
Korea	Univ.	Dept.	of	Physics,	Eunil	Won

BELLE	(II)	
원은일 

고려대학교 

2019년	9월	21일		
전략미팅, 대전 기초과학연구원 본원 과학문화센터

�1



Korea	Univ.	Dept.	of	Physics,	Eunil	Won�2

Belle	실험
Belle:	asymmetric	B	meson	factory,	1999-2010	
Main	physics	goal:	CP	violaJon	을 통한 물질-반물질 비대
칭성 연구

2001 sin2f1 paper, with BaBar
led 2008 Nobel prize in physics

More	than	500	papers	
published	and	sJll	going	on
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Belle	(and	BaBar)	for	10	years	
2001 2009

Precision	physics	in	the	flavor	sector:	impressive	accomplishments	
새로운 물리현상 발견은 아직…
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Physics	Highlights
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R(D(*))

R(D(⇤)) =
B(B ! D(⇤)⌧ ⌫̄⌧ )

B(B ! D(⇤)`⌫̄`)
<latexit sha1_base64="VxO0yagE+WnpLpB075oyTzbJ0H4="></latexit>

Semi-tauonic	decay	modes	are	
highly	sensi4ve	to	new	physics	
(ex)	charged	higgs)
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Tension	in|Vub|	&	|Vcb|
Inclusive	measurements	of	both	|Vub|	and	|Vcb|	yields	higher	values	than	
from	exclusive	measurements
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Belle	&	Us
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Belle	실험과 한국 그룹
한국	벨	그룹:	45인	(교수+포닥+대학원생)	
열량계	건설	
열량계	트리거	하드웨어	제작+cluster	logics	(both	on/offline)

Silicon	sensor,	electron	ID,	Jme	of	flight	detector	일부	참여	
DST	producJon/DAQ	construcJon	참여	
2019년	현재	총	박사	배출	실적:	29인
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Belle	실험과 한국 그룹
500	편이 넘는 논문에서 한국 그룹은 약	40	편 정도 주저자/교신저자	
S.	Olsen	and	S.	K.	Choi:	the	historic	X(3872)	paper	

Most	sited	paper	in	Belle:	S.	K.	Choi	won	Hoam	Prize	in	2017

B.	R.	Ko	and	E.	Won:	D0	mixing	in	e+e-	for	the	first	Jme.

Leadership:	Y.	J.	Kwon:	Spokesperson	2018-2020
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SuperKEKB/Belle	II
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Physics	Programs	at	Belle	II
Look	for	new	physics	through	various	decays	

b	—>	s	transi4ons:	expected	to	be	small	in	SM	
Direct	CPV	in	B	—>	Kπ	(b—>s	penguin	contribute)	
B—>τν	
|Vub|,	|Vcb|	
B—>D(*)τν	
New	CPV	in	the	quark	sector?	
FCNC	beyond	SM?	
LFV?	
Dark	sector	par4cle?	
XYZ-like	par4cle?  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Belle	II	CollaboraJon
Belle	II:	947	researchers	

from	26	countries.
330	graduate	students	in	the	collaboraJon.

1. Germany	191	
2. Japan							165	
3. US													118	
4. Italy												79	
5. China									50	
6. India										47	
7. Korea									46	
8. Russia								42	
9. Australia				32
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SuperKEKB
The	first	new	collider	since	LHC.

Phase	1:	background,	
opJcs	commissioning	
(2016)

Phase	2:	pilot	run,	
superconducJng	final	
focus	
First	collision	(0.5	m-1)	
(April-July	2018)

Phase	3:	Physics	run	
(March-June	2019)



Korea	Univ.	Dept.	of	Physics,	Eunil	Won�14

SuperKEKB/Belle	II	Luminosity	projecJon
KEKB/Belle	recorded	~1	ab-1	of	data.

Beam	currents	only	a	
factor	of	two	higher

“nano-beams”	are	the	
key	(verJcal	50	nm)

Target	instantaneous	luminosity:	8	x	1035	cm-2	s-1.	and	it	will	bring	60	
ab-1	by	2027.
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electrons (7 GeV)

positrons (4 GeV)

KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)

Scintillator + WLSF + SiPM’s (end-caps , inner 2 

barrel layers)

Particle Identification 

TOP detector system (barrel)

Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber

He(50%):C2H6(50%), small cells, long lever 

arm,  fast electronics (Core element)

EM Calorimeter:

CsI(Tl), waveform sampling (barrel+ endcap)

Vertex Detector

2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe

2cm diameter

Belle II Detector 

BEAST (Background 
commissioning detector)
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2019:	first	collision	with	pixel	detector
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2019:	first	collision	with	pixel	detector
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Spring	2019:	physics	run

Lpeak	~	5.5	
x1033/cm2/s)

Linac	fire	
incident
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Photons
e+e� ! µ+µ��

