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KoMIibroTEpHBIE TEXHOJIOTUU B PU3HUKE
3JIEMEHTAPHbIX YACTUII,

O6paboTKa JJaHHBIX
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BBeneHue

B paHHMX aKcnepumeHTax B Gu3nKe yactuy, (actpodusmnke,...) MOKHO bbino
3aperncTpuposaTtb 04HO cobbITME U caenaTb OTKPbITUE. B COBpEMEHHbIX
3KCNEepMMEHTaX UCCeayrTCA OYEeHb PeaKUe AN O4YeHb cnabble ABNeHUA, ANA UX
N3y4yeHna HeobxoANMMO NPOaHANN3UPOBATb OTPOMHbIA MAaCcCUB AAHHbIX.

Ob6bem gaHHbIX B Hebosbwom skcnepmumenTe: 1-100 Th
Ob6bem AaHHbIX B bonbwmnx akcnepmmenTax: 100 Tb — 10 Mb
Ob6bem JaHHbIX B 3KCNepumMeHTax caeaytouiero nokoneHma: 10 Nb -1 36

AHanu3 AadHHbIX YCNOXKHAETCA MHOXECTBOM (I)aKTOpOBI
»He Bce yacTuubl PErMcTpuUpyroTCA B AETEKTOPE — B AETEKTOpE ecTb “cnenbie” 30Hbl.

»CnUCTEeMbI AeTEKTOPA U3MEPAIOT NapaMeTpbl YacTUL, He C BECKOHEYHOM TOYHOCTbIO —
HeobXoAMMO YUUTbIBATb paspelleHne n ocobeHHOCTU PaboTbl U3MEPUTENIbHOM CUCTEMDI.

»He Bcerga yaaetca YyHUKaNIbHO MAEHTUOULMPOBATL TUMN YaCcTULbI, LN ONPEaeNnTb, CKO/IbKO
4acCTUL, NPOLLJIO YEpPEe3 PErUCTPUPYIOLLYIO CUCTEMY — HEOBXOAMMO YYNTbIBATb 3PPEKTUBHOCTD,

$OH.

»HeBO3MOKHO 3aperncTpnpoBaTb Bce cobbITUA — HE0bX0ANMMO 0TObpaTb MHTEpPECYIOLLMNE
CObbITMA N NPOaHANU3MPOBATb, KaK KPUTEPUM OTOOPA BAUAIOT HA Pe3y/bTarT.
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OT CbIPbIX JadHHBIX K OTKPbITHAM

Echn npeactasnatb 06paboTKy AaHHbIX SKCNEPUMEHTA B BUAE YEPHOTO
ALWMKa, TO Ha BXoA 3Toro AwmKa noctynaet 1 Tb (1 MB, 1 3B) cbipbix AaHHBIX,
a Ha Bbixoae nybankyetcsa ~100 cTaTer B HayyHbIX XKypHanax (~1 I'b).

Cbipble | | Hay4HbIn
NaHHble Obpabotka pesynbTart
DaHHbIX )
1Tb—-136 | 100 crateu

Kak poctnub pakTopa cxkatnsa 103-10°? CocTaBHble 3/1eMeHTbl 06paboTKM
JaHHbIX:

XpaHeHune, KnaccnpumKkaumsa n otbop AaHHbIX
KannbpoBKa cuctem geTteKktopa
PeKOHCTPYKUMA AaHHbIX

MopgennpoBaHue N3amepuTenbHOMU CUCTEMbI
dunsmyeckmm (Hay4Hbl) aHanm3
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[IpuMep: cocTaBisolKe 06paboTKy Jant IR HaE "
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[IpuMep: U3MepeHUe ceueHUd

CeyeHune — BepOATHOCTb TOro, YTO NPOU30OMNAET CODbITUE ONpeaeIeHHOro Tuna.
OrpomMHO€e KONMYEeCTBO 3HaHUM O TOM, Kak YCTPOEH MUP, OCHOBAHO Ha M3YYEeHWUU TOrO,
KaK ceyeHue 3aBMCUT OT TMMNa CObbITUA, SHEPTUN, YINIOB, ...

Yncno oTobpaHHbIX COObITUN Yncno cobbiTnn poHa
(unbTpaums, peKOHCprKum)\ / (MogenupoBaHue, punbTpauns)
N obs N bg
CevyeHne B HO o =
e- [ Ldt
IPMEKTUBHOCTL PEFUCTPALIK NHTerpan ceeTumocTu B 1/HO
(MogenunposaHue)

Llenb — n3meputb cedeHmne ¢ Hauaydllen OoTHOCUTENIbHOM TOYHOCTbIO. B npocTeiiwem
cay4yae MUHUMUSUPYEM:

— ]t
g (Nobs + Nbg) £

55 _ |8Ngps + 6N, ” 5L\ 55)2
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JTanbl 00pabOTKHU JaHHbIX

Ob6paboTka gaHHbIX — Bcerga MHOrMOypoBHEBbLIM Mnpouecc. Ha kaxagom Lware
00paboTkn 06bEM AaHHbLIX YMEHbLUAETCS, a YPOBEHb X abCcTpakumn pacTteT.

