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Going	from	one	to	other	fron5er	

ΔE	Δt	~	1	
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Group	ac5vi5es	in	one	slide	

TIFR-Belle	group	

CPV	and	rare	
charm	decays	

BoLomonium	
spectroscopy	

Physics	sensi3vity	
studies	

Con3nuum	
suppression	

Silicon	Vertex	
Detector	(L4)	

CPV	and	rare	B-
meson	decays	

Ø  A	small	group,	having	high	visibility	in	terms	of	contribu3on	
and	established	leadership	within	the	collabora3on(s)		
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		CP	viola5on	and	rare	B-meson	decays	

PRD	87,	091101(R)	(2013)		

q  A	challenging	analysis	challenged	by	huge	
con3nuum	and	peaking	BB	background	

q  Established	a	signal	for	the	first	3me	(3.5σ	
evidence)	

q  Will	be	a	key	analysis	for	Belle	II	

PRD	87,	031103(R)	(2013)		
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CP	viola5on	and	rare	charm	decays	

q  A	nice	channel	for	
NP,	which	can	only	
be	studied	at	e+e−	
flavor	factories	

	
q  Set	world’s	best	limit	

(8.5×10−7)	in	absence	
of	a	signal	

PRD	93,	051102(R)	(2016)		

q  Results	consistent	with	no	CP	viola3on	
q  An	order	of	magnitude	improvement	

over	the	exis3ng	result	

PRL	112,	211601	(2014)		
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		BoComonium	spectroscopy	

q  Unambiguously	refuted	the	
claim	of	dubious	Xbb(9975)	
state,	which	was	claimed	by	a	
study	based	on	CLEO’s	data	

q  Paved	way	for	further	study	on	
χbJ(1P)	states	–	see	below	

q  85	new	decay	channels	of	χbJ(1P)	
are	discovered	

q  First	upper	limit	on	the	natural	
width	of	of	χb0(1P)	

PRL	111,	112001	(2013)		

Paper	in	prepara3on	



•  PiXel	Detector	(PXD)	
•  Silicon	Vertex	Detector	(SVD)	

–  Double-sided	silicon	strip	detectors	
(DSSDs)	

PXD	

SVD	

• 	Fast	–	to	operate	in	high	rate	environment	
• 	Excellent	spa3al	resolu3on		
• 	Radia3on	hard	(up	to	100	kGray)	
• 	Good	tracking	capability	–	to	track	par3cles	
		down	to	50	MeV	in	pT	

VXD	requirements	
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• 	Determine	the	vertex	posi5on	of	the	weakly	
			decaying	par5cles	
• 	Measure	the	two-dimensional	track	posi5on	
			and	momentum	for	charged	par5cles	

	Belle	II	Vertex	Detector	(VXD)	



SVD	Structure	Overview	
SVD	cut	model	

•  4	SVD	layers	(L3	to	L6)	composed	
of	ladders	arranged	in	a	windmill	
structure	

•  Improved	resolu5on	at	IP	w.r.t	
Belle	I	

•  Very	lightweight	–	only	0.58%X0	
per	layer	

Forward	

Angular	acceptance	
17⁰<θ<150⁰	

~650mm	 Backward	
Layer	 Ins5tute	

3	 University	of	Melbourne		

4	 TIFR		Mumbai	

5	 HEPHY	Vienna	

6	 IPMU	University	of	Tokyo	

FW	&	BW	 INFN	Pisa		
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Four	layers	

RL3	=	38mm	
RL4	=	80mm	

RL5	=	115mm	
RL6	=	140mm	

L6	

L5	

L4	
L3	

Rectangular	sensor	

Sensor	

Sensor	

Sensor	

Trapezoidal	sensor	

Layer	 Ladders	 Sensors	
/	Ladder		

APVs 

6	 16	 5	 800 
5	 12	 4	 480 
4	 10	 3	 300 
3	 7	 2	 168 

	SVD	Ladder	Layout	



SVD	Sensors	and	Readout	ASIC	
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N⁺	strip	

Si	

Rectangular	 Trapezoidal	

#	of	p-strips	 768	 768	

p-strip	pitch	 75μm	 50…75μm	

#	of	n-strips	 512	 512	

n-strip	pitch	 240μm	 240μm	

Ac5ve	area	 57.72x122.9
mm²	 5890mm²	

Double-sided	Si	strip	detector	

“DSSD”	

P⁺	strip	

Readout	ASIC	(APV25)	
•  As	high	hit	rate	is	an5cipated	at	Belle	
II,	the	readout	chip	should	have	a	
short	signal	shaping	5me	for	low	
noise	and	a	good	radia5on	hardness.	

We	adopted	the	APV25	

•  The	APV25	was	originally	
developed	for	the	CMS.	
•  Shaping	5me	=	50ns.	
•  Radia5on	hardness	>	1MGray.	

•  Other	characteris5cs	
•  #	of	input	channels	=	128	/	chip.	
•  192-deep	analog	pipeline	for	the	
dead-5me	reduc5on.	

