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❖ Belle II schedule!
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The	Belle	II	experiment
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❖ Legacy	of	B-Factories:	!
❖ BaBar	at	PEP-II	(US)	1999-2008.  

and	Belle	at	KEKB	(Japan),	1998-2010.	!
❖ Precise	measurement	of	CP	violaJon	in	quark	sector.  
❖ Nobel	Prize	2008	to	Kobayashi	and	Maskawa.	

!
❖ Belle	II	is	a	Super-B-Factory,	building	on	the	excellent	accumulated	skill	:		!

❖ Goal:	discovery	of	physics	beyond	the	SM.	!
❖ Search	for	quantum	manifestaJon	of	New	Physics:	  
sensiJve	to	higher	masses	than	direct	searches	at	LHC.
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The	intensity	fron4er
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❖ How	to	search	for	quantum	manifestaJon	of	New	Physics:	!
❖ Compare	very	precise	measurement	to	very	precise	theoreJcal	predicJon.	!
❖ Experimental	precision:	staJsJcal	and	systemaJcal	uncertainty:		

❖ e+e-	collisions:	known	iniJal	state	governed	by	QED,	clean	final	state	➛	good	for	syst.	
❖ Current	data-sample	×50	➛	good	for	stat.  

Needs	a	breakthrough	in	accelerator	physics:	SuperKEKB	is	the	first	collider	of	nano-beams	
(P.	Raimundi,	2007).

Current	luminosity	world	record	(KEKB):	
2.1×1034	cm-2	s-1	!

Beam	transverse	size:	~	1	µm

SuperKEKB	targeted	luminosity	is	
40	×	the	world	record:	

0.8×1036	cm-2	s-1	!
Beam	transverse	size:	~	50	nm



The	SuperKEKB	collider
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LHC

SuperKEKB

e+	-	4	GeV	-	3.6	A	

e-	-	7	GeV	-	2.6	A	

beam	crossing	
angle	83	mrad

ver4cal	beam	size	
σy*	~	50	nm

3	km	ring

e+ e-X
Belle	II

KEK	laboratory	
(60	km	from	Tokyo)

SuperKEKB	will	produce:	
❖ 55	×109	of	bb	
❖ 65	×109	of	cc	
❖ 45	×109	of	τ+	τ-

-
-



Belle	II	schedule
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First	Hadronic	candidate	event	
Apr.	26,	2018

SuperKEKB	luminosity	projecJons

Largest	current	
exisJng	dataset	
in	the	world

50	ab-1

❖ Experiment	commissioning	in	Spring	
2018.	
!

❖ Belle	II	Physics	run	started	in	Spring	
2019.		
!

❖ Current	parJcle	collisions	dataset	
exisJng	in	the	world	will	be	
overpassed	within	1	year.

PhD	thesis

➛	PhD	thesis	in	Belle	II:	publica4ons	  
with	>	5×	currently	available	dataset	in	the	world



Na4onal	and	interna4onal	context
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❖ InternaJonal	Belle	II	collaboraJon:	  
∼	800	parJcipants	from	26	countries.	
!

❖ France	joined	officially	in	2016.  

❖ Belle	II-IPHC	main	collaborators	
❖ Germany:	KIT	(Karlsruhe),	DESY	

(Hamburg),	Bonn	and	München.	
❖ Italy:	Pisa,	Perugia,	Trieste.	
❖ Japan:	KEK,	Nagoya.	
❖ South	Korea:	Daegu	
❖ Slovenia:	Ljubljana

Ceremony	of	French	Flag	Raising	with	French	Embassy



The Belle II group @IPHC in 2020
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Jérôme	Baudot	
professor	 
@	Unistra	

Isabelle	Ripp-Baudot	
research	director	
@	CNRS

Reem	Rascheed	
Unistra	PhD	student	
➝	09/2020

Giulio	Dujany	
junior	researcher	
@	CNRS	

+	several	engineers	:	slow	control	of	the	Vertex	detector,	upgrade	of	the	vertex	det.,	compuJng.	
!
+	potenJal	M1	students

Tristan	Fillinger	
CNRS	PhD	student	
➝	09/2022

M2	physics	project	Jan.	2020	
M2	internship	March-July	2020	
PhD	student	Oct.	2020-2023

YOU	
M2	/	PhD	student	
➝	09/2023
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IPHC-Belle	II	group	ac4vi4es

❖ Search	for	new	physics	beyond	the	Standard	Model:	
❖ Measurement	of	the	CP	asymmetry	as	a	funcJon	of	Jme	of	b	➝	s	γ	processes.	
❖ Search	for	b	➝	s	ν	ν	processes.			
❖ ParJcipaJon	to	the	Physics	StaJsJc	Advisory	commisee.	
!

