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RDMS groups involved in radiation hardness studies 

Kharkov, KIPT:   L. Levchuk, V. Popov, P. Sorokin

Kharkov, ISMA:  A. Boyarintsev, B. Grinev, P. Zhmurin

Minsk, NCPHEP:   I. Emeliantchik, A. Litomin, N. Shumeiko

Moscow, MEPhI: M. Danilov, O.Markin, V. Rusinov, E. Tarkovski

Tashkent, INP: E. Ibragimova, I. Nuritdinov, A. Tashmetov, B. Yuldashev

Dubna, JINR:   S. Afanasiev,  I.Golutvin, Yu. Ershov, A. Makankin,  A. Malakhov, P. Moisenz, V. Smirnov, S. 
Vasiliev, N. Zamiatin
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Pawel De Barbaro (University of Rochester ) participated in planning of these tasks

RDMS groups at Dubna, Kharkov, Minsk and Tashkent performed many 

studies of scintillator hardness.

Results of these studies were summarized in I.Golutvin’s talks at

the HE upgrade meetings. 

In my talk I will concentrate on  scintillator and WLS

fiber  radiation hardness relevant to Plan B. 



Expect doses at 300 fb-1 up to few Mrad

V.Alexakhin, Varna



We studied 2 scintillator-fiber combinations:

BICRON-408 (BICRON Co.) with Y11 WLS and EJ-260 (ELJEN Co.) with O2 WLS (Kuraray Co.).

Scintillator strip size was 60x12x4 mm3 with a groove in the center. Fiber diameter was 0.89mm

Light was collected with S12825-050C SiPM, HV= 66.7 V, gate 100ns, T ~ 22 C, X-talk~30%

Radiation hardness at high dose rates was measured using irradiation in Tashkent

For lower dose rates we use 5cm Pb shielding which provides dose reduction 

by a factor ~  9 (GEANT4-10.0 calculations)

This was tested by irradiation to similar doses with and without Pb

Resulting degradation of strips coincides within 15%

We measured the response of strips and fibers before and after irradiation at 

Kurchatov Institute Co60 source

Long term stability of the measuring setup was provided by 

measurements of reference strips.

Due to lack of experience with the new Co60 source and use of Pb shielding

delivered doses were slightly different for different dose rates.

Therefore results were extrapolated to the same round values of doses using

measured dependence of damage on the dose. 

For example 7.8Mrad was extrapolated to 7Mrad, 3Mrad ->4Mrad, 21.6 Mrad-> 20Mrad



Examples of light yield dependence on dose

Errors are estimated on the basis of multiple measurements



Radiation hardness of Strips&fibers and strips

Ratio of strip&fiber respose 

after and before irradiation

Ratio of strip response with a reference 

fiber after and before irradiation



Radiation hardness of Strips&fibers and strips

Measurements with 

irradiated fibers

Measurements with 

a reference fiber



Damage of Y11 fibers

No evidence for dose 

rate dependence

Fiber damage is smaller than 

strip damage
Ratio of fiber response in a reference strip

after and before fiber irradiation

Strip&fiber degradation is SMALLER than product of separately measured strip and fiber degradations !



Extrapolation from fit
of points at 4 and 7 MRad

Even after extrapolation to rate of ~0.1 krad/hour about 20% of light remains – should be OK with SiPM

SCSN91 should not be worse than BC408



Extrapolation from fit
of points at 4 and 7 MRad



Radiation hardness of EJ260 Strips & O2 fibers and EJ260strips

Ratio of strip&fiber respose 

after and before irradiation

Ratio of strip response with a reference 

fiber after and before irradiation



EJ260 strips light yield after irradiation

Measured with

Irradiated fiber

Measured with

reference fiber



Damage of O2 fibers

No evidence for dose 

rate dependence

Fiber damage is much smaller 

than strip damage

Ratio of fiber response in reference strip

after and before fiber irradiation

Very small O2 WLS fiber damage!



Extrapolation from fit
of points at 4 and 7 MRad

Radiation damage of EJ260 is smaller than damage of BC408

Sufficient light yield after 300fb-1 with SiPM readout



Extrapolation from fit
of points at 4 and 7 MRad



Neutrons cause serious reduction of light yield

but smaller than reduction due to expected gamma dose 

n irradiation at IBR2 (Dubna) n irradiation at IBR2 (Dubna)

γ doses at n fluences below 10^15 n/cm-2 are very small (below 1 Mrad)

γ dose at n fluence 2.6x10^15 n/cm-2  can be considerable (~ 5Mrad but accuracy is not known) 



O2 WLS fibers do not show any degradation due to n irradiation



Sigma tile (# 29) irradiated

by gammas from 60Co

also keeps sufficient light yield 

after 3 Mrad (~300fb-1)!

