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Trend	in	Calorimetry

Tower	geometry
Energy	is	integrated	over
large	volumes	into	single
channels

Readout	typically	with
high	resolution

Individual	particles	in	a	
hadronic	jet	not	resolved	

ET

Imaging	calorimetry

Large	number	of		calorimeter
readout	channels	(~107)

Option	to	minimize	
resolution	on	individual
channels

Particles	in	a	jet	are
measured	individually



The DHCAL prototype
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Description
Hadronic	sampling	calorimeter	
Designed	for	future	electron-positron	collider	(ILC)
54	active	layers		(~1m2)
Resistive	Plate	Chambers	with 1	x	1	cm2 pads

→ ~500,000	readout	channels

Electronic	readout

1	– bit	(digital)

Tests	at	FNAL	
with	Iron	absorber	in	2010	- 2011

Tests	at	CERN	
with	Tungsten	absorber	2012

8 GeV e+



DHCAL with Minimal Absorber
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Unprecedented details of low energy electromagnetic showers!



Data sample collected at Fermilab

• Data	collected	at	Fermilab
Test	Beam	Facility

• Secondary	beam	mixture	of	
electrons,	muons	and	pions

• Spill	duration	4.0	seconds
• Čerenkov counters	for	PID
• Data	collected	in	November	

2011	has	a	momentum	range	
of	1	- 10	GeV/c
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Momentum
[GeV/c]

Number	of
events

1 107	k

2 117	k

3 62	k
4 84	k
6 109	k
8 109	k
10 226	k
TOTAL 814	k



Event selection
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PID provided
by Čerenkov
signal
(not 
simulated)

Percentage of events surviving the various event selection criteria 



Equalization of the RPC response
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Simulation
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Response to positrons
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Gaussian	fit	in	a	±2𝜎 range	to	estimate	the	mean	
response	as	a	function	of	the	energy

Data Simulation (FTFP_BERT_EMY)



Response to positrons
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Saturation due to large pad size compared to the dense electromagnetic showers

Inverse fit function used to reconstruct energy 



Reconstructed energy of positrons
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Data Simulation (FTFP_BERT_EMY)

Gaussian	fit	in	a	±2𝜎 range	to	estimate	the	
resolution



Electromagnetic Energy Resolution
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c	[%] α [%]
Data 6.3	± 0.2 14.3	± 0.4
FTFP_BERT_EMY 6.2	± 0.1 13.4	± 0.2



Longitudinal shower shape
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Longitudinal shower shape

Excellent	agreement	for	
shower	maximum
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Transverse shower shape

• Hits	in	first	5	layer	are	fit	
to	a	straight	line	to	
determine	shower	axis

• Distance	R	is	calculated	
with	respect	to	shower	
axis

• Relatively	good	
agreement	observed	for	
data	and	simulation	
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Hit density

Density	is	defined	as	number	
of	neighbors	in	3x3x3	cube	
around	the	hit	(0	to	26)

Density	information	can	be	
used	to	linearize	the	response

Some	limitations	in	the	
simulation	still	persist.
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Before	Leakage	Corr. After	Leakage	Corr. After	Linearization

a 131.8 ± 3.5 132.1 ± 3.5 100.2 ± 2.2

m 0.76 ± 0.02 0.78 ± 0.02 0.95 ± 0.02
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Constant	term	[%] Stochastic	term	[%]

Unweighted 6.4 ± 0.2 14.5 ± 0.4

Weighted 6.5 ± 0.2 12.8 ± 0.3



Conclusions

• Fine	segmentation	allows	the	study	of	electromagnetic	
interactions	with	unprecedented	level	of	spatial	detail

• Data	taken	with	the	DHCAL	with	minimal	absorbers	at	
Fermilab are	compared	to	simulations

• Standard	Geant4	electromagnetic	simulation	package	fails	to	
reproduce	data	well

• EMY	option	allows	big	improvement	in	the	agreement

• Analysis	of	pion	data	is	underway
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