❖ Operate	the	Belle	II	detector:		
❖ Development	of	the	vertex	detector	slow-control.	
❖ Development		of	the	calibraJon	database.	
❖ Shits	(on-site	and	remote:	Belle	II,	vertex	detector,	compuJng,	machine-detector	interface).		

!
❖ Design	the	next	generaJon	vertex	detector:		

❖ Define	the	detector	specificaJons.	
❖ SimulaJon	and	tracking	with	the	new	detect.	
❖ R&D	of	a	sensor	prototype.

-
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b	➝	s	γ	process:	photon	helicity			(1)	

b s

❖ V-A	coupling	in	the	SM:	B	mesons	produce	mainly	  
right-handed	photons	in	b	➝	s	γ	transiJons.- -

❖ Time-dependent	CP	asymmetry:	

ACP (t) =
�(B0(t) ! fCP ) � �̄(B̄0(t) ! fCP )

” + ”

ACP (t) ⇠
2ms

mb
sin 2� sin�mt = SCP sin�mt ⇠ 0+ACP cos�mt ' 0

<latexit sha1_base64="/AF+zjeLKD5DhB5dMxZKijvm/UU=">AAACDXicbZC7SgNBFIZn4z3eopY2g1EQhLArgmKlxsIygrlANoTZyUkyZGZ3nTkrhCUvYOOr2FgoYmtv59s4uRSa+MPAx3/O4cz5g1gKg6777WTm5hcWl5ZXsqtr6xubua3tiokSzaHMIxnpWsAMSBFCGQVKqMUamAokVINecVivPoA2IgrvsB9DQ7FOKNqCM7RWM7d/RC+babE0oD6PDPWvQSKjCin1z6lvhIJ76jZzebfgjkRnwZtAnkxUaua+/FbEEwUhcsmMqXtujI2UaRRcwiDrJwZixnusA3WLIVNgGunomgE9sE6LtiNtX4h05P6eSJkypq8C26kYds10bWj+V6sn2D5rpCKME4SQjxe1E0kxosNoaEto4Cj7FhjXwv6V8i7TjKMNMGtD8KZPnoXKccGzfHuSv7iaxLFMdskeOSQeOSUX5IaUSJlw8kieySt5c56cF+fd+Ri3ZpzJzA75I+fzB72amXI=</latexit><latexit sha1_base64="/AF+zjeLKD5DhB5dMxZKijvm/UU=">AAACDXicbZC7SgNBFIZn4z3eopY2g1EQhLArgmKlxsIygrlANoTZyUkyZGZ3nTkrhCUvYOOr2FgoYmtv59s4uRSa+MPAx3/O4cz5g1gKg6777WTm5hcWl5ZXsqtr6xubua3tiokSzaHMIxnpWsAMSBFCGQVKqMUamAokVINecVivPoA2IgrvsB9DQ7FOKNqCM7RWM7d/RC+babE0oD6PDPWvQSKjCin1z6lvhIJ76jZzebfgjkRnwZtAnkxUaua+/FbEEwUhcsmMqXtujI2UaRRcwiDrJwZixnusA3WLIVNgGunomgE9sE6LtiNtX4h05P6eSJkypq8C26kYds10bWj+V6sn2D5rpCKME4SQjxe1E0kxosNoaEto4Cj7FhjXwv6V8i7TjKMNMGtD8KZPnoXKccGzfHuSv7iaxLFMdskeOSQeOSUX5IaUSJlw8kieySt5c56cF+fd+Ri3ZpzJzA75I+fzB72amXI=</latexit><latexit sha1_base64="/AF+zjeLKD5DhB5dMxZKijvm/UU=">AAACDXicbZC7SgNBFIZn4z3eopY2g1EQhLArgmKlxsIygrlANoTZyUkyZGZ3nTkrhCUvYOOr2FgoYmtv59s4uRSa+MPAx3/O4cz5g1gKg6777WTm5hcWl5ZXsqtr6xubua3tiokSzaHMIxnpWsAMSBFCGQVKqMUamAokVINecVivPoA2IgrvsB9DQ7FOKNqCM7RWM7d/RC+babE0oD6PDPWvQSKjCin1z6lvhIJ76jZzebfgjkRnwZtAnkxUaua+/FbEEwUhcsmMqXtujI2UaRRcwiDrJwZixnusA3WLIVNgGunomgE9sE6LtiNtX4h05P6eSJkypq8C26kYds10bWj+V6sn2D5rpCKME4SQjxe1E0kxosNoaEto4Cj7FhjXwv6V8i7TjKMNMGtD8KZPnoXKccGzfHuSv7iaxLFMdskeOSQeOSUX5IaUSJlw8kieySt5c56cF+fd+Ri3ZpzJzA75I+fzB72amXI=</latexit><latexit sha1_base64="/AF+zjeLKD5DhB5dMxZKijvm/UU=">AAACDXicbZC7SgNBFIZn4z3eopY2g1EQhLArgmKlxsIygrlANoTZyUkyZGZ3nTkrhCUvYOOr2FgoYmtv59s4uRSa+MPAx3/O4cz5g1gKg6777WTm5hcWl5ZXsqtr6xubua3tiokSzaHMIxnpWsAMSBFCGQVKqMUamAokVINecVivPoA2IgrvsB9DQ7FOKNqCM7RWM7d/RC+babE0oD6PDPWvQSKjCin1z6lvhIJ76jZzebfgjkRnwZtAnkxUaua+/FbEEwUhcsmMqXtujI2UaRRcwiDrJwZixnusA3WLIVNgGunomgE9sE6LtiNtX4h05P6eSJkypq8C26kYds10bWj+V6sn2D5rpCKME4SQjxe1E0kxosNoaEto4Cj7FhjXwv6V8i7TjKMNMGtD8KZPnoXKccGzfHuSv7iaxLFMdskeOSQeOSUX5IaUSJlw8kieySt5c56cF+fd+Ri3ZpzJzA75I+fzB72amXI=</latexit>

