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BO5 Members D)t
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B0OS5 “Dark Matter Search with Electron-Positron Collider” Q
MERERE 75 & F(Shohei Nishida) ~ KEK
(Principal Investigator)

X 7 183F (Co-investigator) JEEZ (Koji Hara) KEK

w57 1HE (Co-investigator) A EFF— (Hidekazu Kakuno) BHEBAR(TMU)
X 9 #8#F (Co-investigator) Thomas Czank IPMU
BiZE5>48E (Co-investigator) Yun-tsung Lai IPMU
MEmHE WMAER IPMU

(Collaborative Researcher) (Shigeki Matsumoto)

+ one new PostDoc researcher at KEK from JFY2022 (now under selection)
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By Dark Matter Search @Accelerator (==

Dark Matter Mass (GeV)
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)y
Accelerator
e*e” collider hadron collider
- KLOE, BaBar, Belle, Belle II * LHC (ATLAS, CMS, LHCDb)
e ~ 10 GeV : sub GeV region e ~10 TeV : WIMP search
 Clean environment * Also search to sub GeV

region (competitive)
v’ large cross section.

 (ILC 250 GeV ... future)
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Belle Il Experiment e

Belle and Belle Il experiment:

« KEK (High Energy Accelerator Research
Organization) in Tsukuba, Japan.
» Accelerator: KEKB / SuperKEKB
v' Linac +
v' Asymmetric e*-e~ collider
 “B factory experiments” (produce large
amount of B mesons).

Accelerator KEKB SuperKEKB
Experiment (Detector) Belle Belle Il
Operation (Year) 1999-2010 2019-

Beam Energy 3.5GeVer+8GeVe 4 GeVetr+7GeVe
Luminosity [cm™2 s71] 2.1 x103% 2.4 X103/ 8 X 10 (target)
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Super

Belle Il Experiment D)=

o

Bellell — A

main target process
ete” — Y (4S) — BB (0=1.1nb)
 “B factory”.

* large amount of charm and t are
also produced.

S. Nishida (KEK)
Feb. 6, 2021

Dark Matter Symposium

BO5: Electron-positron accelerator 6



Belle, Belle I )

[PRL 108, 171802 (2012)] * In 2001, Belle and BaBar

(experiment at SLAC) discovered
the CP Violation in B mesons.
* Verification of Kobayashi-
Maskawa Theory
v" Nobel Prize to Kobayashi
and Maskawa (2008)

Events /0.5 ps

£ o6l £
E 0 4 ++’++¥J}F E . Search_ for New Physicg using “loop effect”
< °§+ ¥ JH‘ 1< v Virtual heavy particles (maybe non-SM)
0.2 x%+ #f appear in a loop
0.4F  Hyt * Precise measurement
aad T and comparison with oS
et ks ° the SM prediction.
— Need very large
dataset (B mesons). ud

5.3 GeV 0.9 GeV
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Super
Belle I
> 4 |

o)

.........

mmmmmmmmmm

A ) ). )

» Belle Il Collaboration
v’ 26 countries and regions
v’ ~120 institutes
v' ~1000 collaborators

* International collaboration.

» General purpose detector.
« Asymmetric beam energy — study of CP violation by measuring the decay
vertex
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Super
Belle Il s
-

« 2016 Feb-Jun : Phase 1
v' SuperKEKB operation without Belle II s

» 2018 Feb-Jul : Phase 2
v' Belle Il without inner vertex detector. ’
v' Commissioning of SuperKEKB.

v" First collision.

« 2019 Feb-:
v Physics run with full Belle Il detector.
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Super
Belle Il
>

 Luminosity [cm™2s™1] = (event rate [s™]) / (cross-section [cm™2])

v’ performance of accelerator (~ ability of collision). 103 cm™2s™" =10 nb™'s™
* Integrated luminosity = Luminosity X (operation time) = Data Size

v’ 1 ab1=1000 fb™!: total amount of Belle data in 10 year’s operation

v' Belle Il aims to collect 50 ab™.

