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Building for Discovery

tegic Plan for U.S. Particle Physics in the Global Context
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PS5 report
Executive Summary

Particle physics explores the fundamental constituents of mat-
ter and energy. It reveals the profound connections underlying
everything we see, including the smallest and the largest struc-
tures in the Universe. The field is highly successful. Investments
have been rewarded recently with discoveries of the heaviest
elementary particle (the top quark), the tiny masses of neutri-
nos, the accelerated expansion of the Universe, and the Higgs
boson. Current opportunities will exploit these and other dis-

coveries|to push the frontiers of science into new territory at

the highest energies and earliest times imaginable. For all these

reasons, research in particle physics inspires young people to
engage with science.




What is Future Plan?
/AR

Before May 22, 2014 After May 22, 2014

(~20 years from now)

o Energy Frontier o Higgs Boson
o Intensity Frontier o Neutrino Mass
o Cosmic Frontier o Dark Matter

o Dark Energy
o Explore the unknown

D

The Particle Physics Project Prioritization Panel’s report,
released today, recommends a strategic path forward for US
particle physics, reports Kathryn Jepsen in symmetry
magazine.




Frontiers vs. Sciences
Higgs Dark The
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#The Cosmic Frontier: Quarks to Cosmos -
Dark Matter
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Dark Matter
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Properties of Dark Matter

No EM wave
Weakly interaction
Cold

Non-Baryon (5 times of Baryon)

Gravitational Galaxy clusters Big Bang

Microwave Supernovae Ia

backeround lensing nucleosmthesm

NN /S

Approximately a quarter of our Universe is
composed of non-baryonic, cold dark matter




Dark Matter Search
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Simulation

Large-scale MC simulation is crucial for relating experimentally
measured variables to the parameters of the underlying theory
~ 600 million/second events rate at LHC (15PB data/year)

what we might see at the LHC how we understand it
Higgs event
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Cross-section for Dark Matter

H. Baer et al. / Physics Reports 555 (2015) 1-60
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o (nb)

proton - (anti)proto

Dark Matter Search
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events / sec for £= 10" cm

| = production rate: to be calculated §

% Supersymmetry

¢ Extra-dimensions

¢ Grand-Unified Theories
% etc.

| 4 Cross sections = production rate
% | possible new physics event (if any)
< 1.000 Higgs events

.*This is where any new phenomenon would hide

<+ 1.000.000.000.000 Standard Model events |
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To find signal

* To find a needle in the hay
* All hope is not a loss if our needle is VERY BIG!

» - ’ r ‘ -
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The MadGraph homepage \/
UCL UIUC Launchpad
by the MG/ME Development team T
My  Cluster  Down l d Bug
Process Register Tools Database Status (needs account) Wiki Answers reports

Generate processes online using MadGraph 5 U e Process creation

80 100
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[} = Detector simulation
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Evolving Architecture
for Beyond Standard Model

Beyond Standard Model
(Dark Matter)

Simulation R&D
(MadGraph, Geant4, etc.)

Evolving Architecture
(Extreme Scale, Parallel Computing, etc.)
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Dark Matter
at e+e- Collider



Why Dark Matter?

« Dark Matter is an evidence of BSM Physics.
* |ts mass is not well constrained.

 \Weak-scale DM has lots of attention:
— Weak-scale, masses, couplings = correct abundance

— Glood candidates in models designed to understand the weak sc
ale

— Huge experimental efforts (direct detection, LHC, ...)
« Up to now, not too much new physics at the LHC

« Maybe dark matter is not connected to the weak scale, o
r could be part of a complicated sector with a number of
scales (as the visible sector is)

= \We must look everywhere we can do for DM.



Dark Matter at fixed
target experiments

« Recently 6 fixed target experiments have been approved.
« Will cover region between 1MeV/c*~1GeV/c?.