❖ However,	if	New	Physics	with	right-handed	coupling	exists:	 
the	photon	is	not	fully	polarised	and	ACP	≠	0.

❖ Experimentally:	measurement	of	ACP	with	B0	➝	KS0	π+	π-	γ	et	B0	➝	KS0	π0	π	γ	decays.

❖ In	SM	with	a	pure	let-handed	(V-A)	coupling	to	fermions,	we	have:

➛	Thesis	work	of	Reem	Rasheed	(2017-2020)	and	Tristan	Fillinger	(2019-2022).
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➛	This	measurement	constrains	
Wilson	coefficients	Ci	of	the	effecJve	
Hamiltonien	of	New	Physics	:	

b	➝	s	γ	process:	photon	helicity			(2)	



Lepton	universality	in	the	S.M.

1111

❖ S.M.	electroweak	coupling	with	leptons	is	universal: 
(i.e.	the	same,	but	small	correcJons	due	to	different	lepton	masses)

�i
g

cos ✓W
�µ gv � ga�5

2

<latexit sha1_base64="1eH45HU8dcky3jNQDa9U6MgHbSw="></latexit><latexit sha1_base64="1eH45HU8dcky3jNQDa9U6MgHbSw="></latexit><latexit sha1_base64="1eH45HU8dcky3jNQDa9U6MgHbSw="></latexit><latexit sha1_base64="1eH45HU8dcky3jNQDa9U6MgHbSw="></latexit>