<latexit sha1_base64="c8S/P0OzjWtk9C1CMgy0PokoW5s=">AAACDnicbVDJSgNBEO2JW4xb1KOXxhAQgmEmCnoMevEYwSyQjZpOJWnSPTN09ygh5Au8+CtePCji1bM3/8bOctDEB1U83quiu54fCa6N6347iZXVtfWN5GZqa3tndy+9f1DRYawYllkoQlXzQaPgAZYNNwJrkUKQvsCqP7ie+NV7VJqHwZ0ZRtiU0At4lzMwVmqns9jKUWyd0obivb4BpcIH2pBxKzdpVu6BlNBOZ9y8OwVdJt6cZMgcpXb6q9EJWSwxMEyA1nXPjUxzBMpwJnCcasQaI2AD6GHd0gAk6uZoes6YZq3Sod1Q2QoMnaq/N0YgtR5K305KMH296E3E/7x6bLqXzREPothgwGYPdWNBTUgn2dAOV8iMGFoCTHH7V8r6oIAZm2DKhuAtnrxMKoW8d5Yv3J5nilfzOJLkiByTE+KRC1IkN6REyoSRR/JMXsmb8+S8OO/Ox2w04cx3DskfOJ8/Y82bEw==</latexit>

⇡0 ! ��
<latexit sha1_base64="yBbHVfQvZ82VJ39DBsmVJnylHic=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoKEowVLIxFog+pCdWN66RW7SSyHVBVdWThV1gYQIiVT2Djb3DbDNBypKt7dM69su8JUs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbASjKWUwbmmlO26mkIAJOW8HgauK37qlULIlv9TClvoAoZiEjoI3UtQ+9lN052JMs6muQMnnAXgRCQN66dtmpOFPgReLmpIxy1Lv2l9dLSCZorAkHpTquk2p/BFIzwum45GWKpkAGENGOoTEIqvzR9JAxPjZKD4eJNBVrPFV/b4xAKDUUgZkUoPtq3puI/3mdTIcX/ojFaaZpTGYPhRnHOsGTVHCPSUo0HxoCRDLzV0z6IIFok13JhODOn7xImtWKe1qp3pyVa5d5HEV0gI7QCXLROaqha1RHDUTQI3pGr+jNerJerHfrYzZasPKdffQH1ucPJPCZaw==</latexit>

⌘ ! ��
<latexit sha1_base64="O1ae5SYBTiBNP3DFvwa8mzkAkrc=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe6ioGXQxjKC+YBcCHObTbJk9+7YnVNCSGfjX7GxUMTWv2Dnv3GTXKGJD4Z5vDfD7rwwkcKg5307S8srq2vruY385tb2zq67t18zcaoZr7JYxroRguFSRLyKAiVvJJqDCiWvh4PriV+/59qIOLrDYcJbCnqR6AoGaKW2exRwBBpo0esjaB0/0KAHSkHW2m7BK3pT0EXiZ6RAMlTa7lfQiVmqeIRMgjFN30uwNQKNgkk+zgep4QmwAfR409IIFDet0fSOMT2xSod2Y20rQjpVf2+MQBkzVKGdVIB9M+9NxP+8Zordy9ZIREmKPGKzh7qppBjTSSi0IzRnKIeWANPC/pWyPmhgaKPL2xD8+ZMXSa1U9M+KpdvzQvkqiyNHDskxOSU+uSBlckMqpEoYeSTP5JW8OU/Oi/PufMxGl5xs54D8gfP5A7VAmTQ=</latexit>
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Charm	mesonsD⇤+ ! D0⇡+
<latexit sha1_base64="W/dW1sPGLn+vui8cYmru7c9aM5w=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBLJSZKuiyaBcuK9gHdKYlk6ZtaCYZkoxShm7c+CtuXCji1n9w59+YtrPQ1gMXDufcy733BBGjSjvOt5VZWl5ZXcuu5zY2t7Z37N29uhKxxKSGBROyGSBFGOWkpqlmpBlJgsKAkUYwvJ74jXsiFRX8To8i4oeoz2mPYqSN1LEPK+3ktDCGnqT9gUZSigdYaTvQi2i70LHzTtGZAi4SNyV5kKLasb+8rsBxSLjGDCnVcp1I+wmSmmJGxjkvViRCeIj6pGUoRyFRfjL9YgyPjdKFPSFNcQ2n6u+JBIVKjcLAdIZID9S8NxH/81qx7l36CeVRrAnHs0W9mEEt4CQS2KWSYM1GhiAsqbkV4gGSCGsTXM6E4M6/vEjqpaJ7VizdnufLV2kcWXAAjsAJcMEFKIMbUAU1gMEjeAav4M16sl6sd+tj1pqx0pl98AfW5w+BVJdL</latexit>
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Beauty	mesons
�E = Ecm/2� Erecon