» Predicted sensitivity

10%¢ » VEPP3/Russia (new setup), e + p — vA
F »  APEX/USA-JLAB (new setup), e~ + nucleus — A
10_5_ > HPS/USA-JLAB, e~ + nucleus —+ vA
g » DarkLight/USA-JLAB (new setup), e~ + H — ~vA
s . ,'; > A1-MAMI/Germany, e~ + nucleus — YA
107 . ’ » MESA/Germany (new accelerator and setup),
_E - e~ + nucleus —+ vA
s 107
Ly A not necessarily prompt
o
w mpt limit
10° e
HPS/prompt
wun HPS/non-prompt
of s ATMAMI
10° - WESA -
»» VEPP3 Eassig, et al, JHEP 11, 167 (2013).

== DarkLight/prompt

DarkLight/non-prompt

= BaBar/non-prompt

. ; == Selle llinon-prompt

IR IR R B S B WAt L1

102 10° 104
m, [MeV/c?]

« All experiments use prompt decays & A — I*I-
« HPS & DarkLight use displacement decays, too.
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Dark Matter at e+e- collider

Fixed CM energy

Sensitive to light DM: a few MeV/c? ~ 5GeV/c?
Relatively free from unitarity or validity of EFT
Clean signal and low background

Both prompt decay and displacement decay



e+e- collider

Enormous increases in luminosity over last few decays.
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e+e- collider experiments

KLOE

BaBar

Belle

Belle Il
ILC

10.58

10.58

10.58
~500

2001~

1999~2008

1999~2010

2017~
2025~

INFN, Italy

SLAC, USA

KEK, Japan

KEK, Japan

Japan??
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Nomenclature

* Dark photon
— Heavy photon
— Dark force
— Light dark gauge boson

=A' = A=A, = U-boson
* Dark higgs
-h’'=h® =Hj ...

 Kinetic mixing €2 = k% =% = o'/




» Dark sector constant
—op = o =gp? l4n

» Dark sector
— Hidden sector
— Secluded sector



Dark Sector

Quarks

Leptons

Q C

D <

Standard Model

.—>

8 gluons

W+ W-Z0 H

A5 y-Z%mixing

v

T

A

—> v-A'mixing

(..

)

A h’

Dark Sector




Dark Sector (y-A' mixing)

€
our photon /y '\/\/X\/\, A/ “heavy photon”

€ = mixing strength

Visible Hidden

Eassig (2012)
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Dark Sector

1. Dark Matter
2. Dark photon
3. Higgs-strahlung



1. Dark Matter (1/3)

A’ decay to DM

Eassig, et al, JHEP 11, 167 (2013).

AI MN\< X Eassig, ArXiv: 1309.5084 [hep-ph]

¥
Neutral under SU(3)XSU(2)XU(1)

€ ’/\l)

* Two body decay * Upsilon depay

€ s

AV AVAVAVAYAYAYAY AW
VVVUVVVV VIV Y

J
(VAVAVAVAVAVAVAVAVAV

.....



1. Dark Matter (2/3)

 The plane of m_ — »wjth different characteristic single ph
oton and missing E; signals

« A mediator

M, Off-shell heavy mediator
(a)

Invisible and on-shdll

shell mediator

2Me b=
(b2)

L -

Eassig, et al, JHEP 11, 167 (2013).



1. Dark Matter (3/3)

* A decays to dark matter on-shell or off-shell with
different gamma spectrum
— Radiative production in e+e- collision

— Only one photon in the final state with
E =(s-M2%)/2Vs

« Requires high single photon trigger
— Not available in Belle,

— The BaBar implemented a single photon trigger (arXiv
e: 0808.0017[hep-ex])

— On-going discussions for Belle |l



2. Dark Photon (1/2)

A’ can decay directly to Standard Model

-
A, \A/V< (A" — hidden sector also possible)

g+

1.0+

rre—ra——— -~ ArXiv: 0903.0363 [hep-ph]
0.0 0.2 04 0.6 0.8 1.0

Broad array of searches needed and underway
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2. Dark Photon (2/2)

Produce A’ in e*e" collisions

Batell, Pospelov,Ritz

RE, Schuster, Toro

Reece, Wang
Borodatchenkova et.al
e_ Faye
\ Y
NI
™
™J
2
€
O X
E?
cm

€ e

want low-energy (1-10 GeV), high intensity

colliders (BaBar, BELLE, KLOE, ...

Eassig (2012)

36



ArXiv: 0903.0363 [hep-ph]

3. Higgs-Strahlung

o
o
.

