -é
my (GeV) my (GeV)
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g Xt L T < Results at CEPC
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1077 T 107 A\ A AR AL LR AL B (N A Operation mode 7 factory WW threshold Higgs factory
Scenario I: dy,,=0 Scenario II: dg =0 E
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* The current constraints basically do
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5 | the typical scattering energies are far

; less than the electroweak scale.
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od X te L X Summary I

* Both Belle Il and STCF can provide competitive and complementary bounds

L,R : : .
on £, as compared to current global analysis, and strong improvements in

- L,R
the constraints on oy

* Electron colliers running with three CM energies /s = 240,160,91.2 GeV will
break the degeneracy between the left- and right-handed NSI, and can
reach a sub-percent level sensitivity for all electron NSI.

€ The more general dipole couplings to HNL which respect the full
gauge symmetries of the SM are considering.

€ The constraints on active-sterile neutrino transition magnetic
moments dependent on the model at high energy colliders.
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