JTanbl,
BbIMNONTHAEMbIE Ha
oonbLUMX
LeHTparbHbIX
Knacrtepax, B
naeane — oauH
pa3

JTanbl,
BbINOJTHAEMbIE
MHOIOKpPaTHO BO
MHOIMX MecTax

<

N/

~

RAW
«Cblpble»
,D,al-i’Hble
KannbpoBaHHbIe
,D,alilele

ESD, DST
PekOHCTpynpoBaHHbIe
D,al-iHble
AOD

CxaTbI MaccuB

.El,al-iH bIX \

JaHHble ANA KOHKPEeTHOro
aHa‘rmsa

DPD

\ N

PesynbTaTr
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Kanub6poBaHHbIE JaHHbIE

[laHHbIE C
aremMeHTa
RaHHbie ¢ perncTpupyoLlen
KaHana Colpble 5 | KannbpoBaHHbI CUCTEMbI, B
9NEKTPOHUKM, OaHHble e JaHHble cbU3MUECcK
B kaHallax OCMbICIEHHbIX
ALN eaunHuLlax
NHdbopmavumsa NHdbopmaums [‘eomeTpuyecka
O NapameTpax o) S MHGbopMaLund
KaHanos HepaboTatoLu
CUCTEMDbI X KaHanax,...
\ J

v
ba3sa gaHHbIX ¢ MHdOpMaUneN, 3aBUCSLLEN OT BPEMEHN

[Mpouenypa nony4vyeHus KanmbpoBoYHON MHOPMAaLUN YHUKaNbHA AN KaX40W

CMQTeMbI' KomnbtoTepHble TexHonorum B P3Y. ObpaboTka gaHHbIX. JloraweHko U.b.
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KanubpoBka

flpouecc KanMbpoBKM YHUKANEH ANS KaXAOU W3MEpUTENbHOM MOACUCTEMDI (nnm
Knacca noacucrtem). Kak npasmno, BO3MOMXKHOCTU NpoBeaeHUA KannbpoBKW OONXKHbI
ObITb 3a10}KeHbI eLLe Ha 3Tane NPOeKTUPOBAHMA AETEKTopa.

PacnpocTpaHeHHble noaxoapi:

g

CneumanbHbie CUCTEMBI: NasepHan KanmbposKa (nyd4 nasepa — MaeanbHO NpaAmasn
NIMHUA), KBHEAPEHHbIE» PaAN0AKTUBHbIE NCTOYHUKKU, CBETOANOADI, ...

Mcnonb3oBaHue camux U3mepsaembiX AaHHbIX: KOCMMYECKMe 4YacTuubl, KaHanbl C
MOHOXpOMaTHMYECKMMHK YacTuuammn (Hanpumep, eTe™ — e"'e-), yyeT CAy4yamHOCTH
BXOAHbIX AaHHbIX (Hanpumep, KanubposBka BpemeHu apenda), noabop
KanmbpoBOYHbIX MapamMeTpoB TakK, 4YTObObl AOCTUYb HAWAYYLWEro paspeleHus,
CpaBHEHME C MOAENUPOBAHUNEM,...

Kak npaeuio, KanubpoBKa NpoOM3BOAUTCA NEPUOAMYECKM, U B NEpUoa, MeKAy
nposeseHnem KanambpoBOK Ba)KHO OCYLLECTBAATb MOHWTOPUPOBAHME MNapameTpos
M3MEPUTENBHOMN CUCTEMBI.

KannbposoyHble napameTpbl (KosdpoduuUMeHTbl nepecyeta, CNUCKKM HepaboTarowmx
KaHaNoB W T.M.) AO/MKHbI XpPaHUTbCA B 6a3e AaHHbIX KannbpOBOK BMecCTe CO BCEW
MCTOPUEN.

KomnbtoTepHble TexHonorum B P3Y. ObpaboTka gaHHbIX. JloraweHko U.b.



[IprMep: KaJn6pOBKa MOJI0XKeHUs d1eMePrgy ™
TPEKOBOH CUCTEMBI

// — = =) //,
e ]
NoeanbHas B peanbHoCTH be3s yyeTa peanbHOro
cucrtema NONOXEHUS Kamep NONOXEeHUs Kamep
OTnM4yatoTcsl oT yXyALwaeTca TOYHOCTb
naearnbHbIX N3MepPEHUst KOOpAnHaTbI

Npoea kannbdposkn: nogobpaTb NOSIOKEHUS
9JIEMEHTOB TaK, YTOObl MUHUMU3NPOBATL

paccTtodaHune Mexay TOYKaMu 7

TpaeKTOpMeVI anga 6onbLlIoro Konu4yecTtBa T

YacTUL, — COTHM TbiCcAY NnapameTpoB! ./l/
tracks hits /

x2(p,q) = Z er}(p;q;)Vi}lru(p,qf)
Jj [
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PeKOHCTpYKIIUA JAaHHBIX

3agava stana PekOHCTPYKUMM AaHHbIX — HaWTW, KakMe 4acTuubl Bbi3Banu
cpabaTbiBaHME CUCTEM AETEKTOpA, U onpeaennTb NX napameTpbl. OTO CMOXHbIN
MHOrOCTaguNHbIA NpoUecc, AONs PEKOHCTPYKUUUM MNPUMEHSIETCA MHOXECTBO
pPasfM4YHbIX anropuTMOB U CIIOXHas cTaTucTndeckasa obpaboTka.

KOHKpeTHble anroputMbl, MPUMEHAEMble ONA  PEKOHCTPYKUMW  OaHHbIX,
BblOMpatoTca ncxoasa n3 oCObEeHHOCTEN KOHCTPYKLUMN AeTeKTOpa U OCOBEHHOCTEN
PErMCTPUPYEMBIX AaHHbLIX (Hanpumep, MHOXECTBEHHOCTM 4YacTul, B KOHEYHOM
COCTOSAHUWN).