Z	coupling	with	fermions:	 gv = T3 � 2Q sin2 ✓W
<latexit sha1_base64="6d+PWKJFGniliVZnzffzFf+SjrU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQstMFRRBKLpx2UJf0KlDJk3b0ExmSO4USukvuPFX3LhQxK07d/6N6WOhrQcSTs65l5t7glhwDY7zbaVWVtfWN9Kbma3tnd09e/+gpqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o3038+oApzSNZgWHMWiHpSt7hlICRfDvX9Qf4Blf8c+xd47MC9k5xeXJ5mkv8YN7QY0D8um9nnbwzBV4m7pxk0Rwl3/7y2hFNQiaBCqJ103ViaI2IAk4FG2e8RLOY0D7psqahkoRMt0bTjcb4xCht3ImUORLwVP3dMSKh1sMwMJUhgZ5e9Cbif14zgc5Va8RlnACTdDaokwgMEZ7Eg9tcMQpiaAihipu/YtojilAwIWZMCO7iysukVsi7Tt4tX2SLt/M40ugIHaMcctElKqJ7VEJVRNEjekav6M16sl6sd+tjVpqy5j2H6A+szx9ICpmO</latexit><latexit sha1_base64="6d+PWKJFGniliVZnzffzFf+SjrU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQstMFRRBKLpx2UJf0KlDJk3b0ExmSO4USukvuPFX3LhQxK07d/6N6WOhrQcSTs65l5t7glhwDY7zbaVWVtfWN9Kbma3tnd09e/+gpqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o3038+oApzSNZgWHMWiHpSt7hlICRfDvX9Qf4Blf8c+xd47MC9k5xeXJ5mkv8YN7QY0D8um9nnbwzBV4m7pxk0Rwl3/7y2hFNQiaBCqJ103ViaI2IAk4FG2e8RLOY0D7psqahkoRMt0bTjcb4xCht3ImUORLwVP3dMSKh1sMwMJUhgZ5e9Cbif14zgc5Va8RlnACTdDaokwgMEZ7Eg9tcMQpiaAihipu/YtojilAwIWZMCO7iysukVsi7Tt4tX2SLt/M40ugIHaMcctElKqJ7VEJVRNEjekav6M16sl6sd+tjVpqy5j2H6A+szx9ICpmO</latexit><latexit sha1_base64="6d+PWKJFGniliVZnzffzFf+SjrU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQstMFRRBKLpx2UJf0KlDJk3b0ExmSO4USukvuPFX3LhQxK07d/6N6WOhrQcSTs65l5t7glhwDY7zbaVWVtfWN9Kbma3tnd09e/+gpqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o3038+oApzSNZgWHMWiHpSt7hlICRfDvX9Qf4Blf8c+xd47MC9k5xeXJ5mkv8YN7QY0D8um9nnbwzBV4m7pxk0Rwl3/7y2hFNQiaBCqJ103ViaI2IAk4FG2e8RLOY0D7psqahkoRMt0bTjcb4xCht3ImUORLwVP3dMSKh1sMwMJUhgZ5e9Cbif14zgc5Va8RlnACTdDaokwgMEZ7Eg9tcMQpiaAihipu/YtojilAwIWZMCO7iysukVsi7Tt4tX2SLt/M40ugIHaMcctElKqJ7VEJVRNEjekav6M16sl6sd+tjVpqy5j2H6A+szx9ICpmO</latexit><latexit sha1_base64="6d+PWKJFGniliVZnzffzFf+SjrU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQstMFRRBKLpx2UJf0KlDJk3b0ExmSO4USukvuPFX3LhQxK07d/6N6WOhrQcSTs65l5t7glhwDY7zbaVWVtfWN9Kbma3tnd09e/+gpqNEUValkYhUIyCaCS5ZFTgI1ogVI2EgWD3o3038+oApzSNZgWHMWiHpSt7hlICRfDvX9Qf4Blf8c+xd47MC9k5xeXJ5mkv8YN7QY0D8um9nnbwzBV4m7pxk0Rwl3/7y2hFNQiaBCqJ103ViaI2IAk4FG2e8RLOY0D7psqahkoRMt0bTjcb4xCht3ImUORLwVP3dMSKh1sMwMJUhgZ5e9Cbif14zgc5Va8RlnACTdDaokwgMEZ7Eg9tcMQpiaAihipu/YtojilAwIWZMCO7iysukVsi7Tt4tX2SLt/M40ugIHaMcctElKqJ7VEJVRNEjekav6M16sl6sd+tjVpqy5j2H6A+szx9ICpmO</latexit>

