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The Standard Model (SM) of Particle Physics has been a major success in describing ** e : Some of the CMS trigger electronics components have to be mounted on the SOFT N EUTRO N RADIATION

the hierarchy of fundamental particles comprising visible matter in the Universe and detector in order to maximize the efficiency, which causes them to be

their interactions, providing an important insight into the evolution of the Universe. exposed to high levels of radiation. The main challenge in terms of radiation
Despite its many successes, our understanding of the elementary particles is e effects is posed by neutrons due to their long litetimes and signiticant
incomplete, e.g. the SM cannot explain the hierarchy of particle masses, origin of dark ~ %..[  *= potential for damaging electronics. The major radiation damage seen by
matter oF incorporate gravity in the same way as other known forces. Furthermore, one [/ = electronics are Single Event Upsets (SEUs) and accumulated degradation ot [t
of the critical parts of the SM, the Higgs boson responsible for giving particles their silicon components. SEUs are caused by hard neutrons, or high energy
masses, has not yet been observed experimentally, prompting further studies. radiation, and are a non-permanent corruption of data. An accumulated

. displacement of silicon crystals occurs when the electronics are exposed to
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We can determine the radiation hardness of several proposed electronic
components by soft neutron exposure or irfadiation from low energy
neutrons. These tests were done at the Nuclear Science Center (NSC)
nuclear reactor. The first exposure of neutrons was the equivalent to the
total radiation seen by CMS over its lifetime, or ten years of radiation in
CMS. The second exposure is soon to follow and will be the equivalent of
the next fifteen years worth of radiation to be seen by CMS. The
survivability of voltage regulators based on pre and post irradiation data
indicates that some circuits will definitely fail, some circuits demonstrate
partial recovery due to annealing, and some circuits will continue to work

soft neutrons, or low energy radiation.
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Conditions of the early Universe can be reproduced with particle colliders, where QAU ot et oo o | 1o det_ermme minimal requirements for (?Iectromcs, one f|r_s t needs to even after being exposed to high levels of irradiation. We found several
: s : _ ) iy ’ T P L establish the expected neutron rates. While several simulation-based - : ‘ - ‘
there 1s an abundance of all kinds of particles. These machines accelerate “everyday T e circuits that meet the requirements for the robust operation of CMS.

predictions are available, the reliability of those predictions has long been
guestioned. A recent measurement of neutron-induced hits in the CMS muon
chambers(the flux of neutron-induced hits per layer of CSC chamber)
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particles to relativistic speeds before colliding them at high energies allowing for the
production of heavy particles, e.g. the Higgs boson, which will quickly decay into
lighter particles. To detect the production of a new particle, experimental detectors are
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built around the collision point . Detectors identify and retrace the decay products of a — provides an opportunity to check the neutron simulation tools. ﬁEggE /_I\E?OIEIS\./OLTAGE
collision in order to fully reconstruct the interaction. Currently the Large Hadron CO MPARISON OF SIMULATIONS AND DATA MEASUREME VR? - voltage reralng conctaree -
Collider (LHC) accelerator in Europe is the world’s largest particle accelerator, hefore and a?ter o diation 2 - .
encompgssmg al7 mslle dradqllusd with the cer:er of mass energy of 14 TeV. " Three simulati_on pred_i ctions available to compare: Simulation and data re|at|ongh|9 VRT - voltage drops, seeing no 2 oo
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data, but less validated) eXposure Data EVALUATION OF ELECTRONICS TOLERANCE
i« A e Neutron-induced hit flux in CSC, L = 1 9x10% cm2s™! For the most part, the data agrees _ _ = __ :
N e 0 R TS by o e N S SR [ ————— with the simulation results within Hard neutron exposure is also required when determining radiation hardness of electronics. In
SO A W X S ﬁ 2 B simuiation from CMS TOR an acceptable range. The our study, we used a 55 MeV proton beam from the K500 Cyclotron to mimic hard neutron
Compact Muon Solenoid & ol b T TR T 1.8 [ Simulation: QGSP_BERT_HP simulations give a reasonable exposure. The K500 Cyclotron uses an ionized hydrogen (proton) beam and observes energies
— . = 1.6 s oo P AT | representation of the actual ranging from 8 MeV to 70 MeV. Due to a protons positive charge, the beam can be steered and
CO |\/| PACT |\/| U O N SO |_ E N O | D = C > 14 R SRS SN AU SN S ST S S o exposure rates in the CMS focused using magnets. In this fashion, we are able to focus and expose each TMB component
S o : — : : g =R NN U WS U SN S DU A, J| cavern. for approximately 90 minutes, which is the equivalent of one year of radiation exposure seen by
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flagship detectors at the LHC. In addition to many components designed to identify <SPS RN R et WA N R S S - the exposure as?d On preliminary _Ob?eﬂ./a,:ioss i d
different particles, CMS utilizes state of the art fast electronics-based data acquisition | 5 "E—4— e e CLHC we made the following preliminaty
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SY ST EM U » G R AD E c be mitigated somewhat. We will not know
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* High energy (hard) neutrons lead to single event upsets

the environment of high :
* Low energy (soft) neutrons lead to high accumulated exposure

radiation levels.
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