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YouYouYouYou havehavehavehave 120120120120 minutesminutesminutesminutes totototo finishfinishfinishfinish thisthisthisthis examexamexamexam paper.paper.paper.paper.
YYYYouououou cancancancan useuseuseuseChineseChineseChineseChinesewhenwhenwhenwhen writewritewritewrite downdowndowndown thethethethe answer.answer.answer.answer.
YouYouYouYou cancancancan useuseuseuse youryouryouryour dictionary.dictionary.dictionary.dictionary.
DoDoDoDo notnotnotnot cheat.cheat.cheat.cheat.
1-151-151-151-15， 4444 pointspointspointspoints eacheacheacheach
1111 InInInIn aaaa YoungYoungYoungYoung’’’’ssss double-slitdouble-slitdouble-slitdouble-slit experiment,experiment,experiment,experiment, thethethethe slitslitslitslit separationseparationseparationseparation isisisis doubled.doubled.doubled.doubled. ToToToTo maintainmaintainmaintainmaintain thethethethe samesamesamesame
fringefringefringefringe spacingspacingspacingspacing onononon thethethethe screen,screen,screen,screen, thethethethe screen-to-slitscreen-to-slitscreen-to-slitscreen-to-slit distancedistancedistancedistanceDDDD mustmustmustmust bebebebe changedchangedchangedchanged to:to:to:to:
A.A.A.A. D/2D/2D/2D/2

B.B.B.B. D/D/D/D/ 2

C.C.C.C. DDDD**** 2

D.D.D.D. 2D2D2D2D
E.E.E.E. 4D4D4D4D
[[[[ ]]]]
2222 MonochromaticMonochromaticMonochromaticMonochromatic light,light,light,light, atatatat normalnormalnormalnormal incidence,incidence,incidence,incidence, strikesstrikesstrikesstrikes aaaa thinthinthinthin filmfilmfilmfilm inininin air.air.air.air. IfIfIfIf λλλλ denotesdenotesdenotesdenotes thethethethe
wavelengthwavelengthwavelengthwavelength inininin thethethethe film,film,film,film, whatwhatwhatwhat isisisis thethethethe thinnestthinnestthinnestthinnest filmfilmfilmfilm inininin whichwhichwhichwhich thethethethe reflectedreflectedreflectedreflected lightlightlightlight willwillwillwill bebebebe aaaa
maximum?maximum?maximum?maximum?
A.A.A.A. MuchMuchMuchMuch lesslesslessless thanthanthanthan λλλλ
B.B.B.B. λλλλ/4/4/4/4
C.C.C.C. λλλλ/2/2/2/2
D.D.D.D. 3333λλλλ/4/4/4/4
E.E.E.E. λλλλ
[[[[ ]]]]
3333 ConsiderConsiderConsiderConsider aaaa single-slitsingle-slitsingle-slitsingle-slit diffractiondiffractiondiffractiondiffraction patternpatternpatternpattern causedcausedcausedcaused bybybyby aaaa slitslitslitslit ofofofof widthwidthwidthwidth a.a.a.a. ThereThereThereThere isisisis aaaaminimumminimumminimumminimum ifififif
SinSinSinSinθθθθ isisisis equalequalequalequal to:to:to:to:
A.A.A.A. exactlyexactlyexactlyexactly λλλλ/a/a/a/a
B.B.B.B. slightlyslightlyslightlyslightlymoremoremoremore thanthanthanthanλλλλ/a/a/a/a
C.C.C.C. slightlyslightlyslightlyslightly lesslesslessless thanthanthanthanλλλλ/a/a/a/a
D.D.D.D. exactlyexactlyexactlyexactly λλλλ/2a/2a/2a/2a
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E.E.E.E. veryveryveryvery nearlynearlynearlynearly λλλλ/2a/2a/2a/2a
[[[[ ]]]]
4444WhenWhenWhenWhen lightlightlightlight ofofofof aaaa certaincertaincertaincertainwavelengthwavelengthwavelengthwavelength isisisis incidentincidentincidentincident normallynormallynormallynormally onononon aaaa certaincertaincertaincertain diffractiondiffractiondiffractiondiffraction gratinggratinggratinggrating,,,,