TunnyHas cxema PEKOHCTPYKLUMKM OaHHbIX B 3KCrepuMeHTe B PBO:
*PeKoHCTpYKUNS 3apsKeHHbIX YacTul,

*PeKOHCTPYKLMA HEeNTparbHbIX YacTuL,

‘NgeHTndmnkayma 4yactuu

*PeKkoHCTpyKUMS BEPLUMH B3anMoaencTemd

*PeKoHCTpyKUMA KUHEMATUKM B3aUMOLENCTBUSA

PesyrnbTatbl PEKOHCTPYKUUM COXPaHATCA B BUAE KOSMSIEKUUM  TPEKOB,
KnacTepoB, BEPLUUH,... - Event Summary Data (ESD).

10 KomnbtoTepHble TexHonorum B P3Y. ObpaboTka gaHHbIX. JloraweHko U.b.
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PeKOHCTpYKLUA 3apsi>KeHHbIX yacTul] (1)

3apsaKeHHble YacTuLbl PEMMCTPUPYIOTCHA TPEKOBOW CUCTEMOWM, KanopuMeTpoM U
MIOOHHOMN CUCTEMOMN.

Kak NnpaBuI1o, TPEKOBaAdA CUCTEMa NomMeleHa B MarHMTHoe riosie, 4YTo No3BOJIAeT
onpeanenntb NMMyrbC 3ap9|)KeHHOI7I YacTunubl.

3agada pPeKOHCTPYKUMK: NO OTAENbHbIM 3aperncTpupoBaHHbLIM TOYKaM (XUTam)
BOCCTAaHOBUTb TPAEKTOPUIO OABWXKEHUA YacTuubl (TPeK) U ee napameTpbl (TOYKY
BblfieTa, yrosm, UMnynsc,...)
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PeKOHCTpYKLUA 3apsi>KEeHHbIX YyacTulj (2)

Kak npaBuno, 3agada peKoOHCTPYKLUNKM TPEKOB pacnagaeTcs Ha ABe noa3agavdut:

* MOMCK TPEKOB
BbligeneHne nogMHOXeCTB TOYEK, KOTOPble NpuUHaasiexxat 04HOMY TPEKY:
NouckK “kopnaopos”, npeobpasoBaHme Xbto, TEPALMOHHbLIN MOUCK B
NPOCTPaHCTBE NapameTpoB, HEMPOHHbLIE CETHN,...

 onpegeneHne napameTpoB Tpeka («NoAroHKa»)
Ctatucrtunyeckasa obpaboTtka: MeToa HaMMeHbLUMX KBaapaToB, PUnbTp
KanmaHa,...

NHorga 911 warn BbINOMHAKT COBMECTHO.

CrnoXHOCTW:

*TpaekTopmsa 4acTuubl MOXET CUMbHO OTNMYATbCA OT MPSAMON NUHUK UMK
cnnpanm — oHa UckaxaeTtcs cnyvYanHbIM Unn cuctemaTM4yecknm obpasom 13s-3a
NOTEPM IHEPINU 3a CHET NOHU3ALNU U MHOTOKPATHOIo paccesiHus.
*/I3Ha4anbHO HEN3BECTHO, K KAKOMY TPEKY OTHOCUTCS KaXKabIN XUT.
«3apskeHHasi YacTmua B3aMMOL4ENCTBYET C BELWECTBOM Ha MPOTSKEHUU BCEN
TpaeKkTopun, a PErmcTpmpyeTcs TONbKO Ta YacTb TPaekTopuun, KoTopas nonana
B YYBCTBUTESIbHbIN OOBbEM CUCTEMBI.

*HeobxoanMocCTb y4yeTa HEOAHOPOAHOCTEN MArHUTHOrO MOSS.
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[Ipumep: Tpeku B KM/I-3
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[IpuMep: npeobpasoBaHre XbO

Kaxxgom Touke B pealilbHOM MPOCTPaHCTBE cooTBETCTBYET JINHNA B
NPOCTPAHCTBE NApPaMETPOB
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PeKOHCTPYKLIUS HEUTPaAJbHbIX YaCTHI]

HelTpanbHble YacTULbl PEFMCTPUPYIOTCA B OCHOBHOM TONbKO KaZlOPUMETPOM.

HeKkoTopble HEMTPasbHbIE YacTULbl PEKOHCTPYUPYHOTCA TONbKO NO MNPOAYyKTam CBOEro
pacnaga (HeiTpanbHbIM UMK 3apAxeHHbIM): Hanpumep, T° no asym doTtoHam, uam K
No ABYM 3apAXKeHHbIM MMOHaM.

3apa4ya PeKoHCTPYKUMKM: MNO OTAeNbHbiM cpaboTaBwmMM 3nemeHTam  KasopumeTpa
chopmupoBaTb Knactepbl WM BOCCTAHOBWUTL NapameTpbl (3Hepruto, HanpasaeHwue
ABUXKEHWA) 4acTUL,, KoTopble Bbi3Banu cpabaTtbiBaHWe KanopumeTpa.

CNoOX»HOCTU:
* JHeprosblaeneHne B KANOPUMETpPE 3aBUCUT OT TUNA YaCTULLbI.
* KnacTtepbl OT pasHbIX YacTUL, MOTYT NEepPeKpbIBaTbCA.

. aHEpFDBbI,ﬂ,EﬂEHME CTpYFI B a,ﬂ,pDHHDM Hannpumeme CUNbHO 3aBHACKUT OT
3N1EKTPOMArHUTHOM COCTaBNAIOLLEM.