With:

ga = T3
<latexit sha1_base64="+bTOt/HhSlqOkc0cqYSu50xvgY0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ9OKxQr+wDWGznbRLN5uwuxFK6b/w4kERr/4bb/4bt20OWn0w8Hhvhpl5YSq4Nq775RRWVtfWN4qbpa3tnd298v5BSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkSleSIbZpyiH9OB5BFn1FjpYRBQck0awTkJyhW36s5B/hIvJxXIUQ/Kn71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtVTSGLU/mV88JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zupmJrvwJl2lmULLFoigTxCRk9j7pc4XMiLEllClubyVsSBVlxoZUsiF4yy//Ja2zqudWvfuLSu0mj6MIR3AMp+DBJdTgDurQBAYSnuAFXh3tPDtvzvuiteDkM4fwC87HN5Q0j4g=</latexit><latexit sha1_base64="+bTOt/HhSlqOkc0cqYSu50xvgY0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ9OKxQr+wDWGznbRLN5uwuxFK6b/w4kERr/4bb/4bt20OWn0w8Hhvhpl5YSq4Nq775RRWVtfWN4qbpa3tnd298v5BSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkSleSIbZpyiH9OB5BFn1FjpYRBQck0awTkJyhW36s5B/hIvJxXIUQ/Kn71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtVTSGLU/mV88JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zupmJrvwJl2lmULLFoigTxCRk9j7pc4XMiLEllClubyVsSBVlxoZUsiF4yy//Ja2zqudWvfuLSu0mj6MIR3AMp+DBJdTgDurQBAYSnuAFXh3tPDtvzvuiteDkM4fwC87HN5Q0j4g=</latexit><latexit sha1_base64="+bTOt/HhSlqOkc0cqYSu50xvgY0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ9OKxQr+wDWGznbRLN5uwuxFK6b/w4kERr/4bb/4bt20OWn0w8Hhvhpl5YSq4Nq775RRWVtfWN4qbpa3tnd298v5BSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkSleSIbZpyiH9OB5BFn1FjpYRBQck0awTkJyhW36s5B/hIvJxXIUQ/Kn71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtVTSGLU/mV88JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zupmJrvwJl2lmULLFoigTxCRk9j7pc4XMiLEllClubyVsSBVlxoZUsiF4yy//Ja2zqudWvfuLSu0mj6MIR3AMp+DBJdTgDurQBAYSnuAFXh3tPDtvzvuiteDkM4fwC87HN5Q0j4g=</latexit><latexit sha1_base64="+bTOt/HhSlqOkc0cqYSu50xvgY0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ9OKxQr+wDWGznbRLN5uwuxFK6b/w4kERr/4bb/4bt20OWn0w8Hhvhpl5YSq4Nq775RRWVtfWN4qbpa3tnd298v5BSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkSleSIbZpyiH9OB5BFn1FjpYRBQck0awTkJyhW36s5B/hIvJxXIUQ/Kn71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtVTSGLU/mV88JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zupmJrvwJl2lmULLFoigTxCRk9j7pc4XMiLEllClubyVsSBVlxoZUsiF4yy//Ja2zqudWvfuLSu0mj6MIR3AMp+DBJdTgDurQBAYSnuAFXh3tPDtvzvuiteDkM4fwC87HN5Q0j4g=</latexit>

And:	

For	electron,	muon,	tau	:			Q	=	-1		,		T3	=	-1/2		,			gv	=	-0.04

However,	this	equality	is	accidental,	there	is	no	theoreJcal	ground

Z Z Z

e-

e+

µ-

µ+ τ+

τ-

≃ ≃

❖ Experimental	measurements	agree	with	this	predicJon:

�Z!µµ

�Z!ee
= 1.0009± 0.0028
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�Z!⌧⌧