.
*.
.,

I", hadron
[ )

I, hadron

1", hadron
™ T, hadron
.|, hadron *
" 1", hadron

h’ decays depending on M, and
My .

To measure the coupling consta
nt of the dark photon to the dark

higgs, ap
1) M, > 2M, : h" — A'/A’, very low backgro
und
+ Exclusive: 3 charged track pairs with same in
variant mass and total energy of event

* Inclusive: 2 charged track pairs, same invaria
nt mass, third A from 4 mom. of e+e- system

2) My <M, <2M,: h" — AA™
3) M, <M, : h'long-lived and h" — I*I, Tr*
-
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Search for Dark Matter
at e+e- collider
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e+e- Collider Experiments

W Dark Matter Dark photon ngg-Strahqun Heavy flavor le
pton

1. KLOE » 2 charged lept  uu+ missing E(
on+one photon  h’)
2 charged lept

on +n
2. BaBar one photon + mi 2 charge tracks + 3 charged trac
ssing E; + one photon K pairs
* 4 or more char
ged tracks
3. Belle 2 charge track + 3 charged track « Two lepton pai
one photon pairs rs
* A lepton pairs
+ missing E;
4. Belle Il one photon + mi 2 Charge Track 3 charged track « Two lepton pai
ssing E; one photon pairs rs

* A lepton pairs
+ missing E;



1. KLOE Experiment

Energy [GeV] 051
Trajectory length [m] 97.69

RF frequency [MHz]| 368.26
Harmonic number 120
Damping time, T,/T, [ms] 178/36.0
Bunch length at 0 current [em] 1.0
Bunch length at full current [em| 2.5
Beam currents e-/e+ [ Amps] 1.7/1.3
Number of colliding bunches 107
Beta functions /By [m] 1.6/0.017
Emittance, € [mmemrad] (KLOE) 0.34
Emittance ratio at 0 current [ %] 0.25
Emittance ratio at full current %l 0.60

e- Tunes Qx/Qy 0.001/0.1660
et Tunes Qx/Qy 0.1090/0.1910

BR'’s for selected
¢ decays

K*K- 49.1%

* beams cross at an angle of 12.5 mrad
* LAB momentum p, ~ 13 MeV/c KsKi 34.1%

pr +mtna® | 15.5%

« Physics Program

- Kaon physics, Spectroscopy, hadron cross-section, yy physics, Dark secti)or



Dark Photon (1/2)

* Dark Photon (ne*e’)
¢ — 77A/ A5 eTe™ N — rtar— 70

» Dark photon (e*e-y & u*uy)

ArXiv: 1501.05517 [hep-ex]
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Higgs-Strahlung

p€

* uu+ missing E4(h’)

Case 3) M, < M,

- h’ long-lived invisible
invisible

e’ h’

ArXiv: 1501.05517 [hep-ex]

© m, =55 MeV
O m = 100 MeV
v my =205 MeV

@ m, =430 MeV

P IS S IR A S SR R SR T T R S S
200 400 600 800 1000
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N
L [
o \ /
L b
L \/,‘
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A m =900 MeV
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Vi
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2. BaBar Experiment

| BaBAR collected ~ 533 fb~" of e*e™ collisions around the Y(4S) in 1999-2008 \

As of 2008/04/11 00:00
BABAR detector 16T
superconducting
y solénoid
BaBar DIRC(PID) i Emc

un - 144 quartz bars L 6580 CsI(TI) crystals

500 PEP Il Delivered LUminOsity: 553.48/1b  ---r-orromreorsoons oo 11000 PMs - < '

BaBar Recorded Luminosity: 531.43/fb - i § //

BaBar Recorded Y(4s): 432.89/fb - - _0) 1 i

BaBar Recorded Y(3s): 30.23/1b i — A - | e+(3.1 GeV)

. i o g ik
BaBar Recorded Y(2s): 14.45/1b = -

Off Peak Luminosity: 53.85/fb

Integrated Luminosity [fb™]

400  YtPeakbuminosity:5.831b Y ( 4 S )
—_— gulnmd Luminosity -1 L .
ecarced Lumroshy _ _ : etz >
ecotes urmrosty Y 4 e (9 GeV ; . ~ST——|  Drift Chamber
300k feeomeumesy YOl o - > ) 40 layers
e
= iy v
e
200 - \