CywiecTByeT MHOXECTBO a/NroputmoB GOPMMPOBAHUA KNACTEPOB, pPasAeNeHus
Ha/NIOMKUBLUMXCA KNACTePOoB U T.1.
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Jlpyrue marv peKOHCTPYKLUHU

1. NpeHtmdurauma yactuy — onpeseneHue Tuna 3apAXKEeHHOW WAM HEeUTpanbHOM
4acTULbI NO OTKAUKY AeTeKTopa. [na naeHTUdUKaLMM YacTUL, MCNONb3YIOTCA:

*  CcneuuanusMpoBaHHble AETEeKTOPHble CUCTeMbl. MOPOroBble 4YepeHKOBCKUe
cyetumkn, RICH, nsmepeHue noHnsaumoHHbIX NoTePS,...

* obbeauHeHne MHPOpPMaLMKU C pasHbIX NOACUCTEM. HANpUMep, Y-KBaHT, ec/u
eCTb KNacTep, HO HeT TpekKa.

2. BoccraHoeneHMe BeplwMH — MNOUCK ObOWeRn TOYKM BblneTa ANA  HECKONbKMUX
3apAXEHHbIX WAW HEeWTPanbHbIX YacTuy. BnonHe pewaemaa 33ajava B cayyae
NepBMYHON BEPLIMHbLI, U OYEeHb C/I0XKHAA 33Ja4ya B CAy4yae MNOUCKA BTOPUYHbIX
(pacnaaHbix) BepwmH. CywecTByeT MHOXECTBO a/irOPUTMOB NOUCKA BEPLUUHBI.

3. BoccraHoBneHue KMHEmMaTtukuM cobObITUA, «KUHEeMATUYeCKUUn GuT» - MOXKHO
YyAydLWKUTb TOYHOCTb oOnpeaeneHuMA napameTpoB YacTuy, eCcan Y4ecTb 3aKOHbI
COXpPaHeHUA 3Heprum n umnynsca. [ina atoro ctpoutca pyHKUmMA npasgonogobus, 8
KOTOPOM 3aKOHbl COXPaHEHWA yyTeHbl B BUAEe MHOXUTenen JlarpaHxka. OcHoBHaA
CNOMHOCTb COCTOMT B MPaBU/IbHOM Yy4yeTe B/IMAHMA paspelleHna U3mMepuTe/IbHOM
CUCTEMbI C y4EeTOM BCEX KOppenayuuu.

16 KomnbtoTepHble TexHonorum B P3Y. ObpaboTka gaHHbIX. JloraweHko U.b.
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OpraHu3sauys NporpaMMbl PEKOHCTPYKIIUU

PEKOHCTPYKUMA OaHHbIX — 3TO CIIOXHbIA MHOrocTagunHbIi  Npouecc, and
PEKOHCTPYKUUN MPUMEHAETCA MHOXECTBO PasfiMYHbIX anropuTtMOB U CrOXHas
cTaTucTndeckasi obpaboTka. [NoaTomMy nporpaMmmbl PEKOHCTPYKLMK, KaK NpaBuno,
OpraHn3oBaHbl Kak CUCTEMbI MOAYI1EeW, CBA3AHHbIX €ANHBLIM KapKacoMm.

[Mpmep cTaguimn PeEKOHCTPYKLUUN:

[Touck TpekoB B [Touck TpekoB B [Mouck
BEPLUMHHOM apendoson KracTepos B
aeTekTope Kamepe KarnopumeTpe
Ob6begnHeHune l
TPEKOB U YTOUHEHME Obveauterne
i A \ TPEKOB U KIlacTepos
N MOUCK 3apSPKEHHbIX
l YyacTtuy n
BoccTaHOBMEH pCMIRC o bl
€ BepLUnH Hacti
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Framework

TuUNNYHbIN pasmep NporpamMmbl PEKOHCTPYKLUMN JAHHbIX C 4eTEKTOpa — OT COTEH
TbICSY 4O MUSTIMOHOB CTPOK Koaa. Hag nporpammon pekoHCTpyKUum paboTaeT
oT 10 (Ha HebonbLOM 3KcnepmMeHTe) Ao 1000 (Ha LHC) yenoBek, npuyem mnx
YPOBEHb Kak NpOorpaMMmnUCTOB pasfnnyaeTcda Ha Nopsaok. EQMHCTBEHHBIM cnocob
opraHu3oBaTtb paboTy Takoro maciwuTaba — co3gaTb €AMHYI0 «KYTbTYPHYIO
cpeany». Pornb Takon cpeabl BbINOMHAET NpOorpaMMHbIn Kapkac (framework).

CocTaBnsoLne anemMeHTbl NPOrpaMMHOro Kapkaca:

Moaynu || Cpeaa || Cpeacrsa || XpaHeHveu | WHcTpymeHTs! | Bcnomora-

0bpaboTku YNpaBAeHWA KOHpUTYpPUpO- AOCTYN K obpaboTku TeNbHble
MORYIR b las il vy sMMexaHuame sfeKaHUIMBI = ANropuTMEl *[lOMUpoBaHKE,
U'EHUHEH 3ﬂ£l,:'IHH-F| DﬁMEHa ,ﬂﬂHHbIMH MHHHMHEEII,I,HH, MDHHTD]JHHT,
i n s napameTpos PAEHLAY MOAYNAMM buALTPALMMK,. . FHCTOrpammbl,
oTaenbHbIX M C NOCTOAHHBIM CJ‘I'II"HEﬁHbIE

MOaYNeR U _ XPAHUAMLLEM : [ | uucna,..
cepeWcos — ——

CyLeCTBYHOT YHUBEpPCarbHble Kapkachl, KOTOPbIE MCMOMb3YOTCH B Pa3HbIX
SKCnepuMeHTax, Hanpumep
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Framework GAUDI

[TpmepoMm LLMPOKO NCNOonb3yeMoro nporpaMmMHoro Kkapkaca sisnsetca GAUDI.