�Z!ee
= 1.0019± 0.0032

<latexit sha1_base64="TKy7UrTqwp5kaX4vq7RQT111NxQ=">AAACMHicbZDLSgMxFIYz3q23qks3wSK4khkV1IUguqjLCvaCnVLOpKdtMJkZkoxQhnkkNz6KbhQUcetTmGm7sNUDJ3z8fw7J+YNYcG1c982ZmZ2bX1hcWi6srK6tbxQ3t2o6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgP7q9yv/6ASvMovDWDGFsSeiHvcgbGSu1iOfXLICW00zvqm8g2JMMjo35kB+mkjRSzjJ5T78B1vTPqx5K6Fo8O28VSDnnRv+CNoUTGVWkXn/1OxBKJoWECtG56bmxaKSjDmcCs4CcaY2D30MOmxRAk6lY6XDije1bp0G6kbIeGDtXfEylIrQcysDclmL6e9nLxP6+ZmO5pK+VhnBgM2eihbiKoXT1Pj3a4QmbEwAIwxe1fKeuDAmZsxgUbgje98l+oHR54lm+OSxeX4ziWyA7ZJfvEIyfkglyTCqkSRh7JC3knH86T8+p8Ol+jqzPOeGabTJTz/QPLBqY3</latexit><latexit sha1_base64="TKy7UrTqwp5kaX4vq7RQT111NxQ=">AAACMHicbZDLSgMxFIYz3q23qks3wSK4khkV1IUguqjLCvaCnVLOpKdtMJkZkoxQhnkkNz6KbhQUcetTmGm7sNUDJ3z8fw7J+YNYcG1c982ZmZ2bX1hcWi6srK6tbxQ3t2o6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgP7q9yv/6ASvMovDWDGFsSeiHvcgbGSu1iOfXLICW00zvqm8g2JMMjo35kB+mkjRSzjJ5T78B1vTPqx5K6Fo8O28VSDnnRv+CNoUTGVWkXn/1OxBKJoWECtG56bmxaKSjDmcCs4CcaY2D30MOmxRAk6lY6XDije1bp0G6kbIeGDtXfEylIrQcysDclmL6e9nLxP6+ZmO5pK+VhnBgM2eihbiKoXT1Pj3a4QmbEwAIwxe1fKeuDAmZsxgUbgje98l+oHR54lm+OSxeX4ziWyA7ZJfvEIyfkglyTCqkSRh7JC3knH86T8+p8Ol+jqzPOeGabTJTz/QPLBqY3</latexit><latexit sha1_base64="TKy7UrTqwp5kaX4vq7RQT111NxQ=">AAACMHicbZDLSgMxFIYz3q23qks3wSK4khkV1IUguqjLCvaCnVLOpKdtMJkZkoxQhnkkNz6KbhQUcetTmGm7sNUDJ3z8fw7J+YNYcG1c982ZmZ2bX1hcWi6srK6tbxQ3t2o6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgP7q9yv/6ASvMovDWDGFsSeiHvcgbGSu1iOfXLICW00zvqm8g2JMMjo35kB+mkjRSzjJ5T78B1vTPqx5K6Fo8O28VSDnnRv+CNoUTGVWkXn/1OxBKJoWECtG56bmxaKSjDmcCs4CcaY2D30MOmxRAk6lY6XDije1bp0G6kbIeGDtXfEylIrQcysDclmL6e9nLxP6+ZmO5pK+VhnBgM2eihbiKoXT1Pj3a4QmbEwAIwxe1fKeuDAmZsxgUbgje98l+oHR54lm+OSxeX4ziWyA7ZJfvEIyfkglyTCqkSRh7JC3knH86T8+p8Ol+jqzPOeGabTJTz/QPLBqY3</latexit><latexit sha1_base64="TKy7UrTqwp5kaX4vq7RQT111NxQ=">AAACMHicbZDLSgMxFIYz3q23qks3wSK4khkV1IUguqjLCvaCnVLOpKdtMJkZkoxQhnkkNz6KbhQUcetTmGm7sNUDJ3z8fw7J+YNYcG1c982ZmZ2bX1hcWi6srK6tbxQ3t2o6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgP7q9yv/6ASvMovDWDGFsSeiHvcgbGSu1iOfXLICW00zvqm8g2JMMjo35kB+mkjRSzjJ5T78B1vTPqx5K6Fo8O28VSDnnRv+CNoUTGVWkXn/1OxBKJoWECtG56bmxaKSjDmcCs4CcaY2D30MOmxRAk6lY6XDije1bp0G6kbIeGDtXfEylIrQcysDclmL6e9nLxP6+ZmO5pK+VhnBgM2eihbiKoXT1Pj3a4QmbEwAIwxe1fKeuDAmZsxgUbgje98l+oHR54lm+OSxeX4ziWyA7ZJfvEIyfkglyTCqkSRh7JC3knH86T8+p8Ol+jqzPOeGabTJTz/QPLBqY3</latexit>