thethethethe linelinelineline ofofofof orderorderorderorder 1111 isisisis atatatat aaaa diffractiondiffractiondiffractiondiffraction angleangleangleangle ofofofof 25252525◦◦◦◦.... TheTheTheThe diffractiondiffractiondiffractiondiffraction angleangleangleangle forforforfor thethethethe secondsecondsecondsecond orderorderorderorder
linelinelineline is:is:is:is:
A.A.A.A. 25252525 degreesdegreesdegreesdegrees
B.B.B.B. 42424242 degreesdegreesdegreesdegrees
C.C.C.C. 50505050 degreesdegreesdegreesdegrees
D.D.D.D. 58585858 degreesdegreesdegreesdegrees
E.E.E.E. 75757575 degreesdegreesdegreesdegrees
[[[[ ]]]]
5555 TwoTwoTwoTwo eventseventseventsevents occuroccuroccuroccur onononon thethethethe xxxx axisaxisaxisaxis separatedseparatedseparatedseparated inininin timetimetimetime bybybyby ∆∆∆∆tttt andandandand inininin spacespacespacespace bybybyby∆∆∆∆x.x.x.x.AAAA referencereferencereferencereference
frame,frame,frame,frame, travelingtravelingtravelingtraveling atatatat lesslesslessless thanthanthanthan thethethethe speedspeedspeedspeed ofofofof light,light,light,light, inininin whichwhichwhichwhich thethethethe twotwotwotwo eventseventseventsevents occuroccuroccuroccur atatatat thethethethe samesamesamesame
time:time:time:time:
A.A.A.A. existsexistsexistsexists nononono mattermattermattermatterwhatwhatwhatwhat thethethethe valuesvaluesvaluesvalues ofofofof ∆∆∆∆xxxx andandandand ∆∆∆∆tttt
B.B.B.B. existsexistsexistsexists onlyonlyonlyonly ifififif ∆∆∆∆x/x/x/x/∆∆∆∆t<ct<ct<ct<c
C.C.C.C. existsexistsexistsexists onlyonlyonlyonly ifififif ∆∆∆∆x/x/x/x/∆∆∆∆t>ct>ct>ct>c
D.D.D.D. existsexistsexistsexists onlyonlyonlyonly ifififif ∆∆∆∆x/x/x/x/∆∆∆∆t=ct=ct=ct=c
E.E.E.E. doesdoesdoesdoes notnotnotnot existexistexistexist underunderunderunder anyanyanyany conditionconditionconditioncondition
[[[[ ]]]]
6666 AAAA spectralspectralspectralspectral linelinelineline ofofofof aaaa certaincertaincertaincertain starstarstarstar isisisis observedobservedobservedobserved totototo bebebebe ““““redredredred shiftedshiftedshiftedshifted”””” fromfromfromfrom awavelengthawavelengthawavelengthawavelength ofofofof
500nm500nm500nm500nm totototo aaaa wavelengthwavelengthwavelengthwavelength ofofofof 1500nm.1500nm.1500nm.1500nm. InterpretingInterpretingInterpretingInterpreting thisthisthisthis asasasas aaaa DopplerDopplerDopplerDoppler effect,effect,effect,effect, thethethethe speedspeedspeedspeed ofofofof
recessionrecessionrecessionrecession ofofofof thisthisthisthis starstarstarstar is:is:is:is:
A.A.A.A. 0.33c0.33c0.33c0.33c
B.B.B.B. 0.50c0.50c0.50c0.50c
C.C.C.C. 0.71c0.71c0.71c0.71c
D.D.D.D. 0.8c0.8c0.8c0.8c
E.E.E.E. cccc
[[[[ ]]]]
7777 TheTheTheThe diagramdiagramdiagramdiagram showsshowsshowsshows thethethethe graphsgraphsgraphsgraphs ofofofof thethethethe stoppingstoppingstoppingstopping potentialpotentialpotentialpotential asasasas aaaa functionfunctionfunctionfunction ofofofof thethethethe frequencyfrequencyfrequencyfrequency ofofofof
thethethethe incidentincidentincidentincident lightlightlightlight forforforfor photoelectricphotoelectricphotoelectricphotoelectric experimentsexperimentsexperimentsexperiments performedperformedperformedperformed onononon threethreethreethree differentdifferentdifferentdifferent materials.materials.materials.materials.