<latexit sha1_base64="06T0abA7ozXZ4atQOxmmm/lKvzA=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgxjpTBd0IRS24rGAf0A5DJk3b0EwyJBmhDLNz46+4caGIW3/BnX9j2s5CWw8EDufcy805QcSo0o7zbeUWFpeWV/KrhbX1jc0te3unoUQsMaljwYRsBUgRRjmpa6oZaUWSoDBgpBkMr8d+84FIRQW/16OIeCHqc9qjGGkj+fZ+54YwjWAVXsKqn+AwPSnDY8MkwYKnvl10Ss4EcJ64GSmCDDXf/up0BY5DwjVmSKm260TaS5DUFDOSFjqxIhHCQ9QnbUM5ConykkmOFB4apQt7QprHNZyovzcSFCo1CgMzGSI9ULPeWPzPa8e6d+EllEexJhxPD/ViBrWA41Jgl5q4mo0MQVhS81eIB0girE11BVOCOxt5njTKJfe0VL47K1ausjryYA8cgCPggnNQAbegBuoAg0fwDF7Bm/VkvVjv1sd0NGdlO7vgD6zPH30wl9A=</latexit>

Mbc =
p

(Ecm/2)2 � p2recon
<latexit sha1_base64="JeuLg6Rl/cAkcEJcHfF8AJaATDo=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoC2sSBd0IRRHcCBXsA9o0TKbTduhkEmcmQgn5BTf+ihsXirh1586/cdpmodUDA4dz7uXOOX7EqFSW9WXk5uYXFpfyy4WV1bX1DXNzqy7DWGBSwyELRdNHkjDKSU1RxUgzEgQFPiMNf3gx9hv3REga8ls1iogboD6nPYqR0pJnlq69xMcpPINteSdUUrr0Ehykh85+xzmIOo6XCIJDnqaeWbTK1gTwL7EzUgQZqp752e6GOA4IV5ghKVu2FSk3QUJRzEhaaMeSRAgPUZ+0NOUoINJNJolSuKeVLuyFQj+u4ET9uZGgQMpR4OvJAKmBnPXG4n9eK1a9UzehPIoV4Xh6qBczqEI4rgd2qc6r2EgThAXVf4V4gATCSpdY0CXYs5H/krpTto/Kzs1xsXKe1ZEHO2AXlIANTkAFXIEqqAEMHsATeAGvxqPxbLwZ79PRnJHtbINfMD6+AQ8enIw=</latexit>

We	have	2200	fully	reconstructed	hadronic	B	decays!

Demonstra4on	of	Belle	II’s	B	physics	capabili4es:	modes	with	neutrals,	
and	Ks	mesons	are	efficiently	reconstructed	along	with	all-charged	final	
states	containing	kaons	and	pions.
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First	physics	@	Belle	II

Dark	sector:	Z’	recoiling	against	
di-muons	or	electron-muon	pair.

No	excess	above	3σ	seen.
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First	physics	@	Belle	II
e+e� ! µ+µ�Z 0, Z 0 ! nothing

<latexit sha1_base64="7zQrVyNauD6E5vStacAVZ8k3bAY="></latexit>
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Belle	II	vs	LHCb
Belle	II:	clean	environment:	
efficient	detec4on	of	
neutrals	(γ,π0,η)

Belle	II:	quantum	correlated	
B0B0	pairs:	flavor	tagging	is	
more	efficient	(34%	vs	3%)

Belle	II:	full	reconstruc4on:	
b—>u	transi4on	

LHCb:	large	X-sec4on
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Belle	II	&	Us
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Belle	II	실험과 한국 그룹
한국	벨	II	그룹:	46인	(교수+포닥+대학원생)	
열량계	트리거	하드웨어	제작	
3차원	전하입자	궤적	트리거	firmware	development

Belle	II	data	handling	system	using	AMGA	(KISTI)	
Silicon	sensor	assembly	
DAQ	construcJon	
Data	producJon	and	Geant4	validaJon
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Belle	II	실험:	M&O	(*)
벨	II	실험에서는	실험	운영을	위한	분담금	요구	(Maintenance	and	Opera4on)

M&O	Status	
	-	FY2013:				455,050	yen	paid.	
	-	FY2014:	2,654,300	yen	paid.	
	-	FY2015:	1,706,200	yen	paid.	
	-	FY2016:	4,485,900	yen	paid.	
	-	FY2017:	5,059,200	yen	paid.	
	-	FY2018:	6,300,000	yen	paid.	
	-	FY2019	
	-	FY2020	
	-	FY2021

대형시설활용사업:	2016-2018

한-Jparc사업:	2013-2015

대형시설활용사업:	2019-2021

(*) 한-CERN 사업: 관측기 사용료 
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Belle	II	실험: 예산 (*)
예상되는 1 년 한국 벨2 운영 경비 

 - 7천만원 (M&O) 

 - 여비: Belle II shift/Collaboration meeting/Conference  

    단기 1인 200 만원 x 30 회 = 6천만원 

    장기 1인 2000 만원 (6개월) x 5 인 = 1억원 

 - 인건비 

    포닥 5천만원 x 4 인 x 1년 = 2억원 

    대학원생 1400 만원 x 15인 x 1년 = 2억 1천만원 

 - 트리거 업그레이드: 2억원/년 

총 8억 4천만원/년

(*) 컴퓨팅 자원 및 네트워크 자원은 KISTI 를 통하여 별도로 얻음.
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건의사항

최근 10여년 동안 국내 교수충원은 LHC 실험 분야가 대부분 

벨2 실험에서 한국그룹의 지속적 기여을 위한 경입자 충돌 분야 충원 필요
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감사합니다.