-1 SuperKEKB
fb . " -
1200 Integrated LummOSItY[fb-1 ] —Lp'sak Before IR upgrade | ——Int. Luminosity a
‘_KEKB ;PEP_ll‘ = 3 —L . After IR upgrade 60
1000 ~ o _
g 50 3
| e IR r/_’/ X, [partial] =
. > R (QCS*) 2
600 = 30 2.
KEKB/Belle \;/’ — 2 s 2
400 /_/;\ £ 0%
//_/‘ A =
200 / B 10
0 / PEP'I I/BaBar n (Tuning) 0
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 2019/1 202171 2023/1 202511 2027/1 202911  2031/1
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Super
Belle Il
& =

° In 2020, SuperKEKB aChleVGd the Belle Il Online luminosity Exp: 7-8-10-12-14 - All runs

74 Integrated luminosity
mmm Recorded Weekly

J 7 Jtrecorteqdt =89.9910071 0k

luminosity 2.4 x 103 cm=s~1, which is
higher than KEKB record (and is also
world record).

 But the goal is more than 10 times higher.

ACCELERATORS | NEWS

KEK reclaims luminosity record

30 June 2020

Total integrated luminosity [fb~1]

25
delivered
2.0 e recorded

Total integrated Weekly luminosity [fb~!]

1.5+

T et

T
19/10 19/11 19/12 20/3 20/4 20/5 20/6 20/7

‘ luminosity [x10%* em™2s7!]
o -
o o o
] 1
~]

Plot on 2020/12/18 18:19 |ST
Record breaker The instantaneous luminosity of SuperKEKB measured at 5-minute intervals from

e ety S et s Belle Il accumulated 90 fb~1 (in 2019, 2020)
Still 1/10 of Belle (= 1040 fb~'~ 1 ab~") and
A new record for the highest luminosity at a particle collider has been set by 1/500 Of Be”e Il goal (50 ab_1)

1-3 ab ' in 4 years (?)

SuperKEKB at the KEK laboratory in Tsukuba, Japan. On 15 June, electron—positron
collisions at the 3 km-circumference double-ring collider reached an instantaneous

luminosity of 2.22x1034 cm™ s™ — surpassing the LHC’s record of 2.14x103% cm™s™ set
with proton—proton collisions in 2018. A few days later, SuperKEKB pushed the
luminositv record to 2.4x10% cm?s™. This milestone follows more than two vears of

https://cerncourier.com/a/kek-reclaims-luminosity-record/
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S8t Dark Matter Search at Belle I )=

« Search for Dark Matter (DM) at Belle, Belle I1.
v' CM energy is ~10GeV — mass region up to O(1) GeV (“light DM”)

mediator

/ Z”?l “,
{ Dark Photon? %
- ALP?

Bonus

» A, Z' may explain the discrepancy of (g-2),,
between theory and experiment.

E,;
3
S
3
<
C“'.“-*

 Typical process
v et +e” — SM-particles + Mediator
v B (or other hadron) — SM-particles + Mediator

Dark Matter Symposium
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Super

Invisible Mode D)

Dark Photon A’, SIMP (Strongly Interacting
Massive Particle)...

[Y. Hochberg, E. Kuflik, H. Murayama
JHEPOS5 (2016) 090]

101 T.C (contacl)
10_2 ............................. -
10 3 ;
- 4 =_—/\-~=-.‘-"”_/ menopholon
10 *Foatte a1 {vik o
 Final state: a single photon only. 10-5}
« Bump in a recoil mass or photon 1070 SW}?;W'Fz
ap =1 /4%
energy' 107 e, = 00 MoV
. N.eed épemal single photon 10 55 1'/ n o -
trigger” to collect such events. my GeV

* Not many previous measurements Wide discovery space around 0.5 — 50 GeV
— possible with initial Belle Il data. can be explored by Belle Il (<10GeV)
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Super

Invisible Mode e

"] BaBar experiment (53 fb~")
/ [PRL 119 131804 (2017)]
i v Single photon trigger is

available for 53 out of
550 fb1

 Belle didn’t have a single
photon trigger.

 Better limit is expected at
Belle Il with 20 fb~' (due

................................................................................................... 200 fb—’l
to detector configuration).
10‘4 — ] el NI | . e Need good understanding
1072 10" 1 10  of the detector.
m,. (GeV)
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Super

Leptonic Mode D)=

If m(A') < 2m(y), A decays to SM particles.
ceg.efe > vyA AT (=8, pu, 1)

1072
w
* Best limitin 0.1 — 10 GeV by
BaBar [PRL 113, 201801 (2014)]
1073 dH * Some analyses are going on at
Belle II, but need more data.
v’ Best sensitivity by Belle 1l
within a few years.
« Competition with LHCD.
10~ s

10
m,. (GeV)
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Pt 3% L. - L. Model D)

« Gauging L, - L., difference of the u and t lepton er T X
number, allows additional neutral Z' bOson. g

« Can solve deviation of (g-2),, and other
anomalies seen in flavor physics (B — K®up).

