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High Luminosity LHC



High Luminosity LHC



Example: CMS Forward Region (1-100 Mradat 500 fb-1)

Progressive deterioration of energy resolution and trigger 
efficiency, with strong ́ dependence

ECAL endcapsshould be replaced after 500 fb-1 (during LS3)

ECAL Endcap HCAL Endcap

HCAL endcapsshould be upgraded/replacedduring LS3

HCAL forwards require no/minimal upgrade

HCAL Forward

Measurement at 20 fb-1 and predictions at 500 fb-1 and 3000 fb-1

2011-2012
Laser data
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CMS EndcapRegion Dose Rate Dependence of Radiation Damage

V. Khachatryan, et.al., accepted for publication JINST



CMS EndcapRegion Dose Rate Dependence of Radiation Damage

V. Khachatryan, et.al., accepted for publication JINST



Future Hadron Collider Experiments

FCC-hh

Baseline
ÅPromise
ÅGoal 250 fb-1 per year
Å2 fb-1 per day

Åfocus on 25 ns spacing

Ultimate
Åreasonable hope
Ågoal 1000 fb-1 per year
Åmore emphasis on 5 ns

Assume 5 year operation cycles
Å 3.5 year run
Å 0.75-1.0 year for stops, MDs etc.
Å 70% efficiency
Å 625-700 effective days per year

Baseline Ultimate

Luminosity [1034cm-2s-1] 5 20

Bunch distance[ns] 25 (5)

Backgroundevents/bx 170 (34) 680 (136)

Bunch charge [1011] 1 (0.2)

Norm. emitt. [mm] 2.2(0.44)

RMS bunch length [cm] 8

IP beta-function [m] 1.1 0.3

IP beam size [mm] 6.8(3) 3.5 (1.6)

Max ˅ for 2 IPs 0.01
(0.02)

0.03

Crossing angle [s ] 12 Crab. Cav.

Turn-around time [h] 5 4

Daniel Schulte, FCC Week, Washington 

DC, March 2015
10 Mradï5 Grad / 5 years 

(estimate)



Future Lepton Collider Experiments

CLIC

~ 500 fb-1 / year

~ 20 Mrad / year in 

the forward region

CLIC CDR



Future Lepton Collider Experiments

parameter FCC-ee LEP2

energy/beam 45 ς175 GeV 105 GeV

bunches/beam 50 ς60000 4

beamcurrent 6.6 ς1450 mA 3 mA

hor. emittance ~2 nm ~22 nm

emittanceratio ey/ey 0.1% 1%

vert. IP beta function by
* 1 mm 50 mm

luminosity/IP 1.5-280x 1034 cm-2s-1 0.0012 x 1034 cm-2s-1

energy loss/turn 0.03-7.55 GeV 3.34 GeV

synchrotronradiationpower 100 MW 23 MW

RF voltage 0.3 ς11 GV 3.5 GV

Frank Zimmermann, FCC Week, 

Washington DC, March 2015

20 Mrad / year in the 

forward region 

(estimate)
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HEM/ESR: sub-µm film stack of Poly(Ethylene-2,6-Naphthalate)/PEN, 
polyester, polyethylene terephthalate (PET): intrinsic  blue scintillation!

425 nm; 10,500 photons/MeV; short decay timeΧΦ            

Pure PEN Tile used in 
FukishimaSurvey Meter

Intrinsically Rad-Hard Scintillators
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Poly(Ethylene-2,6-Naphthalate)/PEN: intrinsic  blue scintillation!
425 nm; 10,500 photons/MeV; short decay timeΧΦ            

Intrinsically Rad-Hard Scintillators - PEN
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100 MRad(1 MGy) Radiation Resistance!
N. Belkahlaa et al., Space charge, conduction and photoluminescence measurements in gamma irradiated 

poly (ethylene-2,6-naphthalate) Rad. Physics &Chem,V101, August 2014 

Abstract: Polyethylene naphthalate(PEN) thin films were subjected to gamma rays at different doses and 

changes in both the dielectric and photophysicalproperties were investigated. Samples were irradiated in 

air at room temperature by means of a60Co gamma source at a dose rate of ~31Gy/min. Total doses of 

650kGy(344h) & 1023kGy(550h) were adopted. The high radiation resistance of PEN film is highlighted.

Intrinsically Rad-Hard Scintillators - PEN

http://www.sciencedirect.com/science/article/pii/S0969806X14001108
http://www.sciencedirect.com/science/article/pii/S0969806X14001108#aff0005
http://www.sciencedirect.com/science/journal/0969806X/101/supp/C


New ñSXò Scintillators
ÅThe scintillators have a base 
material, primary fluor, and 
secondary fluor. 

ÅThe main scintillation comes 
from the primary fluor.

ÅThe secondary fluor, or 
waveshifter, absorbs the 
ǇǊƛƳŀǊȅΩǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜ-
emits to a wavelength that is 
desirable for optimum 
efficiency.

Secondary Fluor (bis-MSB) 
Absorption/Emission Spectra

Good PMT QE 
and low self-
absorption, 
thus a maximal 
efficiency
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Tests with Direct PMT Coupling

Á Tiles tested: clean quartz, PEN and SX-1

Á Beam: Fermilab120 GeVproton beam

Á Readout: Hamamatsu R7600U-200 directly coupled to the 
edge Ą Scope

Tile PMT
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PEN

4 1-mm PEN tiles

=ʁ0.57
Ly=1.11

CERN TB14 2 mm PEN tile 
with green fiber
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Single tile with reflective 
wrapping

5 tiles with no wrapping

5 tiles with individual 
reflective wrappings

Clean Quartz

1 mm clean quartz tiles

5 tiles with 
wrapping

5 tiles 
without 
wrapping

FW @ 1/10 ~ 10 ns
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