B(W ! e⌫e)

B(W ! µ⌫µ)
= 1.004± 0.008

<latexit sha1_base64="MgZ+A7OfEtozwJrb2gsq78o2d+8="></latexit><latexit sha1_base64="MgZ+A7OfEtozwJrb2gsq78o2d+8="></latexit><latexit sha1_base64="MgZ+A7OfEtozwJrb2gsq78o2d+8="></latexit><latexit sha1_base64="MgZ+A7OfEtozwJrb2gsq78o2d+8="></latexit>
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❖ Actually,	several	discrepancies	are	observed	in	the	flavour	sector:

❖ b	➝	s	ℓ	ℓ❖ b	➝	c	ℓ	ν	

B0		or	B+	➝D(*)	ℓ+	ν	 B0		or	B+	➝K(*)	ℓ+	ℓ-	

Measured	lepton	universality	anomalies		(1)

❖ Measured	observable:	a	raJo	of	Branching	RaJos	(many	uncertainJes	cancel	in	the	raJo)
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Measured	lepton	universality	anomalies		(2)

❖ 3	different	experiments,	BaBar	and	Belle	(at	e+e-	colliders	closed	in	2010),	and	LHCb	(at	pp	collider	
running	at	CERN)	agree	and	measure	3	to	4σ-discrepancies	with	S.M.	predicJon.
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Measured	lepton	universality	anomalies		(3)

❖ 2017:	almost	5σ-discrepancy	with	S.M.	predicJon!



15

Measured	lepton	universality	anomalies		(3)

❖ 2017:	almost	5σ-discrepancy	with	S.M.	predicJon!
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!
❖ IntroducJon	of	new	parJcles	with	couplings	to	leptons	dependent	on	the	lepton	flavour:	 

neutralinos,	leptoquarks,	addiJonal	Z’	vector	bosons,	addiJonal	H+	Higgs	bosons,	…

➛

SM

NP

What	could	explain	these	anomalies?

!
❖ However	we	must	make	sure	that	the	discrepancy	is	actual:		

❖ Get	rid	of	possible	experimental	errors	or	forge�ng	in	the	interpretaJon.	
❖ InvesJgate	carefully	the	significance	of	the	discrepancy.

duck	=	NP	
rabbit	=	SM



PhD	thesis	project	in	Belle	II	at	IPHC
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❖ Thesis	Jtle:	Search	for	rare	B	➝	K(*)	ν	ν		decays	
!

❖ Supervisor:	Isabelle	Ripp-Baudot	(ripp@in2p3.fr)  
co-supervisor:	Giulio	Dujany.	

!
❖ MoJvaJon:		

❖ Yet	un-observed	➛	discovery.  
Current	experimental	upper	limits	are	put	by	BaBar	and	Belle:	B< few×10-5.	!

❖ SensiJve	to	indirect	New	Physics	contribuJon	and	to	direct	Dark	Maser	producJon.  
❖ Very	precise	SM	predicJon:B(B+➝K*+	ν	ν)	=	9.2×10-6	

ContribuJon	to	the	understanding	of	Lepton	Universality	observed	anomaly:	 
important	input	to	check	theoreJcal	predicJon	of	b	➝	s	ℓ	ℓ	value.	
!

❖ Belle	II	assets:		

❖ ObservaJon	possible	only	in	Belle	II,	parJcularly	well	adapted	to	final	states	involving	ν.	!
❖ Experiment	at	the	most	luminous	collider.	
!

❖ ParJculariJes:	
❖ Travels	to	Japan:	3	collaboraJon	weeks/year	+	shits	+	1	possible	mid-term	stay.	

ν

ν

x

-

mailto:ripp@in2p3.fr
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Selec4on	of	B+	➝	K*+	ν	ν	events			(1)

❖ For	simple	cases	a	signal	selecJon	is	done	like	that: 
❖ ParJcles	idenJfied	(dE/dx,	Čerenkov	angle,	Time	of	Flight):	 

mass	known.	!
❖ Momentum	measured	from	reconstructed	bent	parJcle	track	 

in	silicon	detectors	with	magneJc	field.	!
❖ Energy	measured	in	the	calorimeter.  

