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High Luminosity LHC
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From LHC to HL-LHC
Instantaneous luminosity x5 (for ATLAS, CMS, LHCb) — Particle densities x5-10
Integrated luminosity x10 (for ATLAS, CMS, LHCb) — Radiation damage x10

Increase of overlap of pp events (pile up x3-5)




High Luminosity LHC
Phase Il Upgrades

* from LHC design to ultimate performance

— luminosity 1x10%%cm2s1 - 5x1034cm2s?! |eveled (ATLAS + CMS), X 5
4x1032cm st -2 2x10%3cm2s! (LHCb)
— integrated luminosity 300/fb = 3000/fb (ATLAS + CMS), 5/fb—> 50/fb (LHCb) x10

- new and more precise measurements, extended reach for discoveries
IF detector performance can be preserved / improved

* the price to pay:
— pile-up 20 = 140-200 (ATLAS+CMS), 2 = 5 (LHCb)
— particle densities x5-10
— radiation damage x10
» the casualties (radiation damage and/or performance loss)
— pixel
— tracker
— trigger
— end-cap calorimetry, electronics
— end-cap muon system, electronics
* the brave (in general)
— calorimetry
— muon system
* when?

— installation mainly in ‘long shut down 3’ currently foreseen 2022-2023 (ATLAS+CMS)
partly already in ‘long shutdown 2’ currently foreseen 2018 (LHCb)




Example: CMS Forward Region-100Mrad at 500 fb')
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CMS EndcapRegion Dose Rate Dependence of Radiation Damag
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Figure 3. Ratio of light output to initial light output for tiles as a function of integrated luminosity, with
extracted dose constant, for CMS hadron endcap calorimeter scintillators in Layer 1 (a) and in Layer 7 (b).

V.Khachatryanet.al., accepted for publication JINST



CMS EndcapRegion Dose Rate Dependence of Radiation Damag

o
'c% ~ | CMS Preliminary 7
1 02 g « Q05 (i * 3
E = D=1.35"R"™ (fixed exponent) 3
o = ® I:: -
— B [ | CMS in-situ 8 TeV, laser Layer 1 e 7
C B ] o .
g 10 O CMSinsituBTeV, laserLayer7| , o® O -
c - + “co 5 ]
S | ]
o 1 —
®» E o =
o I ]
(- B o i
L gs ]
10 E HB-E’BE' e *Co, Biagtan 1996 (PS) E
- 'Elﬁ . O %Co, Biagtan 1996 (PVT) | -
102 E
-|'|||| [ |||III| L1 I|||II| [ |III||| [ I|||II| 1 I|II|||| [ |||I|I| 1 |I|||II| [

10* 10° 10% 10 1 10 10° 10°
Dose rate (krad/hr)

Figure 4. Exponential constant as a function of dose rate. Results from scintillators based on PS are shown
in blue, while those based on PVT are shown in red. Results from Layer 1 (7) of the CMS HE scintillator are
indicated by filled squares (open squares). Each point corresponds to a different tile pseudorapidity. Results
from the %°Co irradiations discussed in Biagtan [2] are indicated with circles. The label “60Co, CMS™ (cross)
refers to the measurement first presented in this paper, which was taken using irradiation from a gamma
source. A fit to the in situ data to a power law is shown, where the power is set to 0.5.

V.Khachatryanet.al., accepted for publication JINST



Future Hadron Collider Experiments

FCehh

Baseline

APromise

AGoal 250 i3 per year
A2 fot per day

Afocus on 25 ns spacing

Ultimate

Areasonable hope

Agoal 1000 fl3 per year
Amore emphasis on 5 ns

Assume 5 year operation cycles

A 3.5 year run

A 0.751.0 year for stops, MDs etc.
A 70% efficiency

A 625700 effective days per year

10Mrad1 5 Grad / 5 years
(estimate)

Luminosity [18&*%cnr?s?] 5 20

Bunch distancfns] 25 (5)

Backgrounaeventshbx 170 (34) 680 (136)

Bunch charge [10] 1(0.2)

Norm.emitt. [mm] 2.2(0.44)

RMS bunch length [cm] 8

IP betafunction [m] 1.1 0.3

IP beam sizenjm] 6.8(3) 3.5 (1.6)

Max Vvfor 2 1Ps 0.01 0.03
(0.02)

Crossing angles| ] 12 Crab. Cav.

Turnaround time [h] 5 4

Daniel Schulte, FCC Week, Washington
DC, March 2015



Future Lepton Collider Experiments

CLIC
~ 500 fbl/ year

~ 20Mrad/ year In
the forward region

CLIC CDR

Parameter Units /s =500GeV /s=3TeV
6. mrad 18.6 20
frep Hz 50 50
b 354 312
At ns 0.5 0.5
N 6.8 -10° 3.72-10°
o, nm == 200 ~z 45
oy nm ~2.3 =8|
o, lm 72 44
B mm 8 4
By mm 0.1 0.07
L*# m 3.5 35
£ cm s~ ! 2.3-10% 5.9-10%
Lo em %51 1.4-10% 2.0-10%
mny 1.3 2.1
AE /E 0.07 0.28
Neon 2-10? 6.8- 108
E.on TeV 1.5-10! 2.1-108
Nincoh 8-10 3-10°
Eireon TeV 3.6-107 2.3.10%
Ny (Wyy, >2 GeV) 0.3 3.2

“ This value holds for CLIC_SiD, and has been used through-
out the accelerator studies for this CDR. For CLIC_ILD, the
corresponding value is 4.3 m.