•  Thinned	down	to	100μm	for	the	
material	budget	reduc5on.	
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Chip-on-Sensor	and	“Origami”	
Concepts	

•  APV25	on	sensor	
–  The	APVs	for	the	inner	
sensors	are	placed	
directly	on	the	DSSDs	to	
minimize	the	analog	
path	length	(capaci3ve	
noise)	

•  P-side	readout	
–  Signals	on	the	sensor	
backside	are	brought	to	
the	upper	side	by	other	
flex	circuits	and	readout	
by	APV25	chips	mounted	
on	the	top	

…	…	
DSSD	n-side	(512	strips)	

Fan-out	flex	circuit	

Signal	readout	by	the	
APV25s	on	the	sensor	

Wire	bonding	between	
the	sensor	and	flex	

Backside	signal	readout	
by	the	other	APV25s	

The	other	flex	

Readout	ASICs	on	the	same	side	&	line	→	easier	chilling	by	a	single	cooling	pipe.	
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DSSD	backside	
Flex	

Flex	

APV25	

DSSD	

APV25	
Flex	 The	backside	signals	

are	transmiCed	to	the	
APV25	via	bent	(and	
glued)	flex	circuits.	

Flex	 Flex	

DSSD	front	side	with	APV25s	

Snapshot	–	the	“Origami”	Concept	

12	



Thermal	
insulator	

Flex	circuit	hybrid	

SVD	Ladder	Assembly	

APV25	Thermal	
insulator	

DSSD	array	

APV25	

Flex	circuits	

Support	
ribs		

APV25	

Sensor	fixed	on	a	jig	 Sensor	placement	

DSSDs	are	handled	with	precision	
assembly	jigs	(O(50μm)),	on	which	the	
sensors	are	fixed	by	vacuum	chucking.	

Sensors	are	
aligned		with	a		
Precision		of	
10μm	by	a	

posi5on	tuning	jig	
with	monitoring	
through	a	CMM.	

Precision	DSSD	alignment	
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SVD	Ladder	Assembly	
Electrical	connec5on:	wire	bonding	
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Ladders	are	fabricated	by	gluing	the	
components	by	Araldite®2011		

Glue	spread	below	bonding	pads	can	
affect	the	bonding	yield	and	pull	
strength	→	glue	amount	and	glue	

lining	are	controlled	by	a	gluing	robot.	

Ladder	fabrica5on:	gluing	

Appropriate	
spread	of	glue	
to	the	flex	edge	

Wire	bonding	pads	

Posi5on	on	the	gluing	line	[mm]	G
lu
e	

th
ic
kn

es
s	[
μm

]	

t	=	55+10μm	

The	flex↔DSSD	strips	
and	flex↔APV25s	are	
electrically	connected	
by	the	wire	bonding	

Bonding	machine	parameters	are	fine	
tuned	to	realize	yield>99%	and	pull	

strength	f:μf>5g,	σf/f<20%.	

with	Aℓ(99%)	wire(φ=25μm).			
Number	of	total	bonds	=	450k.	

Pull	strength	[g]	

En
tr
ie
s	/

	0
.5
w
	 μf	=	10.7g	

σf	=	0.6g	
(97	samples)	
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L4	

L5	

L6	

Assembled	ladders		

L3	



CO2	Cooling	
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The	total	SVD	(Origami)	power	dissipa3on	688(328)	W	
Edge	hybrids:	APV25	chips	cooled	by	end	rings	
A	pre-bent	cooling	pipe	(OD=1.6mm)	will	be	clipped	
onto	the	ladders	on	top	of	the	Origami	APVs	



TRG/CLK	signals	

FADC	Readout	System	
x48	FADC	

FADC	
Zero	supp.	
Form

aL
er	

PXD	region	of	
interest	gen	

Data	stream	
SVD	

x4	buffer	

FADC-Ctrl	

Cu	cable	

VME	

x1748	
APV25s	

~2m	
Repeater		

~10m	

SVD	readout	system	

Data	size	reduc5on	

Trigger/	
5ming	

distributor	
FADC	Ctrl	

APV	trig	gen	
Decoder	

Central	DAQ	

“COPPER”	board	

TX	

RX	
CPU	

to	PXD	

to	HLT	

Central	
TRG	

Prototypes	of	all	components	have	been	developed.	
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• 	Class	C1		-	Onsite	review	on	5th	February	2015		

• 	Class	C2		-	Onsite	review	on	27th	June	2015	

• 	Class	B-	(L4.905)			-			Electrically	working	but	mechanically	not		
	
• 	Class	C3	(L4.906)			-			Mechanically	good	but	one	corner	of	the		FW		
																																					sensor	lited	up	to	400microns	
																						
• 	L4.905	and	L4.906		(	remote	)	-	6th	January	2016	

• 	L4.001	(	Class	B	)					-			25th	February	2016	

Past	Reviews	
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		Summary	

q Taking	a	lead	role	in	the	Belle	and	Belle	II	
experiments	in	probing	NP	in	the	luminosity	
fron3er	

	
q Both	physics	and	detector	(Belle	II	SVD)	