RankRankRankRank thethethethematerialsmaterialsmaterialsmaterials accordingaccordingaccordingaccording totototo thethethethe valuesvaluesvaluesvalues ofofofof theirtheirtheirtheirworkworkworkwork functions,functions,functions,functions, fromfromfromfromleastleastleastleast totototo greatest.greatest.greatest.greatest.

A.A.A.A. 1,1,1,1, 2,2,2,2, 3333
B.B.B.B. 3,3,3,3, 2,2,2,2, 1111
C.C.C.C. 2,2,2,2, 3,3,3,3, 1111
D.D.D.D. 2,2,2,2, 1,1,1,1, 3333
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E.E.E.E. 1,1,1,1, 3,3,3,3, 2222
[[[[ ]]]]
8888 OfOfOfOf thethethethe following,following,following,following, ComptonComptonComptonCompton scatteringscatteringscatteringscattering fromfromfromfromelectronselectronselectronselectrons isisisis mostmostmostmost easilyeasilyeasilyeasily observedobservedobservedobserved for:for:for:for:
A.A.A.A. microwavesmicrowavesmicrowavesmicrowaves
B.B.B.B. infraredinfraredinfraredinfrared lightlightlightlight
C.C.C.C. visiblevisiblevisiblevisible lightlightlightlight
D.D.D.D. ultravioletultravioletultravioletultraviolet lightlightlightlight
E.E.E.E. xxxx raysraysraysrays
[[[[ ]]]]
9999 ConsiderConsiderConsiderConsider thethethethe followingfollowingfollowingfollowing threethreethreethree particles:particles:particles:particles:
1.1.1.1. aaaa freefreefreefree electronelectronelectronelectronwithwithwithwith speedspeedspeedspeed vvvv0000
2.2.2.2. aaaa freefreefreefree protonprotonprotonproton withwithwithwith speedspeedspeedspeed vvvv0000
3.3.3.3. aaaa freefreefreefree protonprotonprotonproton withwithwithwith speedspeedspeedspeed 2v2v2v2v0000
RankRankRankRank themthemthemthem accordingaccordingaccordingaccording totototo thethethethewavelengthswavelengthswavelengthswavelengths ofofofof theirtheirtheirtheirmattermattermattermatterwaves,waves,waves,waves, leastleastleastleast totototo greatest.greatest.greatest.greatest.
A.A.A.A. 1,1,1,1, 2,2,2,2, 3333
B.B.B.B. 3,3,3,3, 2,2,2,2, 1111
C.C.C.C. 2,2,2,2, 3,3,3,3, 1111
D.D.D.D. 1,1,1,1, 3,3,3,3, 2222
E.E.E.E. 1,1,1,1, thenthenthenthen 2222 andandandand 3333 tiedtiedtiedtied
[[[[ ]]]]
10101010 AnAnAnAn electronelectronelectronelectron isisisis inininin aaaa one-dimensionalone-dimensionalone-dimensionalone-dimensional traptraptraptrap withwithwithwith zerozerozerozero potentialpotentialpotentialpotential energyenergyenergyenergy inininin thethethethe interiorinteriorinteriorinterior andandandand
infiniteinfiniteinfiniteinfinite potentialpotentialpotentialpotential energyenergyenergyenergy atatatat thethethethewalls.walls.walls.walls.AAAAgraphgraphgraphgraph ofofofof itsitsitsits probabilityprobabilityprobabilityprobability densitydensitydensitydensity P(x)P(x)P(x)P(x) versusversusversusversus xxxx isisisis shown.shown.shown.shown.
TheTheTheThe valuevaluevaluevalue ofofofof thethethethe quantumquantumquantumquantumnumbernis:numbernis:numbernis:numbernis:

A.A.A.A. 0000
B.B.B.B. 1111
C.C.C.C. 2222
D.D.D.D. 3333
E.E.E.E. 4444
[[[[ ]]]]
11111111TheTheTheThe magneticmagneticmagneticmagnetic quantumquantumquantumquantum numbernumbernumbernumbermmmmllll isisisismostmostmostmost closelycloselycloselyclosely associatedassociatedassociatedassociated withwithwithwith whatwhatwhatwhat propertypropertypropertyproperty ofofofof anananan
electronelectronelectronelectron inininin anananan atom?atom?atom?atom?