* Production with the final state radiation from a
muon.

e K 5&‘.
Z’ may decay to
e Invisibly: e*e™ — utuZ, Z—yyx
« SM particles:
ete” » puZ, Z'— ptu”

event display (simulation)
forete™ > uruZ, Z'—yy

S. Nishida (KEK) : Ao Dark Matter Symposium
Feb. 6, 2021 BO5: Electron-positron %@%ﬁ@tzr may decay to 16



Super

Z'— invisible =

Z'— invisible : First physics result from Belle 11 !! [PRL124 (2020), 141801]

e 0.276 fb~1 data from Belle Il Phase Il run.
» Phase II: commissioning run in 2018
taken without inner vertex detector.

1o X

e e*e” - pu*tu” + missing energy and search for a oo
bump in recoil mass. ete” — wuZ', Z—yy
Belle I 2018 . Data
10° F ]
i Ldt =276 pb '/
[ 24
10 b ete” — ptu(y) 1
i) - ete” > tr17(y)
% “~= ete” > efe utU” o 102 |
(@) 1 3 1 p E
O F L,-L. (obs.) 90% CL UL
oL —! - Belle Il 2018 8 Ll BFEim=tobs) |
3 » -4 — L,L, expected UL E
g J. Ldr =276 pb™ __ L,~L.. BF(Z—inv)=1 expected UL ]
2 | 7
10 Jii i e MO T T
o 1 2 3 4 5 6 7 8 L L.
Recoil mass [GeV/c?] M, [GeV/cT]
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Super

L— pru” =

L'— pru pt
* 4 lepton final states
« Past search by BaBar
[PRD 94, 0111102 (2016)] _
107 R L

Trident e+e_ - M+H_Z,’ Z’_) H+M_

 g-2 favored region is

107 almost excluded by BaBar.

UL ¢

« Analysis with Belle full data

| _ ] set is going on by Thomas
10° 8 | - Czank. Result will appear
[ . g T soon!
10-1 1 10
m,. (GeV)
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S8t Dark Matter Search at Belle I )=

Target Process Mass Range (GeV) Producti t ete-
[ J

SIMP / Dark Photon (A’) | eTe™ — A’v, A" — invisible ma < 10 ro_ l_’IC lonate’e
SIMP / Dark Photon (4') | eve~ — A, A' = (70— i h- 01 < ma < 10 collision.
Dark gauge boson (Z) ete” = Z'utpnT, 7 = T 0.2 < myz < 10 J Decay of B, D* Y
Dark gauge boson (Z’) ete” — Z'utp~, Z' — invisible myg < 10 mesons. which are
Axion (a) ete” — ya, a — vy meg < 10 | | , d d
A" and Dark Higgs (') etem - AW, A" = 00, b — invisible | mas + myr < 10 argely proauce
Dark Scaler (5) B— KS, S— vy mq < 10 at Belle II.
Light WIMP (¢) B— K¢ (¢ % long-lived) My < 3  Displaced vertex
Dark Photon (A") DV 5 DA AT eTem 0.01 <my < 0.1 (Iong Iived
Dark Photon (A’) Y(25,35) = Y(1S)n 7, rticl

T(1S) = A’y, A" — invisible mar < 10 partic eS)

) [ y Vertex detector

° Many search Processes. i N Drift chamber
* Close discussion with i

/—Calcm‘meter
. | Muon system
/ // 1

T

theorists.

loguﬂ%(m)J

[S.Matsumoto] . |

- Go
A2E ._ abeq:
1077 1072 107" 100 10 107

mg (GeV)
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Super

Summary )<=

* Belle Il experiment started in 2019 is running.
« So far, (only) 90 fb~" of data is accumulated
v" Nevertheless, Belle Il already got physics results for Dark Matter Search.
« Within a few years, Belle Il will have the largest data sample.
v High sensitivity to MeV-GeV scale DM in many models.
« Broad programs to search for DM.

(Trigger Study General (S. Nishida) w
Y. Lai
Theory
Data Analysis (S.Matsumoto)
\ T. Czank, K. Hara, H. Kakuno j
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