JNlekuusa 3.

MHKNMIO3BHbIE peaKkuun



NEROTOPBIEIGHPEHENEHVH:

DEBOELIV OOBLEV — AOCTYNHas 06MacTb MMMAYILCOB BTOPMYHbLIX YacTyL,
PaspeLIEHHas) 3aKOHaMY COXPAHEHVSI SBHEPIV I UMIYJ1bCA.

ORCHITIORVEHAA PEAKIA — NBMEPAIOTCA BCE YacTHLbl KOHEYHOIO COCTOAHWS,
HanpUMEp YIPYroe paccesHye YacTuil,

Viccrmeoyiromes npuU. Manbix. SHep2USX.

VIHKIHOBVIBHES PEAKIA — NBMEPSOTCS YacTmbl ONpeaeiEHHON NPpUPoabI,
Hanpuvep: p + p-> 1t X, p+ p -> = X, Wiav NpocTo : p p -> 1%, p p -> K&,
mwan  pp->A+ ..., TIp-> Tt NT.A. :

a+ b->c+ X — ycnoBHad 3anmchk NWHKTHO3MBHOW

peakumn,

X — HEPEINCTPMPYEMBIE YaCTULIbI.
MCCHGGWOITICFI [1pU 66ICOKUX SHEP2UAX

[Hpy eHepIngx LHC namepsetcs oepaHuyeHHas obriacmpe rnepemMeHHbIX
UHKITHO3UBHLIX peakuuu



NEEMENYECKIE NEPENEHIEBIE.

CyllHOCTb NHKITFO3VBHOIO CNOCO06a UCCHEAOBAHS COCTONT B TOM, YTO
CYMMVIPYHOTICS BCE SKCKITHO3VBHBIE KaHalbl PEAKLN, B KOTOPbIX 0OpasyeTcs

X074 ObI 0Ha YacTmlkl copTa C. Toraa KMHeMaTuYdeckne XapakTeprCTKn
yactmupkl C YCpeAHEHE! 0 BCEM KaHarnaMm, CloCODHLIM 00pa3oBaTh YaCTULLY

C B yHTEpBase nvnynscos o1 P, A0 P, ™ d P .-
VIHBapVaHTHOE CEYEHVE OAHOYaCTUYHON NHKITHO3MBHOM peakLnn ECTb
E, d0/dPp, =  (p,S)
Yenosvie HopmupoBky J(aPp/E,) f (P,,S) = <n> 0,4,,,(ab)

UacTo nenosk3yT 0AHOYAaCTUYHYIO NFOTHOCTL pacrnpeaeneHngd
o (P, S) = (p.,S) 0, (ab), cootBeTcTBEHHO |(d®p /E,) p (P,,S) = <n>
Crerema X onvicbiBaeTed kak Hekad s deKkTBHasa YactuLa ¢ Mmaccon m, .

[TomMymo WHBAPNAHTHBLIX KUHEMAaTUNYECKUX NMEPEMEHHBIX S, t, u NCIOJIb3YHOTCA
4aGope! nepemertbix { E (p), 8, @}, {E (p).p, @}, {00, @} B 11. C. 1 ..M.

P,=P COS 0, P:=P Sin 6 , 6 — npocTpaHcTBEHHBIN yron BbINeTa YacTulbl, () —asuMyTanbHbIN.



NIHEMETYECKIE NEPENIEHHISIE

B npoLeccax MHoXecTBEHHONo poXxaeHna <p,> = 0,35 ['eB/c , a cpeaHvin
NPOAGHBHBIVI UMAYIILC B C.L.M. PACTET ~ \s. Omcroma criegyer
[nome3a MeVHMaHOBCKOIO CKEVIVHIA:

PO AGHBEHBIEVIVMIVABCHISaBVICS T 0T GESPABMEPHON NEPEMEHHON TMNa
X = 2p*,/ s.

SiidEPENMEHHEFNHOBHA [NA OnCaHS 06aciiv ddparMeHTalny
EPBVEHeVIYSaCTNINEI TEx TaMl, EAE NPVCYTCIBYET BAVSHVE
NEPBVYHOMIYECTVILBIHE XA PaKTEPVICTIKY PEVICTRVRYEMON YaCTLIES
@, T2 NPV GeRBLIVX SHAYEHEX: Xe.