Silicon Vertex Tracker

Instrumented Flux Return 5 avors, double sided stris

RPCs [ LSTs (muon / neutral hadrons)

100k — e

data samples
6
LA ~470-10°  Y(4S)

P S S A ~120-10%  Y(39)
~100-10%  Y(2S)

i]lllllllllll

44

A. Lusiani (2014)



Dark Matter (1/2)

Y(3S) » yA?, A - invisible arXiv:0808.0017 [hep-ex]

90% CL upper limits on Dark Photon constraints by R.Essig et al.
B(Y(3S) —» yAO) X B(A° — invisible) JHEP 1311 (2013) 167 (2013)
< (0.7 — 31) x 1076 for mo < 7.8 GeV Hidden Photon - invisible (my > 2 m,)
- 1072 I
& _'I""I""I""I""I""I""""I""I_ l'
g L BAB4R """ Stat errors only | i
— Preliminary — Stat @ Syst errors
L: B .
§10_— T R ;
S F -3 L i mprove
5 1 10 “-/ ! N\\I ' ;eue no|s
i 1 ‘| H ‘\ Converted ]
L 3 £ . Mono—photon
- Q) dae ‘I l' \\‘ ," ’\ ]\ Y 'h-(ilﬂ-._,.
= v K-7A'
F T ORKA Belle II
- 1 0—4 C VEPP-3 Standard i
Belle 11
Low-E,
LLSND
ap=0.1
+ - ' ' -~ -5
e e e}/A (A %)()() 10 el
0.001 0.01 0.1 1 10
my [GeV]

A. Lusiani (2014)



Dark Matter (2/2)

Y(2S) - 7t~ Y(1S), Y(1S) —» yA®, A° - invisible PRL 107 021804 (2011)

90% CL upper limits on B(Y(1S) — yAO) X B(A0 — invisible)
< (1.9-4.5) x 10~ for mpuo < 8.0 GeV
< (2.7-37) x 10~ for myo < 9.2 GeV

(-
o}

|||l|||
IIIlII|

BF UL @ 90% C.L. (10°)

A. Lusiani (2014)



Dark Photon

Search for e*e™ - Y(2S,3S) » 7*77Y(1S), Y(1S) » yA?, A° - u*u-

|2—3 times better than previous 2009 analysis for m,o < 1.2 GeV/c2|

90% CL upper limits on f2 B(A0 — 't )

102 i_ —Y(2S aS)en T Y(lS) Y(lS)—>yA A—>p u ;
© = Y(2S.38) sy A% A S | ‘;
> L Wf |
= | l H‘ W l, -
e — gt M Wy ]
1* e A i N
— E both analyses combined f
e 10g -
a - e
=) - ]
¥ 1 | =
- BABAR -

0 I 2 3 4 5 6 7 8 9

m,, (GeV/c?)

|PRD 87, 031102(R) (2013), arXiv:1210.0287|
A7

A. Lusiani (2014)




Higgs-Strahlung

‘ Search for Dark Higgs Boson in BABAR, upper limits PRL 108 (2012) 2118 |

¢ 90% CL limits on o(e¥e™ — WA’ h — A’A)
as function of i and A’ masses
» conservative approach, no BKG subtraction

¢ convert into limits on ape?

(ap = QZD/4JT, gp = the dark sector gauge coupling)

Cross section upper limit (ab)

10
m,. (GeV)

NAQ

A. Lusiani (2014)



3. Belle Experiment

-_———.

diam. = ~1km %

—




Belle Detector

SC solenoid
15T —_

~_
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PRL 114, 211801 (2015) PHYSICAL REVIEW LETTERS