Can afford factor of ~2 LY 

reduction due to neutrons

SCSN-81 Kuraray 
scintillator

Existing calorimeter is made of sigma tiles, not strips



in range 6-54 mm
RMS/mean=2.9%

in range 6-54 mm
RMS/mean=3.4%

Scan direction

Tile #29 response is quite uniform even after 3 Mrad

(drop near edges is mainly due to finite size of beam)



Conclusions

LY of BC-408 scintillatior strips was reduced to ~46% after 4Mrad at 2.4 krad/hour

LY of EJ-260 scintillatior strips was reduced to ~57% after 4Mrad at 2.4 krad/hour 

Even after extrapolation to ~0.1 krad/hour dose rate light yield should be sufficient 

because of larger signal/noise ratio with SiPM readout

LY loss due to n irradiation is sizable but smaller than loss due to expected γ dose  

EJ260&O2  LY was reduced to ~90% after 1.2x10^14 n/cm^2

and to ~50% after 2.6x10^15 n/cm^2.  Unfortunately SCSN91 was not tested

Most probably LY will be sufficient even with the expected neutron fluence.

SCSN91 sigma tile with Y11 retains ~45% of LY after 3Mrad at 1krad/hour

Expect sufficient Light Yield after 300fb-1

However there are many extrapolations in these estimates. 

Moreover  environmental conditions at CMS can be different.

Therefore measurements at CASTOR table are very important.
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gateLED & random 
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trigger counter

90Sr β-source

collimator

Test setup layout (MEPhI)

Bias voltage for tested and trigger scintillator counters, LED pulse 
amplitude and frequency, source position are set from computer

SiPM

SiPM

Gate length is 100ns

HV=66.6 V,  T=22 C

Xtalk = 0.3

S12825-050C



Dose rate effect (BICRON-408 fingers, tile #29)

Amplitude spectra from fingers 
irradiated to 25Mrad (60Co) with 
different dose rates: 
0.6Mrad/hour (a), 
0.2 Mrad/hour (b), 
0.04 Mrad/hour (c), 
0.02 Mrad/hour (d).  
The first peak in all figures is a 
pedestal.

22I. Golutvin, HE Upgrade beyond phase I



Light yield improvement

Mirror gives factor 1.35 and gel gives factor 1.41!
23I. Golutvin, HE Upgrade beyond phase I







Shapes for BICRON+Y11 and EJ260+O2

26I. Golutvin, HE Upgrade beyond phase I

Rise time (10-90%) for BC/Y11 and EJ/O2 are 11.2 and 13.2ns correspondingly.
So the difference is small.



Dose rate effect (BICRON-408 fingers, tile #29)

Amplitude spectra from fingers 
irradiated to 25Mrad (60Co) with 
different dose rates: 
0.6Mrad/hour (a), 
0.2 Mrad/hour (b), 
0.04 Mrad/hour (c), 
0.02 Mrad/hour (d).  
The first peak in all figures is a 
pedestal.

27I. Golutvin, HE Upgrade beyond phase I



Light yield improvement

Mirror gives factor 1.35 and gel gives factor 1.41!
28I. Golutvin, HE Upgrade beyond phase I



Fingers vs neutron fluence and gamma dose
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Bicron

EJ260

γ+n (Dubna, IBR) 

neutron fluence - arround 2.*1015

Film dosimeter – 6.5 MRad

γ only (Tashkent, 60Co irrad)

I. Golutvin, HE Upgrade beyond phase I







“Effective Strips” can be made simply by inserting 8 fibers in a big tile

Response of one fiber Response of 8 fibers is flat



Dose [Mrad] 5.5 26 25 

Rate [krad/h] 2 35 18 

YSO crystals 1.088 0.986 0.883

GPS crystals 1.089 0.766 0.705

Light yield fraction after irradiation

GPS
YSO

BICRON



Low doses and dose rates
(60Co irradiation)

Tile #29 (SCSN-81) and gamma films in plastic box 
Relative light yield vs dose rate for tile #29

34

Unpredictable degradation of plastic scintillators at 30 fb-1 can be explained with 
dose rate effect!

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0.1 1 10 100 1000

re
la

ti
ve

 li
gh

t 
yi

e
ld

dose rate, kRad/h

SCSN-81 29 tile

dose=600KRad

dose=250KRad



Existing calorimeter is made of sigma tiles, not strips
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Radiation damage analysis of existing sigma tiles at 700 fb-1 (survivability by the LS3) have to 
be continued for low dose rate. 

I. Golutvin, HE Upgrade beyond phase I