N3HayarnbHO OH paspabaTtbiBarncs ans akcnepmmeHnTta LHCD, B HacTosLWwee
BpeMsi ucnonbadyetcs MHormmm akcriepumeHtamm (LHCb, ATLAS, BES-3, CMD-

3,..)

ApXV-rglr-r\ ma AL INI-

Application
Manager [ Event /u'svenn ) Converter
Selector 5-E2 Anal
e - AxPartCandidales /|\
i “ = Mc . :
e - | Event Data | | e . || Persistency
Service \ / Service 0 McVetices Service
] Raw
. Vi Transient
JobOptions

Service - Algorithm -H \ Event Store )

g (" Transient
Par‘ficle.Pr'op./ \ Detec. Data | | D:’lrr:asclfgr __|Persistency
Service Service L Store Service

Other p = -
Services _ ransient .
T Hlsfog_mm || Histo gram N Per‘smfcncy
[ Service Store Service
L
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Moayb peKoHCTpYKIMHU B GAUDI

Knto4eBbIM 35IEMEHTOM Kapkaca
FIBJ'IFleTCFI MO,EI,yJ'Ib (Algorlthm) ISvclLocator

Moaynu paspabatbiBatoT Applicationttar =

~,

e P F—
QP E——

KOHEYHbIE Mofb3oBaTeny,

GAUDI oripegender I/IHTepCbeIZC o ooes IDataProviderSve [, TAlgorithm |IProperty
ventDataSve 4()%_‘“-- S

MOYNS U NpeaocTaBnsaeT psag P

CcTaHOapPTHbIX CEPBNCOB! Detectorbatase o IS o nfenm ConcreteAlgorithm

* BKINOYEHME MOAYIA U Er0 Histogramsve THistogranSec 4. jfx;}" /_\

napameTpn3aLins T— IMessageSve /é///'/ ObjectA | | Objects

 IOCTYN K BXOAHbIM AaHHbIM U - 4

XPaHEHWE BbIXOAHbIX AaHHbIX ParticlePropertysve [~ O

* JOCTYN K KanmMbpoBOYHON

NHdopmaunm

* MEXaHN3Mbl OOLLEHUS C Pe3ynbTaT peKOHCTPYKLUKN — KOSEKL N

OPYrMMy MOAYNSMU OOBEKTOB, ONUCHIBAIOLLINX TPEKN,

« MEXaH13MbI XpaHEHWS KnacTepsbl, YacTuubl,..., U CBA3EN MeXay

HUMM

MOHUTOPUPYHOLLMX TMCTOrpamm
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O6MeH JaHHbIMU Mexay MoayasaMu B GAUDI

B GAUDI ncnonesayetcsd
HenpsiMon oGMeH AaHHbIMU

MexXay MmoAynAaMn. Real dataflow  Apparent dataflow | Data T1

* BCE JaHHbIE XPaHATCS B ;_ «\ et V.
namMsaTu B cneumarnbHOM ﬂ@orifhrﬁ\
xpaHunuile (data store) u DTz T3L T A /J
AOCTYNHbI NO KNnovam (Mvs \“\_
OaHHbIX, TUMN AaHHbIX,...); Transient Event| Data T2 /— _——-u.\\
* KaXKAbIN MOAYNb paGoTaeT Data Store [ para 14 T Ngﬂglfhm wl
TonbKo ¢ data store —uutaet < '\ 4
BXO[Hble JJaHHbIE U coOXpaHaeT bata T3. T4 T
BbIXOOHbIE OaHHbIE; m'/l Dr‘l‘fhm

* ANs JONrOCPOYHOro o /‘é\ /
COXpaHeHUs JaHHbIX bata 5{5—[_'

cneumanbHbIn MOA4YIb
dunnbTpyeT AaHHble U3 data

StafeoH HBﬁQQB%f‘%HQé)?@TCH B 6OMbLUMHCTBE COBPEMEHHbIX MPOrpaMMHbIX

KA POPIAT
2 KomnbtoTepHble TexHonorum B P3Y. ObpaboTka gaHHbIX. JloraweHko U.b.



www.phys.nsu.ru

dunpTpanus COObITUM

[Mocne Toro, kak coObITUS PEKOHCTPYMPOBaHbI, HE0OX0aMMO B 00LLIEM MaccuBe
3aperncTpmMpoBaHHbIX COObITUIA HANTU Te, KOTOPbIE HAC MHTEPECYIOT.

(Wops)= Mg

e[ Ldt

o

Kak npaBuno, B 60MnbLLMX 3KCNEpUMEHTaXx 3TO AeNnaeTcs B ABa aTana.

1.LleHTpannaoBaHHaga punbTpaumsa cobbituin. Ha aTom aTane BeCb 06bEM
OaHHbIX pa3duBaeTcsa Ha 4OCTAaTOYHO LUMPOKME NOAMHOXECTBA, KOTOPbIE
NHTEPECHbI MPU U3YyYEHUN LESIOro Knacca KOHeYHbIX COCTOSAHUW. Hanpumep:
cobbITns ¢ 4 n bonee 3apskKeHHbIMU YacTuuamu. Ha aTom aTane cxXnmaeTcs U
coepXXMmMoe cobbITUN — OCTaBNSIETCA TONLKO Hanbonee Heobxoanmas
nHgoopmauums (Analysis Object Data, AOD). Bmecto punbTpaummn MoxeT
npon3BoanTbCs dopMmnpoBaHme Teros cobbITnn (event tags).