Search for the Dark Photon and the Dark Higgs Boson at Belle

I Jaegle,” I. Adachi,"*'" H. Aihara, S. Al Said,*” D. M. Asner,” T. Aushev,”* R. Ayad,’” A. M. Bakich,” V. Bansal,*
M. Barrett,” B. Bhuvan,'® A. Bozek,*' M. Bracko,”"* T. E. Browder,"” D. Cervenkov,* M.-C. Chang,” B. G. Cheon,"
K. Chilikin,"] K. Cho.”| V. Chobanova,” S.-K. Choi,"" Y. Choi,* D. Cinabro,” J. Dalseno,’** Z. Dolezal,* Z. Drésal,’
A. Drutskoy,™ D. Dutta,'® S. Eidelman,’ D. Epifanov,55 H. Farhat,”® J. E. Fast,” T. Ferber,® O. Frost.” V. Gaur,”’
N. Gabyshev,’ S. Ganguly,”” A. Garmash,” D. Getzkow,’ R. Gillard,” Y.M. Goh,"* B. Golob,’"** O. Grzymkowska,”
K. Hayasaka,37 H. Hayashii,38 X.H.He,” M. Hedges,13 W.-S. Hou,* T. Iijima,”'36 K. Inami,*® A. Ishikawa,™ Y. Iwasaki,"*
T. Julius,” K. H. Kang,” E. Kato,”* T. Kawasaki,” D. Y. Kim,*’ J. B. Kim,”” J.H. Kim,” S. H. Kim,"> K. Kinoshita,’
B.R. Ko.”” P. Kody3,* S. Korpar,”"* P. Krizan,*** P. Krokovny,” A. Kuzmin,® Y.-J. Kwon,” J.S. Lange.® I S. Lee,"”
P. Lewis,” L. Li Gioi,”> J. Libby,"” D. Liventsev,'* D. Matvienko,” H. Miyata,** R. Mizuk,”** G. B. Mohanty,”’
A. Moll,*** R. Mussa,”' E. Nakano,” M. Nakao,'"*'” N.K. Nisar,”' S. Nishida,'*'’ S. Ogawa,” P. Pakhlov,”**
G. Pakhlova,” H. Park,”® T. K. Pedlar,’” L. Peséntez,” M. Petri¢,” L. E. Piilonen,*® M. Ritter,’” A. Rostomyan,’
Y. Sakai,'*'’ S. Sandilya,”’ L. Santelj,'* T. Sanuki,”* Y. Sato,*® V. Savinov,*® O. Schneider,”® G. Schnell,"" C. Schwanda, "’
D. Semmler,” K. Senyo,” O. Seon,* I. Seong," M. E. Sevior,”® V. Shebalin,” T.-A. Shibata, J.-G. Shiu,*’ B. Shwartz,’
E. Simon,***? R. Sinha,”® Y.-S. Sohn,®" M. Stari&,”> M. Sumihama,” K. Sumisawa,'*'’ U. Tamponi,””’ G. Tatishvili,*
Y. Teramoto,* F. Thorne," M. Uchida,*® S. Uehara,'*'° Y. Unno,'? S. Uno,"*'" S. E. Vahsen," C. Van Hulse,’
P. Vanhoefer,”” G. Varner,”® A. Vinokurova,” M. N. Wagner,8 C.H. Wang,39 M.-Z. Wang,m P. Wang,18 X. L. Wang,58
M. Watanabe,*” Y. Watanabe,” K. M. Williams,”™ E. Won,”” J. Yamaoka,* S. Yashchenko,® Y. Yook.*' Y. Yusa,*
V. Zhilich,® V. Zhulanov,® and A. Zupanc23

(Belle Collaboration)

'University of the Basque Country UPV/EHU, 48080 Bilbao
\ ZUni\r'ersiry of Bonn, 53115 Bonn
“Budker Institute of Nuclear Physics SB RAS and Novosibirsk State University, Novosibirsk 630090
*Faculty of Mathematics and Physics, Charles University, 121 16 Prague
SUniversiry of Cincinnati, Cincinnati, Ohio 45221
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7Departmem of Physics, Fu Jen Catholic University, Taipei 24205
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Gifu University, Gifu 501-1193
“The Graduate University for Advanced Studies, Hayama 240-0193
”Gyeongsang National University, Chinju 660-701
Py vane University. Seoul 133-701
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Higgs-Strahlung (1/3)

« Dark Matter
— Invisible final state e'e” —=yA', A'— yx
— No Trigger at Belle (cf. BaBar has the trigger)
=> Search for Dark photon and Dark higgs at Belle
« Higgs-Strahlung
— Case 1) M,, > 2M,, : h’ —» AA,
— Prompt of i and A
— 10 exclusive channels: 3(I*I), 2(I*I")(tr+1-), 2(1T+7171-)(I*) With |=e,u
— 3 inclusive channels: 2(I*I)X with X dark photon (Missing mass)

~I", hadron
+ N
e % I, hadron
SR
%, T, hadron

h'™, ™ I, hadron
I, hadron

A" "I’ hadron



Dark higgs
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Higgs-Starahlung (2/3)

Dark photon

TABLE L.
are applied.