➛	4-momentum	reconstructed	and	nice	mass	peak:	 
	invariant	mass	=	√	(∑	E2	-	∑	p2).

❖ But	here:	presence	of	several	undetected	neutrinos	in	final	
state,	signal	consists	only	of	a	K*+	➝	K+	π-  
➛	and	there	are	many	K*+,	very	few	originating	in	B+	➝	K*+	ν	ν.	
!

❖ The	trick	is:	reconstruct	the	companion	B,	 
then	search	for	an	addiJonal	K*+	&	missing	energy.	
!

❖ Many	different	final	states	can	be	considered	to	reconstruct	
BTag	(see	PDG),	each	one	with	total	B.R.	∼	or	<	O(‰):	the	
cornerstone	of	the	analysis	is	to	be	able	to	reconstruct	as	
many	BTag	as	possible			➛	Full	Event	InterpretaJon.

region	with	good	  
Signal/Background	raJo

K

π
K*+
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Full	Event	Interpreta4on

❖ Why	a	dedicated	mulJvariate	algorithm?  
Example:	try	to	reconstruct	D0	➝	K-	π+	π+	π-	in	a	collision	with	10	
tracks	in	final	state:	5	with	q>0		and	5	with	q<0 
 

➛	100	possible	combinations	of	the	10	tracks  
and	300	combinations	to	reconstruct	B+Tag	➝	D0	(➝	K-	π+	π+	π-)	π+.  
 

➛	impossible	to	do	for	10	000	different	final	states.

❖ Each	step	is	reconstructed	with	a	
dedicated	Boosted	Decision	Tree	
(BDT).  

❖ Each	BTag	decay	channel	is	
reconstructed	with	a	dedicated	
Boosted	Decision	Tree.
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Decision	Trees

YES NO

YES

YES YES

NO NO

NONONONO

YES

YES YES

❖ Simple	selecJon:	one	combinaJon	of	sequenJal	cuts	on	variables.  
Example:	select	events	if	p	<	2	GeV	and	parJcle	is	idenJfied	as	a	Kaon. 
A	purity	can	be	determined	for	these	selecJon	criteria,	example:	33	%	of	the	selected	candidates	
will	be	Kaons	originaJng	from	D0	➝	K-	π+.	
!

❖ Decision	tree:	all	combinaJons	of	sequenJal	cuts	are	used,	each	one	has	a	given	purity.	
!

❖ Building	of	DT:	machine	learning	process	with	Signal	data	and	Background	data.

Boosted	Decision	Tree:	many	BDT	are	built, 
and	combined	into	a	beser	one,	reducing	biases.

➛	needs	a	lot	of	CPU.
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Deep	learning

❖ The	Full	Event	InterpretaJon	is	a	key	algorithm	to	discover	new	physics	beyond	the	S.M.	with	the	
Belle	II	experiment,	and	in	parJcular	B	➝	K(*)	ν	ν	decays.	
!

❖ At	IPHC,	the	Belle	II	group	will	work	on	its	improvement,	in	parJcular	in	the	framework	of	the	
proposed	PhD	thesis:		!
❖ Careful	study	to	understand	where	inefficiencies	come	from. 
❖ Build	a	new	FEI	based	on	Deep	Learning	techniques.
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Collider	runs
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Belle	II

Thèse	+	stage	M2



Belle	II	event
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well	defined	iniJal	state

clean	final	state:	only	2	B	mesons,	quantum	correlated	

❖ Belle	II	is	unique	for:	!
❖ inclusive	measurements:	B	➝	Xsγ,		B	➝	Xsℓ+ℓ-,	…	!
❖ events	with	missing	energy:		B+	➝	τ+ν,		B	➝	D(*)τν,	B	➝	K(*)νν…	!
❖ events	with	neutrals:	B0	➝	γγ,		B0	➝	KS0π0γ,		B0	➝	KS0KS0KS0,	…	!

										➛	interesJng	complementary	with	LHCb.