2.Bbigenenue cobbiTuin Ans KOHKPETHOro Hay4yHoro aHanmaa. Kaxagbin
nonb3oBaTesb (rpynna) camocTtosTenbHo bornee aetanbHo punbTpyeT AOD,
oTbupaeT cobbITUA AN KOHKPETHOro aHanusa n coxpaHsieT nx B suae Derived
Physics Data (DPD).
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BrinesneHue coObITUH

CyLecTByeT MHOXECTBO NOAXO0L0B K BblAENEHNIO MHTEPECHOrO Krnacca
cobbITuin. Hanbornee pacnpocTpaHEH METO HANMoOXeHUA KpuTepmnes oTbopa — OH
Hanbonee npeackasyem m nNPocT C TOYKN 3pEHNS aHanmM3a cucteMaTndecKknx
owmnbokK. Bce yalle npMMeHsoTca MeToabl MHOTOMEPHOIO CTaTUCTUYECKOrO
aHanmsa (MVA), B KOTOpbIX COBbITUS OTOMPAIOTCS C MOMOLLbIO KinaccudomkaTopa
(napameTpa pasgeneHust), 06beamHaoLWwero MHMOPMaLUo O MHOMMX NPU3HaKax
cobObITuS.

I_I § T T T ‘ T T || | T T T | T T T ‘ T T T B pOB E TT | TTT | TTT | TTT | TTT | TTT ‘ TTT | TTT |_ L.
E | S [lepeBo ] 180} 5 HenpoHHas
3 OTHoLlEeHMe '3 ] g
g ] 2 NpuHATK 60l & CeTb
g OLUEeHOK 25 _—g 'J'C+ 4 3
10} 3 NMIoTHOCTEMN £ a0
z 2 -t
é BEPOATHOCTU 2_% 120 .
= =) ; I I +
2 B I
100 all|
151 j ’“
BU_— ;I' ;]__ |
il
1 ¥ U‘
60| fli
: Ji ||]
0.5: 40 ”” )
| 20k ..I!JTE!. |
7 i o' L] i i E HJ ’ Hhebs A i
__., == o4 66 i 08 06 04 02 0 02 04 06 08 G_|||Llin]’:-l{-ﬂ|1|l|n|1|JFia|[e:TL‘||aT|in|
: _ _ MapamMeTp pasaeneHus MapaMeTp pasaeneHus -04-02 0 0204 06 08 1 1.2 14
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[IpuMep: KIaccuPUKALHA COOBITHH C WWw-Physnsuru

[IOMOIIbI0 HEUPOHHOU CETU

[Togaem Ha BXOA4 CETU N3MEPEHHbIE NapaMeTpbl YacTULL, BbIXO4 CETU — TUIM
YyacTuubl (MnNu cobbiTus). Obyvyaem ceTb Ha MHOXECTBE CODbITUI, OIS
KOTOPOro M3BECTHO, Kakne cobbITUs ABNAKOTCA CUrHarnom, a kakme — doHOM.

NN output
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Background ( 7.8%)
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g8 (111

.
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06 08 1 1.2 1.4

Pes3ynbTart:

adpcheKkTMBHOCT
b (qond
coObITMI
CUrHana co
3Ha4YEeHNEM CETU
BblLLIe nopora)

e OLLMOKa (gons
coObITUIN poHa
CO 3Ha4YeHNEM
CeTU BbiLLe
nopora, T.e.
OLNBOYHO
NPUHATbIX 33
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[IporpamMmHbIb TakeT ROOT

[1na npoBegeHUst CTaTUCTUYECKOro aHannaa cobbliTuin Heobxoamumo
MCMoJSib30BaThb Crneunannu3npoBaHHoe nporpamMmmMmHoe obecnedenuve. s
HacTONbHbIX 3KcrnepumeHToB MoXxeT xBatute MATLAB wunun Origin. B dusunke
YyacTuy de-facto ctaHgapT — nporpaMMHbIV NakeT

» becnnaTHbIN
e OTKPbITLIN KO4
e Kpocc-nnatgopmMeHHbIN
e MoXeT ncrnosnb3oBaTbCA U Kak NPUNoXeHue, 1 Kak bubnuoTteka
e OrpoMHOE KONIMYECTBO MHCTPYMEHTOB:
- rMcTorpamMmmbl, YyHKUKUK, cTaTUCTUYecKas obpaboTka
- XpaHeHne n obpaboTka o4eHb 60MNbLWNX 00 bEMOB JaHHbIX
- Hay4Has rpaduka
- MaTemMaTnyeckasa bubnnorteka
- MHOFOMEPHbIW aHann3 JaHHbIX (HanpumMmep, HEMPOHHbIE CETN)
- uHTerpauma c Python, Ruby, Mathematica
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OnpegesieHue 3pPeKTUBHOCTH U POHA

[locne TOro, kKak ortobpann uHTepecywwure Hac cobbiTus, Heobxoammo
onpenennuTb, CKOJIbKO M3 HUX ABNAKTCA POHOM M KakoBa 3(pEKTUBHOCTb
oTbopa curHana. B apdhekTMBHOCTb Takke BXOoAUT 9pPEKTUBHOCTb TPUITEPA,

9 (PEKTUBHOCTL PEKOHCTPYKLUMN U T.1.

Nops '@
@f £dt

,U,Ba OCHOBHbIX NOoAxXoAa (KaK npaBuIio, NPUMEHAKTCAH 068)1

» OueHKa C NOMOLLbI caMUX OaHHbIX

N3yyeHne pacnpedeneHns [aHHbIX B pasnUYHbIX obnacTsax
3Ha4YeHMN napameTpoB, MNpU pPas3nUyHbIX YycrnoBuax Habopa
cTtaTUCTUKKU. MHoroga oAMH M TOT e Khacc CcoObITUM MOXKHO
BblAENUTb MO ABYM pPasfn4YHbIM NpM3HaKam, YTO No3BONSAEeT Udyyatb

KpOCC-KOppensaunm n nonyvynTtb OLeHKY 3oeKTUBHOCTEN.