A.A.A.A. MagnitudeMagnitudeMagnitudeMagnitude ofofofof thethethethe orbitalorbitalorbitalorbital angularangularangularangularmomentummomentummomentummomentum
B.B.B.B. EnergyEnergyEnergyEnergy
C.C.C.C. zzzz componentcomponentcomponentcomponentofofofof thethethethe spinspinspinspin angularangularangularangularmomentummomentummomentummomentum
D.D.D.D. zzzz componentcomponentcomponentcomponentofofofof thethethethe orbitalorbitalorbitalorbital angularangularangularangularmomentummomentummomentummomentum
E.E.E.E. RadiusRadiusRadiusRadius ofofofof thethethethe orbitorbitorbitorbit
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[[[[ ]]]]
12121212 TheTheTheThe PauliPauliPauliPauli exclusionexclusionexclusionexclusion principleprincipleprincipleprinciple isisisis obeyedobeyedobeyedobeyedby:by:by:by:
A.A.A.A. allallallall particlesparticlesparticlesparticles
B.B.B.B. allallallall chargedchargedchargedchargedparticlesparticlesparticlesparticles
C.C.C.C. allallallall particlesparticlesparticlesparticles withwithwithwith spinspinspinspin quantumquantumquantumquantum numbersnumbersnumbersnumbers ofofofof 1/21/21/21/2
D.D.D.D. allallallall particlesparticlesparticlesparticles withwithwithwith spinspinspinspin quantumquantumquantumquantum numbersnumbersnumbersnumbers ofofofof 1111
E.E.E.E. allallallall particlesparticlesparticlesparticleswithwithwithwith massmassmassmass
[[[[ ]]]]
13131313 AccordingAccordingAccordingAccording totototo thethethethe kinetickinetickinetickinetic theorytheorytheorytheory ofofofof gases,gases,gases,gases, thethethethe pressurepressurepressurepressure ofofofof aaaa gasgasgasgas isisisis duedueduedue to:to:to:to:
A.A.A.A. changechangechangechange ofofofof kinetickinetickinetickinetic energyenergyenergyenergy ofofofof moleculesmoleculesmoleculesmolecules asasasas theytheytheythey strikestrikestrikestrike thethethethe wallwallwallwall
B.B.B.B. changechangechangechange ofofofof momentummomentummomentummomentum ofofofof moleculesmoleculesmoleculesmolecules asasasas thethethethe strikestrikestrikestrike thethethethewallwallwallwall
C.C.C.C. averageaverageaverageaverage kinetickinetickinetickinetic energyenergyenergyenergy ofofofof thethethethemoleculesmoleculesmoleculesmolecules
D.D.D.D. forceforceforceforce ofofofof repulsionrepulsionrepulsionrepulsion betweenbetweenbetweenbetween thethethethe moleculesmoleculesmoleculesmolecules
E.E.E.E. rmsrmsrmsrms speedspeedspeedspeed ofofofof thethethethemoleculesmoleculesmoleculesmolecules
[[[[ ]]]]
14141414 IfIfIfIf thethethethe temperaturetemperaturetemperaturetemperature TTTT ofofofof anananan idealidealidealideal gasgasgasgas isisisis increasedincreasedincreasedincreased atatatat constantconstantconstantconstant pressurepressurepressurepressure thethethethemeanmeanmeanmean freefreefreefree
path:path:path:path:
A.A.A.A. decreasesdecreasesdecreasesdecreases inininin proportionproportionproportionproportion totototo 1/T1/T1/T1/T
B.B.B.B. decreasesdecreasesdecreasesdecreases inininin proportionproportionproportionproportion totototo 1/T1/T1/T1/T2222