[lpy MasnbIx x- ECTb LEHTPasribHasg 0bnactb B3anMOAENCTBUS, FAE
BAVSHME HaYyanbHbIX YacTul, mano. Amng ueHTpansHon obmnacti
MICNONb3YETCA NPOAOHBHAA NEPEMEHHAd bbicmpoma

y = (172) In [(E + p)/(E-p))]
C843b Mexx0y smumu mepemeHHbIMU X =sh y* [ shy* . .

LleHTpanbHyo obracTb HasbiBaOT Takke 0bfacTbio MUoHU3ayuU,
T.K.~ 80% BTOPNYHBLIX YACTUL, MMOHbI.

Jinavipyroliye HYKNoHbl B pp coyAdapeHnsx NnpeobnanatoT B 0bnacTax
doparveHTaumn.



[FlepemMeHHag BEICTPOTHEI UMEET PSSO BaXKHbLIX CBOVICTB:

« OHa NosBOSIFET JIENKO Nepexoanib o1 Ji.c. ( y) k c.u.m. ( " )m obpaTHo :

y =y + (1/2)n [(1+v)/(1-v)], tae v = p,/ (E,+ m,) — ckopocTb
[BVPKEHVS| 1.C. OTHOCYTENBHO C.L.M., KaK 1 B APYIVE CUCTEMbI OTCYETA;

B’ pengaTBUCTCKOM NPEMAESIE, KOrda CKOPOCTY YacTl B C.L.M. ~1
CrpaBeanvBo CooTHoLEHEe V=™ = - In [tg(072) ]

L

« B aKkcrnepuMeHTax Ha Konnanmepax Ucrnonb3yeTcsd NeEpEMEHHAd
NCEBAOOLICTPOTHI n = - In [tg(6/2)] , metollas FeOMETPNYECKN
CMBICH 1 MPAKTUYECKM COOTBETCTBYIOLLAS NEPEMEHHON BLICTPOTHI.

* [IpomexyTok o BEICTPOTE MEXay YacTulamm, i paccTogaHME,
NO3BOJIFET OLEHNTE KUHEMATUYECKM NHTEPBA MeXxay HAMU 1nn
NPYIMEPHYH0 3MMEKTVUBHYH Maccy 3TUX YacTuLl,.

* B mepeMeHHbIXx BLICTPOThI MCCNEAYTCS KOPPENSLNN YacTuLl, B
NPOLIECCE MHOXXECTBEHHOIO POXAEHNS.



MHBapVIaHTHbIe pacnpenernieHnsd 4aCctul B MHKNH3NBHbLIX peaKUuUAX

VIHBapViaHTHbIE pachipeAeneHa no enHMaHOBCKOV epeMEHHON X A4
MHKAO3VBHBLIX peakumn KFp— C*+ X, K'p —> 11 + X

W Kistel/ Bubble chambers in high energy hadron collisions {and vice versa)

)
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Figure 6. a) The invariant Feynman-z distribution for the inclusive reactions K tpms Ct4XandK*tp— o~ +X
between 8.2 and 250 GeV/c; b) The rapidity distribution for the same reactions between 12.7 and 250 GeV/c [9].

gion, is the rapidity y = 0.5In[(E + py)/(E — py)]- the forward region. So, the strange qwklofﬂmbwn
The energy dependence for the cms y-distribution for plays arole in forward K*° and ¢ production, but does
seepntially the game data as above ie chown in Fie. 6b. not contribute o the o7, Since ¢ needs an s-quark in




«IPPEKT YaUKn»

W Kirtel/ Bubble chambers in kigh energy hadron collisions fand viee versa)
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Figure 18. a) The energy weighted average transverse momentum (pr)g as a function of Feynman zg for
K*p— C~+ X between 12.7 and 250 GeV/e incident momentum. b) The average squared transverse momentum
(PF)ehrues With respect to the thrust axis for the combined non-single-diffractive K +p and x+p sample (indicated
as M*p) with multiplicity n > 4 at ./a = 22 GeV, compared Lo that for et e~ collisions at 14 and 22 GeV, and
wp collisions with 10 < W < 20 GeV, ¢) The energy weighted average transverse momentum (pr)g for the
combined non-single-diffractive M*p sample compared to the predictions from "non-diffractive” LUND, DPM
and FRITIOF Monte Carlos [41].