* MooenupoBaHune
YacTto, eAMHCTBEHHO BO3MOXXHbIN CNOCO0
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MopaenupoBaHue

[ToBTOpsiEM BEeCb 3KCMEPMMEHT HA KOMMbTEPE — Ha4YMHaem Cco
CTankmBaroLWMXCcs YacTuL, 3aTeM “MpoBoANM” BCE POAMBLUMECS YacTULbl Yepes
OETEKTOP U MOAENUPyeM OTKIMK BCEX CUCTEM JeTekTopa. 3aTeM «Cblpbley
OaHHble, MNOoNy4YeHHble B MOLENMPOBAHUN, PEKOHCTPYMPYEM TaK Xe, KakK u

pearibHble JaHHbIE.

PearnbHbIn CTONKHOBEHU Cuctema cbopa
—> —> >
MUp e My4KkoB OaHHbIX

GEANTA4 PeKOHﬂc;pyKu,m —_—

HayuHbin
aHanus

dounbTpauma >
BUpTYyarnbHb MepBUHbIi MopaenupoBaHu
- T d € OTKITKKa
n mup (MC) reHepaTop

aeTekTopa

4 1

+MC truth
o /
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YpPOBHU MO/JIeJIMPOBAHHUA

YpOBHU MOaeNMpoBaHuS:
* [lonHoe

NcxogHble yacTuubl — QHeprosolgeneHne — OTKNK geTekTopa —
CurHansbl B 9f1EKTPOHUKE — «Cblpble» AaHHbIE

3aHnmaeT 6onbLuoe BpeMs, Hauny4llasa TOYHOCTb. [leTann B oTaenbHOM
NeKumn.

* K BbICTpoe» Ui napamMmeTpmn3oBaHHOE

Aicnonb3yloTca yrnpoLLeHHbIe MOAENN, ONUCbIBatoLLME OTKITUK OeTeKTopa,
9O PEKTUBHOCTU M T.N.

3HauunTernbHO DbICTpee, MOXHO cMOoAeNMpoBaTh bosbLIMe 0O BEMBI
OaHHbIX, HO XYy>Xe TOYHOCTb

» Toy Monte Carlo

[eHepupyoTCsa AaHHbIE COrNacHO 3anoXKeHHbIM pacnpeaeneHusm
BEPOSATHOCTU

cnonb3yeTcs B OCHOBHOM 45151 OLE€HKN CTAaTUCTUYECKUX U
cucTemMaTuyeckmnx ondok

Ha kaxgom atane Heob6xoaMmMo NPOBEPATL «Pa3yMHOCTb» MOAENMPOBaHUS,
CPaBHVBanA er® WFEABREAAIMSCEUNSIEPASNHORTA T spEiePpatipiawueriko 1.b.
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HopMmupoBKa pe3yJsibTaTa: CBETUMOCTbD

[ns HOPMUPOBKM pesynbTaTta HeobxoAMMO U3MEPUTb CBETUMOCTb. OCHOBHaA naesn:

oTbepem cobbiTMA, KOTOPbIE XOPOLWO UAEHTUGULMPYIOTCA B AETEKTOPE U ANA KOTOPbIX
ceYeHMe N3BECTHO C XOpoLUeit TOYHOCTLH. Toraa CBETMMOCTb MOXKHO U3MEPUTD,
«nepesepHys» GoOpMyny A8 U3MEepPeHUa CeYEeHUA:

OyeHb yA06HbIM NPOLECCOM ANA U3MEPEHWUA CBETUMOCTH ABNAeTCA baba-pacceaHue:

/
e'e” >e'e” e . e’
e

B KayecTse ApYyrMx MOHUTOPMPYIOLLMX MPOLLECCOB Ucnonb3ytoTcae T e™ — yy,
Topmo3sHoe usnyyenme ete™ - ete y,ete” 2 ete yy,..
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[IpuMep: cobbiThe Baba-paccesHus B geteRPGpE™
KM/I-3

Knactep B
kanopumetpe Csl— —>

_Tpek B ApeiicdoBoit

Kamepe
Knactep B

kanopumetpe LXe > ¢

MecTo BCTpeun

Ocb Ny4KoB —

Ll
AT
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[IpuMep: cobbiThe Baba-paccesHus B geteRPGpE™
KM/I-3

Mpoekuusa R-Z

PasBepTka |
KanopumeTtpa LXe —

|
3 I
+
& |
|
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[lonydyeHue pe3ysibTaTa

NTak, 3HaeM Bce MHIpeaNEHTbI B MPaBOM YacTu

dbopMyrnbl — MOXXEM NOCYMTATb CEYEHME. . Nobs — Nig

e [ Ldt

Nrpa okoH4yeHa? HeT!
* [1peaB3ATOCTb 3KCNEpPMMEHTaTOpa

Kak npaBuno, y4eHbln cTapaeTcs NPOBOAUTL SKCNEPUMEHTDI
HenpeaB3ATo. HO 04eHb YacTo Ha NOACO3HATENIbHOM YPOBHE YYeHbIN
BblIOMpaeT anropmMTtMm aHanusa nog BrnsiHNeEM pe3ynbLTaToB
aKcnepuMeHTa. Hanpumep: TONbKO ecnu pes3ynbTaT pacXoanTcs ¢
OXXnagaemblM, Mbl HQYMHAEM UCCNeaoBaTb BIIUSAHME OOMNOMHUTESNbHbIX
dakTopoB. CTpaTternsa aHannaa gosrmkHa 6bITb NOCTPOEeHa Tak, YTOObI
MUHUMN3NPOBATbL NOA00HbIE ownbkK. ObLas naes: He No3BoNsATb cebe
3HaTb NPOMEXYTOYHbIE pe3ynbTaThl 40 TEX MNOpP, NoKa He byaeT
BbipaboTaH anroputm aHanusa.