C.C.C.C. increasesincreasesincreasesincreases inininin proportionproportionproportionproportion toTtoTtoTtoT
D.D.D.D. increasesincreasesincreasesincreases inininin proportionproportionproportionproportion totototoTTTT2222

E.E.E.E. doesdoesdoesdoes notnotnotnot changechangechangechange
[[[[ ]]]]
15151515 AAAACarnotCarnotCarnotCarnot heatheatheatheat engineengineengineengine operatesoperatesoperatesoperates betweenbetweenbetweenbetween400K400K400K400K andandandand 500K.500K.500K.500K. ItsItsItsIts efficiencyefficiencyefficiencyefficiency is:is:is:is:
A.A.A.A. 20%20%20%20%
B.B.B.B. 25%25%25%25%
C.C.C.C. 44%44%44%44%
D.D.D.D. 80808080%%%%
E.E.E.E. 100%100%100%100%
[[[[ ]]]]

16-1816-1816-1816-18 10101010 pointspointspointspoints eacheacheacheach
16161616 AAAA Newton'sNewton'sNewton'sNewton's ringsringsringsrings apparatusapparatusapparatusapparatus isisisis totototo bebebebe usedusedusedused totototo determinedeterminedeterminedetermine thethethethe radiusradiusradiusradius ofofofof
curvaturecurvaturecurvaturecurvature ofofofof aaaa lens.lens.lens.lens.TheTheTheThe radiiradiiradiiradii ofofofof thethethethe nthnthnthnth andandandand (n(n(n(n ++++ 20)th20)th20)th20)th brightbrightbrightbright ringsringsringsrings areareareare measuredmeasuredmeasuredmeasured
andandandand foundfoundfoundfound totototo bebebebe 0.1620.1620.1620.162 andandandand 0.3680.3680.3680.368 cm,cm,cm,cm, respectively,respectively,respectively,respectively, inininin lightlightlightlight ofofofof wavelengthwavelengthwavelengthwavelength 546546546546
nm.nm.nm.nm. CalculateCalculateCalculateCalculate thethethethe radiusradiusradiusradius ofofofof curvaturecurvaturecurvaturecurvature ofofofof thethethethe lowerlowerlowerlower surfacesurfacesurfacesurface ofofofof thethethethe lens.lens.lens.lens.
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17171717 (a)(a)(a)(a) ByByByBy usingusingusingusing thethethethe dededede BroglieBroglieBroglieBroglie relation,relation,relation,relation, derivederivederivederive thethethetheBohrBohrBohrBohr conditionconditionconditioncondition mvrmvrmvrmvr ==== nfornfornfornfor thethethethe angularangularangularangular
momentummomentummomentummomentum ofofofof anananan electronelectronelectronelectron inininin aaaa hydrogenhydrogenhydrogenhydrogen atom.atom.atom.atom.
(b)(b)(b)(b) UseUseUseUse thisthisthisthis expressionexpressionexpressionexpression totototo showshowshowshow thatthatthatthat thethethethe allowedallowedallowedallowed electronelectronelectronelectronenergyenergyenergyenergy statesstatesstatesstates inininin hydrogenhydrogenhydrogenhydrogen atomatomatomatom
cancancancan bebebebe writtenwrittenwrittenwritten asasasas En=En=En=En=
(c)(c)(c)(c) HowHowHowHow wouldwouldwouldwould thisthisthisthis expressionexpressionexpressionexpression bebebebe modifiedmodifiedmodifiedmodified forforforfor thethethethe casecasecasecase ofofofof aaaa triplytriplytriplytriply ionizedionizedionizedionized berylliumberylliumberylliumberylliumatomatomatomatom
Be(Z=4)?Be(Z=4)?Be(Z=4)?Be(Z=4)?