- ID>

</[O

OELLE

Number of events observed after all selection criteria

Final state Events Final state Events
3(eet) 1 2(utu)(ete) 1
3(p ) 2 2uu" ) (" aT) |
3(xta7) 147 2zt )(ete) 5
2ete ) (utu) 7 27 7 ) (utum) 6
2ete”)(ntm) 2 (ete™ ) (utu ) (ntn) 7
2(eTe™)X 572 e ) (utpu)X 30
2utum)X 20

« Background vs. number
of events observed

— BG: SM 2y processes with
p or o final state

— Discontinuity at 1.1GeV du
e to selection criteria
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Higgs-Strahlung (3/

« Dark photon and Dark higgs distributions
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401 40 —m, = 3(4)
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201 20, =
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© [ 107
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Dark Photon

« Dark photon decays SM particles.

b 4
o
A'=e e, w, T ~
M ,=0.1-10GeV/c’ " P
M/A,:1]<e\/'/c2 A e
ct=1, 5, 10 cm 4 ~mm—cm 1»',“',3'

Displaced vertex

* To call a “long-lived gauge boson” instead of dark photon
« Same analysis for Higgs-Strahlung
=> Work on progress

Gianluca Inguglia (2015)



A couples only to

D

L[O

heavy-flavor leptons

e'e —=["]"A
* fMy>2M, A-u'u
¢ 1F My <M,

6

diagram 1 QCD=0, QED=4 diagram 2

diagram 3 QCD=0, QED=4 diagram 4

=> work on progress at Belle

A — oF sterile neutrinos

QCD=0, QED=4

QCD=0, QED=4

« Brian Shuv and ltai Yavin (arXive: 1403.2727[hep-ph])

102

\

—
<
2
|
|
|
\
\
1
\

10°¢

103 10-2 101 i
My (GeV)

FIG. 3. A contour plot of the sterile neutrino abundance
in the M_, — ¢’ plane. Shown are the contours correspond-
ing to the observed DM relic sbundance, You = 4.7 x
10~*(keV /m.), for different values of the sterile neutrino mass
m,. The mixing angle for each m, is at the upper bound al-

lowed by X-ray constraints [8]: sin28p = 8 x 10 & (my =7.1
keV), 2.2 x 10°° (my = 30 keV), 3.5 x 10~% (ms = 50 keV)
5% 1077 (ms = 100 keV). The solid-red curve depicts the 5o
bound muon g — 2 [45], and the dashed pink curve shows the
coupling that best fits the muon g — 2 anomaly. The vertical
dashed curve corresponds to M,, = 2.0 MeV coming from
bounds on extra relativistic species in the early universe [17].
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cf.

ATLAS, 38 countries, 177 institutes, ~3000 members
CMS: 42 countries, 182 institutes, 4300 members
ALICE : 36 countries, 131 institutes, 1200 members
LHCb: 16 countries, 67 institues, 1060 members

Nort
Pacific

23 countries/region T
99 institutes !
621 colleagues {
‘ as of Nov 28,2014
Asia:~45% N.America Europe:~39%
Japan:141 :~16% Germany : 88
Korea: 36 us: 72 Italy: 61
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Dark Matter

Dark photon decays DM. e'e” —y4',4'— xx
Mono-energetic photon signature
Full luminosity 50 ab-" and 1% trigger fraction

Need a single photon trigger at Belle |l
e e dIVYAIYYY

102
2% ]
10 Belle Il 50 fb™ _
500 fb™' .
5ab’ 7
_ 50 ab™ o
10—4 L IIII L L 1 Ll lIlI 1 L 1 [ | IIII III Eassig, et al, JHEP 11, 167 (2013)'