» CuctemaTmyeckme owmnodKku

BceBo3MOXHbIe BHELLUHNE hakTopbl MOTYT NPUBOAMTL K UCKaXKEHUHO
pe3ynbTatoB. CTpaTerus aHanvaa OormkHa BKNYaTb nogpobHoe
N3y4YeHne BNUSIHUS Ha pe3ynbTaT BCEBO3MOXHbIX (0aKTOpOB.
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[IpruMmep: HenpeAB3ATHIU aHAJIHN3

Mpumep: nouck pegkoro pacnaga B — u* u~ Ha petektope DO ( )
«Cnenoi» aHanus: YMcno cobbITii B curHansHol obnactu (“box”) ckpbisaeTtca Ao Tex
nop, NOKa He BbyayT OKOHYaTe/IbHO BblOpaHbl KpUTepuun otbopa M NposeaeH aHanu3
doHa n cucTtemaTMyeckux olwnboK. ToIbKO B CaMOM KOHLE NOACYMTLIBAETCA YMCNO
cobbITHiA B cMrHanbHoM obnactu (“box opening”), nocne Yyero HUKaKkue napameTpbl
aHann3a He JO/MKHbI MeHATLCA.

[ Runllb - 0.980<NN<0.985 |

10# 50
0 + - ° DO, 6.1 fb"'
o | By = pp G 40 0.98 <p <1
3 0L "Box closed" S 30fk "Box open"
g F
S F E 20
a ————_ c
g L e ¢ 10
L o o i T TR T S
C 4.5 5 55 6 6.5
. m,,, [GeV]
L e e T S B T — .
Masalyu) [GeV/c’] [10 OTKPbITUS CUrHanNbHOM 06NAaCTN HYXKHO
[IOrOBOPUTBLCS,

KonnuectBo dooHa OLeHMBAETCS C
NOMOLLIbIO SKCTPanonAaumMmn CHapyXxu ot
curHanbHowm obnacTu.

*kOrfa ee crieayeT OTKpbIBaTb,
U KakoBa OydeT npoueaypa NpoBepKm
pesynbTaTa.
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CucteMaTHUyecKHe OLIUOKHU

» OueHKa BNUAHNSA N3BECTHbIX PaKTOPOB:

* KANMBPOBOYHbLIX NApaMeTPOB

* Pa3NNYHbIX NONPaBOK

* 3PP EKTNBHOCTEN

* TEOPETUYECKON MOAENN

O6LwwKin noaxoa: n3MeHsieM COOTBETCTBYHOLLINK NapamMeTp 1 NpoBepsemM
N3MEHEHNE Pe3ynbTaToB 0O0pPabOTKK

» OueHKa BNUAHNA HeEN3BECTHbIX (aKTOPOB:

Bkntovaem dpaHTasunto n noitaemcsa nx Hantu! NposepsiemM 3aBUCUMOCTb
pe3ynbTaToB OT KpUTEPMEB OTOOPA, 40NN poHa, BEPCUM NPOrpamMmMHOro
obecneyeHunsi, BpeMeHU CyTOK, pasbl NyHbI,... ECIn 4YTO TO 0BHapyXnnoce,
naeHTMnUnNpyemM NCTOYHUK, NOCIIe Yero OLeHMBaeM ero BrnsHue Ha
pes3ynbTaT

“As we know, there are known knowns; there are things we know we know. We also
know there are known unknowns; that is to say we know there are some things we do
not know. But there are also unknown unknowns -- the ones we don't know we don't
know."

34
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e.g., top quark mass

[Ipumep: cucTeMaTHYECKHE OMTUOKH mpy™™" Ps e
N3MEPEHUU MACCHI t-KBapKa

Possible Variation with E; or
" (change by +10)

bty I'I.,’t atic tainty '.'l[-:g it -I'] Gel4 . .

H‘:z-,rj:;?f]. ;Ti e “DD.]-EB: Jf__jif,.f—-* How different from light quarks?

b-JES .60~ | — PYTHIA vs. HERWIG

Generator 0.10 *

ISR .72 *———t—= Vary parameters in generator

FSR 0.76 + |

b-tag F'r dependence 0.31 «——— Change by +1o in estimated efficiency
Backgr l ¢ it .21 .
I,f;]f""”m e = “~——— Change backgrounds by estimated
Monte Carlo statistics []:HE — undertainties and vary model of W +jets
e e \H Divide sample

Multiple Interactions 0.05 e

Total 1.36 Shift lepton p; by +1%

R oom for MC not to model properly

3ayacTylo, aHanmM3 cucTemMaTUYeckmx OLLIMOOK — camasi CroXKHasi YacTb aHanuaa
NaHHbIX.

Onsa Toro, 4ToObl OLEHUTb YMCIIO B KaXKAOW CTPOYKe (BNusiHUE onpenerieHHoro
dakTopa), Heo6xo4MMO MOBTOPUTbL BECb aHanuM3 MHoro pas! [ns aToro oveHb

Ba>XHO YMeTb NpaBUJ1IbHO aBTOMaTU3NPOBaTb BCHO LieNOYKY aHann3a AaHHbIX.
35 KomnbtoTepHble TexHonorum B ®34. ObpaboTka gaHHbIX. JloraweHko U.b.
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