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LHC Comissioning
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General Survival & Improvement Concepts
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Lutz Feld, Phase-II upgrade, 
Aachen (2013)

N=σ×ℒ



Trigger Challenges

4 Lutz Feld, Phase-II upgrade. Aachen (2013)

Need a smart trigger!



CMS Detector
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CMS Detector
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Pixel Upgrade
➤ Radiation	tolerant	

➤ Thin	sensors	~100	μm		

➤ Smaller	pixels	30×100	μm	

➤ Position	resolution	2~3	μm	

➤ Coverage	up	to		𝜂~4	
➤ Only	first	three	disks	used	for	trigger
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Phase-I
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Save events satisfying

a specific cut (ex. μ(pT)>24GeV)

per prescale (ex. 1 in 100 events)

L1 gives a simple information 
passing the threshold &  
region of interest (seed)

HLT combines L1 information 
from several detector parts



L1 (Pixel) Track
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• Refit	the	L1	track	with	pixel	clusters	with	following	matching	
condition:	

• Barrel	layers:	|rΔɸ|	<	3	mm,	|Δz|	<	5	mm	

• Endcap	disks:	|Δr|	<	5mm	

• Require	pixel	clusters	from	at	least	3	different	pixel	layers/disks	
on	the	track	

• Use	linearized	χ
2

	fit		(CMS	Detector	Note	2014-043)	

• Adding	pixel	clusters	improves	track	resolution	!!
A. Ryd, L. Skinnari
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• Self-seeded	L1	track	from	silicon	strip	tracker	

• L1	Track:	Full	efficiency	at	2.2	GeV/c	&	track	
parameters	(z0,	d0,	phi,	eta,	pT)

L1 Track

L1 Pixel Track

New in Phase-II



L1 Pixel Track Triggers
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Pixel Clusters 
matching to L1  
object: PiXTRK

L1 e/ɣ Pixel Trigger

L1 PixelTrack 
b-jet Trigger

L1 Pixel XX 
Trigger

L1PixelTrack 
(L1Track refit with 

Pixel Clusters)

EM Object

L1 Object

Muon

L1Track

• Two	main	challenges	

• Bandwidth	is	overcome	by	a	seed	trigger	(eg	L1EMcluster)	

• L1	latency	needs	a	study	of	possible	implementation	of	L1	fast	trigger	in	the	
pixel		FE	readout	architecture
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Summary & Status
• Feasibility	studies	show	the	potential	of	the	pixel	inner	

tracker	for	improving	performances	of	the	L1	trigger	

• Exploiting	the	forward	tracking	potential	of	the	inner	pixel	
tracker	down	to	𝜂	of	4	opens	a	unique	physics	opportunity	
(eg	very	forward	muon	trigger,	Bs→ɸɸ	by	S.	Sarkar	et	al.)	

• CMS	software	framework	migration	ongoing	

• Phase-II	pixel	detector	design	change		

• Update	pixel	trigger	studies	using	migrated	framework	
and	new	MC	samples	under	progress
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