18181818 (a)(a)(a)(a) AnAnAnAn idealidealidealideal gasgasgasgas initiallyinitiallyinitiallyinitially atatatat pressurepressurepressurepressure pppp0000 undergoesundergoesundergoesundergoes aaaa freefreefreefree expansionexpansionexpansionexpansion untiluntiluntiluntil itsitsitsits
volumevolumevolumevolume isisisis 3.003.003.003.00 timestimestimestimes itsitsitsits initialinitialinitialinitial volume.volume.volume.volume. WhatWhatWhatWhat thenthenthenthen isisisis thethethethe ratioratioratioratio ofofofof itsitsitsits
pressurepressurepressurepressure totototo pppp0000???? (b)(b)(b)(b) TheTheTheThe gasgasgasgas isisisis nextnextnextnext slowlyslowlyslowlyslowly andandandand adiabaticallyadiabaticallyadiabaticallyadiabatically compressedcompressedcompressedcompressed backbackbackback totototo
itsitsitsits originaloriginaloriginaloriginal vol-ume.vol-ume.vol-ume.vol-ume. TheTheTheThe pressurepressurepressurepressure afterafterafterafter compressioncompressioncompressioncompression isisisis (3.00)(3.00)(3.00)(3.00)1/31/31/31/3pppp0000.... IsIsIsIs thethethethe gasgasgasgas
monatomic,monatomic,monatomic,monatomic, diatomic,diatomic,diatomic,diatomic, orororor polyatomic?polyatomic?polyatomic?polyatomic? (c)(c)(c)(c) WhatWhatWhatWhat isisisis thethethethe ratioratioratioratio ofofofof thethethethe averageaverageaverageaverage
kinetickinetickinetickinetic energyenergyenergyenergy perperperpermoleculemoleculemoleculemolecule inininin thisthisthisthis finalfinalfinalfinal statestatestatestate totototo thatthatthatthat inininin thethethethe initialinitialinitialinitial state?state?state?state?
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19191919 ReadingReadingReadingReading (10(10(10(10’’’’))))
AfterAfterAfterAfter thatthatthatthat runrunrunrun endedendedendedended inininin OctoberOctoberOctoberOctober forforforfor itsitsitsits scheduledscheduledscheduledscheduled winterwinterwinterwinter shut-down,shut-down,shut-down,shut-down, FabiolaFabiolaFabiolaFabiola Gianotti,Gianotti,Gianotti,Gianotti,
spokespersonspokespersonspokespersonspokesperson forforforforATLAS,ATLAS,ATLAS,ATLAS, andandandandTonelli,Tonelli,Tonelli,Tonelli, thenthenthenthen spokesspokesspokesspokes personpersonpersonperson forforforforCMS,CMS,CMS,CMS, delivereddelivereddelivereddelivered aaaa specialspecialspecialspecial
seminarseminarseminarseminar totototo anananan overflowingoverflowingoverflowingoverflowing audienceaudienceaudienceaudience inininin thethethethemainmainmainmain CERNCERNCERNCERN auditorium.auditorium.auditorium.auditorium. BothBothBothBoth detectorsdetectorsdetectorsdetectors
independentlyindependentlyindependentlyindependently foundfoundfoundfound suggestivesuggestivesuggestivesuggestive bumpsbumpsbumpsbumps inininin thethethethe data.data.data.data.
WhatWhatWhatWhat’’’’ssss more,more,more,more, thesethesethesethese telltelltelltell taletaletaletale hintshintshintshints ofofofof aaaaHiggsHiggsHiggsHiggs bosonbosonbosonboson corroboratedcorroboratedcorroboratedcorroborated oneoneoneone another.another.another.another.BothBothBothBoth ATLASATLASATLASATLAS
andandandand CMSCMSCMSCMS reportedreportedreportedreported severalseveralseveralseveral dozendozendozendozen eventseventseventsevents aboveaboveaboveabove thethethethe expectedexpectedexpectedexpected backgroundbackgroundbackgroundbackground inininin whichwhichwhichwhich twotwotwotwo
photonsphotonsphotonsphotons camecamecamecame blazingblazingblazingblazing outoutoutout withwithwithwith combinedcombinedcombinedcombined energiesenergiesenergiesenergies ofofofof 125125125125 billionbillionbillionbillion electronelectronelectronelectron volts,volts,volts,volts, orororor 125125125125GeV.GeV.GeV.GeV.