1l 10! 1 10
mp (GeV) 58



Dark photon (1/3)

Dark photon decays SM particles:
e'e =, A'-¢thadrons

'Y )'
(1)
ele e
' ]
’ “IR wun .t
| e ,u,m,T
A' 2
e,u,x,t .
‘ ' » ~mm=cm e,u,n,T
ele’) A € [
(",_ll‘..'f , T Displaced vertex

» Plot shows lifetime of A as a function of

its mass, my, and €
R. Essig et al, PRD 80 (2009) 015003

A'Decay Length ct
1072 0.1 1,

« To set A limit a few MeV/c2~7G
eV/c?

Displaced (<1 cm
Displaced (>1 cm

Invisible (>100 m)

1072 0.1
my (GeV)

lgal Jaegle (2014)



Dark photon (2/3)

MC simulation of signal signature
— Off-shell e'e” = yyx
— On-shell e*e” —= 4", A4'— xx

e'e” — yA', A eriadrons

» Off-shell case » On-shell case, my = 1 GeV/c?

« * offshel, m =500 MeV/c’, m = 1 GeVic® -
2000} “' *  off-shell, m, = 12 GeVic*, m, = 1 GeVic* i 7‘%,
1 40001 1 4
‘-' i [ 4
> 1500 A > i t
CHE 2 3000[- I
& i * = i i |
=1000f + % o | [ |
£10% Y, £ 2000] f
o) . L4 8 ¢ }
o ., o
500| | e ;‘ , yx‘\: : Pl
X 4 . . 1000 Fo
p i }
! [ . . i . :
0 5 0 "

4
E, [GeV]

6

@ Off-shell signature => broad energy distribution

35
E, [GeV]

lgal Jaegle (2014)

@ On-shell signature => mono-photon, => dark photon with displaced vertex decaying into
leptons not detected by Belle Il will have the same signature
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Dark photon (3/3)

. . + -
- Belle and Belle Il detection efficiency for A'=>u u
0.6" ‘
e'edyAdye e, yu'w, prompt [ ’,M
— T . 7 0_4; ‘.»'"
KLOE o1} U [ . Belle
L + Bellell
0.2r
BABAR I HHI5HH1|O'
m,. [GeV/c?]
R 1_.Belle
I o = 23.5 MeV/c? it
[+ Belle I po
L 6= 14.7 MeV/c3
0.5
10 _ .-'L.:" L L
g (BeY) 89 495 5 505

m,.,- [GeV/c?]
Eassig, et al, JHEP 11, 167 (2013).



Background Study
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el+ el—->vv

« Background Mode
« MC @ Belle/BaBar

— Does not included
* Cross Section check using MadGraph

Feynman Diagrams file:///home/cho/products/MG5_aMC_v2_2 3/bin/e...

page 14
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el+ el—-vvy

Feynman Diagrams file:///f2/cdf/hepkisti.fnal.gov/home/khcho/products/Mad..

Postscript Diagrams for e+ e- > a ve ve~

page 1/t

dagam 1 CCD-0, OED=3 dagam2 OCD-0, OED=3

dagama OCD-0, OED=3 dagam 4 QCD=0, OED=3

dagams CCD-0, QED=3

Diagrarme made by MadGraphs

D

Belle II

5 diagrams
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Summary

* The e+e- collider experiments (KLOE, BaBar,
Belle) contribute to search for light Dark Matt
er particles.

 Belle Il will search for Dark Matter in radiative
decays with the trigger.

« With 50 ab-', Belle || may also cross-check a
ny signals discovered by fixed target experim
ents.



Beyond the Standard Model

Standard Model Particle

= Still going

Dark Matter
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Appendix:
Dark Matter Research Cluster

Title: Dark matter research cluster based on
computational science
Object: To meet researchers between government
institutes (KISTI+KASI)
+ anyone (Universities, Industries, IBS, ...)
Source: NST (=72fet7|=21712], National research
council of Science & Technology)
Fund: 50,000,0000 won/year * 2years
Usage: Just for seminar/workshop and meeting
Date: 2015.9.1~2017.8.31
Status: proposal
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