Future Lepton Collider Experiments

energy/beam 45¢ 175GeV 105GeV
bunches/beam 50¢ 60000 4

beamcurrent 6.6¢ 1450 mA 3 MA

hor. emittance ~2 nm ~22 nm
emittanceratio g /e, 0.1% 1%

vert. IP beta functior,’ 1 mm 50 mm
luminosity/IP 1.5280x 164cm?s?  0.0012x 1G*cnr?s?t
energy loss/turn 0.037.55GeV 3.34GeV
synchrotronradiation power 100 MW 23 MW

RF voltage 0.3¢11 GV 3.5GV

20Mrad/ year In the

forward region Frank Zimmermann, FCC Week,
(estimate) Washington DC, March 2015
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Intrinsically RadHard Scintillators
HEM/ESR: supm film stack ofPoly(Ethylene2,6-Naphthalate)/PEN,
polyester, polyethylene terephthalate (PETintrinsic blue scintillation!

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

Pure PEN Tile used in
F u k|S h | m 85 u rvey M eter Fig.1 The inside of a survey meter. From the left.

a) lightshielding curtain of thin aluminum

foil, b) PEN sheet, ¢) acrylic sheet support,

d) reflection section of white celluloid, and 13
e} photomultiplier tube.



Intrinsically RadHard Scintillators PEN
Poly(Ethylene2,6-Naphthalate)/PEN:intrinsic blue scintillation!
425 nm; 10,500 photons/MeV;, short decay tinded

A LETTERS JourRnAL EXPLORING
it Frosmices or Puvsics July 2011

EFPL, 95 (2011} 22001 www.epljournal . org
doi: 10.1209/0295-5075/95/ 22001

Evidence of deep-blue photon emission at high efficiency
by common plastic

H. Naxamural>2®), ¥, Spirawawa?, 5. Takamasm! and H. Samuazu®

Table 1: Properties of the three samples used in the present study.

Material Polyethylene Organic scintillator Plastic bottle
naphthalate (ref. [14]) (ref. [13])
Supplier Teijin Chemicals Saint-Gobain Teijin Chemicals
Base (C1aH10O4)n (CoHyp)n (C1oHaO4)n
Density 1.33 g/cm® 1.03g/cm® 1.33 g/cm?
Refractive index 1.65 1.58 1.64
Light output ~ 10500 photon/MeV 10000 photon/MeV  ~ 2200 photon/MeV
Wavelength max. emission 425 nm 425 nm 380 nm

14



Intrinsically RadHard Scintillators PEN

100MRad(1 MGy) Radiation Resistande

N. Belkahla et al.,Space charge, conduction and photoluminescence measurements in gaaciased
poly (ethylene,6-naphthalate)Rad.Physics &Chemy101, August2014

Abstract: Polyethylenenaphthalatg PEN) thin films were subjected to gamma raysldterentdoses and
changes in both the dielectric aptiotophysicaproperties were investigatedamplesvere irradiated in

air at room temperature by means dd@Co gamma source atdmse rateof ~31 Gy/min. Total doses of
650kGy(344h) & 1023kGy550h) wereadopted.The high radiation resistance of PEN film is highlightec
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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

Newn S XSaintillators

AThe scintillators have a base
material, primaryfluor, and
secondanyfluor.

AThe main scintillation comes
from the primaryfluor.

logld of Fluorescence Emission

AThe secondarituor, or

waveshifter absorbs the
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Tests with Direct PMT Coupling

A Tiles tested: clean quartz, PEN andlSX
A Beam:Fermilabl120GeVproton beam

A Readout: Hamamatsu R760@00 directly coupled to the
edgeA Scope

Tile PMT
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Events / 0.5 Photoelectrons

PEN
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4 1-mm PEN tiles
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L Ly:l 11 RMS 1.67
- ' ¥2 / ndf 9929.27 / 23
10% = po 139559.73 £ 566.20
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Clean Quartz

012l Single tile with reflective
- wrapping
. 01
S+ 5 tiles with no wrapping
s L
% 0.08/
2 5 tiles with individual
S reflective wrappings
5 0.04/ _
oL 1 mm clean quartz tiles
0.02—
B 25
oL A R W e = fins i %2 / ndf 1.106 /6
5 0 5 10 15 20 25 L
Number of Photoelectrons 20 PO 1.3140.01748
_ _ FW @ 1/10 ~ 10 ns .
5 tiles with . 8L
wrapping 5 tiles ST
without %10__
wrapping 5 f
S
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