(GeV(GeV(GeV(GeV isisisis thethethethe standstandstandstand ardardardard unitunitunitunit ofofofof massmassmassmass andandandand energyenergyenergyenergy inininin particleparticleparticleparticle physics,physics,physics,physics, aboutaboutaboutabout equalequalequalequal totototo aaaa protonprotonprotonproton
mass.)mass.)mass.)mass.) IfIfIfIf protonprotonprotonproton collisionscollisionscollisionscollisions hadhadhadhad createdcreatedcreatedcreated short-livedshort-livedshort-livedshort-lived HiggsHiggsHiggsHiggs bosons,bosons,bosons,bosons, theytheytheythey couldcouldcouldcould havehavehavehave decayeddecayeddecayeddecayed
intointointointo thesethesethesethese photons.photons.photons.photons.EachEachEachEach experimentexperimentexperimentexperiment alsoalsoalsoalso foundfoundfoundfoundaaaa fewfewfewfew surplussurplussurplussurplus eventseventseventsevents inininin whichwhichwhichwhich fourfourfourfour chargedchargedchargedcharged
leptonsleptonsleptonsleptons (electrons(electrons(electrons(electrons orororormuons)muons)muons)muons) carriedcarriedcarriedcarried offoffoffoff similarsimilarsimilarsimilar totaltotaltotaltotal energies.energies.energies.energies. TheseTheseTheseThese couldcouldcouldcould alsoalsoalsoalso havehavehavehave beenbeenbeenbeen
thethethethe resultresultresultresult ofofofof aaaaHiggs.Higgs.Higgs.Higgs. SuchSuchSuchSuch aaaa concurrenceconcurrenceconcurrenceconcurrence ofofofof signalssignalssignalssignalswaswaswaswas unprecedented.unprecedented.unprecedented.unprecedented. ItItItIt suggestedsuggestedsuggestedsuggested thatthatthatthat
somethingsomethingsomethingsomething realrealrealrealwaswaswaswas beginningbeginningbeginningbeginning totototo appearappearappearappear inininin thethethethe datadatadatadata....
YetYetYetYet givengivengivengiven thethethethe stringentstringentstringentstringent normsnormsnormsnormsofofofof particleparticleparticleparticle physics,physics,physics,physics, nonenonenonenone ofofofof thethethethe signalssignalssignalssignals observedobservedobservedobserved inininin 2011201120112011 werewerewerewere
strongstrongstrongstrong enoughenoughenoughenough totototo allowallowallowallow forforforfor claimsclaimsclaimsclaims ofofofof aaaa ““““discovery.discovery.discovery.discovery.”””” DataDataDataData peakspeakspeakspeaks andandandand bumpsbumpsbumpsbumps likelikelikelike thisthisthisthis hadhadhadhad oftenoftenoftenoften
provedprovedprovedproved ephemeral,ephemeral,ephemeral,ephemeral, meremeremeremere randomrandomrandomrandom fluctuations.fluctuations.fluctuations.fluctuations.AndAndAndAnd thethethethe successfulsuccessfulsuccessfulsuccessful springspringspringspring 2012201220122012 run,run,run,run, whichwhichwhichwhich
generatedgeneratedgeneratedgenerated moremoremoremore protonprotonprotonproton collisionscollisionscollisionscollisions inininin 11111111 weeksweeksweeksweeks thanthanthanthanhadhadhadhad comecomecomecome inininin duringduringduringduring allallallall ofofofof 2011,2011,2011,2011, couldcouldcouldcould
easilyeasilyeasilyeasily havehavehavehavewashedwashedwashedwashed outoutoutout thethethethe nascentnascentnascentnascent datadatadatadata peaks,peaks,peaks,peaks, smotheringsmotheringsmotheringsmothering themthemthemthem inininin backgroundbackgroundbackgroundbackground noise.noise.noise.noise.

QuestionQuestionQuestionQuestion :a):a):a):a) ForForForFor aaaa protonprotonprotonproton totototo havehavehavehave thethethethemassmassmassmass ofofofof thethethetheHiggesHiggesHiggesHigges boson,boson,boson,boson, HowHowHowHow muchmuchmuchmuch energyenergyenergyenergy isisisis
neededneededneededneededatatatat leastleastleastleast totototo accelerateaccelerateaccelerateaccelerate it?it?it?it? whatwhatwhatwhat isisisis thethethethe speedspeedspeedspeed ofofofof thethethethe protonprotonprotonproton then?then?then?then?

b)b)b)b) IsIsIsIsHiggsHiggsHiggsHiggs bosonsbosonsbosonsbosons chargedchargedchargedcharged orororor not?not?not?not?WhyWhyWhyWhy ????