OTHOCUTESNBHOE OCTOSHCTBO <P~ NP1 MHOXECTBEHHOM POXXHAEHNIA

O3HauaeT Hamn4yve drKepoBaHHONO MacllTaba B NonepeYHoM CeYEeHUM
(pasmvep agpoHa, paanyc cyNbHONO B3aVMOAENCTBIS).

B ipoaoisHOM HanpaBieHy Takoy MacluTab OTCyTCTBYET, MO-
BUAVIMOMY, B CBI3M C PENSTUBUCTCKM CXXaTUEM MHPOAOSTbHBIX
Pa3MEPOB aAPOHOB 1 0BaCT X B3aMOLAEVNCTBNS C POCTOM
SHepm.

13 NPUBEAEHHBLIX AaHHBIX BNAHO, YTO MJIOTHOCTW pacripedesieHnda YacTtul,
BCE KE 3aMETHO 3aBCAHT OT SHEPINN B3anmogenctBns. CKenmanHr
ABJIAETCA I'IpI/I6J'II/I>KeHHbIM.

[FloaTomMy VHKMO3VBHBLIE pacnpeaeneHns YacTuly N3MepPSIOTCS B
SKCHEPVIMEHTAX.

TeopeTnnyeckoe onvcaHe ogHoYacTUYHbIX pacnpeaeneHnii CBA3aHo ¢
NMPEeAcTaBAEHNAMN O CTPYKTYPHBLIX DYHKUNAX CTaNKMBaOLLMXCS
NPOTOHOB.



ROppendln B NPOLIECCAX MHOMKECTBEHHONO POXKAEHS

Npyviep: : «SAMEKRT Yavki»— KOPPENFUMOHHEIN SAMEKT MEXKOY
NEPEMEHHBIMV YaCTLE!.

UTebbI ICCHe A0BATE KOPPEMALUMMIMEXDY YacTULaMy N3yYatoT
ABYXYACTVYHBLIE MHKIMIO3NBHBIE Peakummia + b -> ¢ +d +X (v BbiLLE)

MIVIBMEPSIOT ABYXYaCTMYHBIE (M BOSEE BLICOKOIO: MOPSHAKA) MAOTHOCTM
PaCHPEMENEeHVI YacTmL, :

P (V4:¥2) =(1/0eynp) AO(Y1.Y,) [ dy; dys, .
KoppendUoHHaa MyHKLUE

@ (y1’y2) = c)-Heyrlp P (y1’y2) N c)-2Heyr|p P (y1) P (y2) J
nae p (Y) = oaHodacTHHas nnonHocTb pacnpeseneds p () =(1/0,,,,,) do(y) / dy .
KoppengLyoHHas dyHKLMSE (K.d).) AEMOHCTPYPYET CTPEMIIEHNE YAaCTULL
POXAATBECH B KilaCliepax, 1.€. Ipyiinamia.

Xapaknep € (V.,Y,) 3aBUCUT TakKe OT pacrnpeseneHs no MHOKXEeCTBEHHOCTY
yactyl. VickmiounTs STy 3aBMCMOCTL MO3BOSMISET N3MEPEHNE
KOPOTKOAEVICTBYHOLUEN K.4D., B3BELUEHHOW MO TOMOJIOMMAM MHOXECTBEHHOCTMW:

Cory, V4:¥2) = 2, 6, B,y (V4,Y2) — 0% P (V1) Pr (V2) , NI— MHOXECTBEHHOCTb
Yacini, O, — TOMNOJiIorMyecKkoe ce4vyeHne.




Koppensuum B poXXgeHun 4yactumu

LIByXYaCTNYHBLIE KOPPENFLVOHHBIE OYHKIINVB MESOH-NPOTOHHBIX

coyAapeHvsx npuiNs = 22 8B v ete - aHHUAS LMY

W Kitel / Bubble chambers in kigh energy hadron collisions fand vice versa)

ticles, and ng and n; are the corresponding particle
multiplicities.

Most experiments use f = 1, so that the integral
over the correlation function (egual to the ratio A2 [k
of the negative binomial parameters) vanishes for the
case of a Poissonian multiplicity distribution. Other
experiments use f = (ng(ny — §°%))/(na)(ns) 10
pbtain a vanishing integral also for a non-Poissonian
multiplicity distribution,

To be able to compare to the various experiments,
we use both definitions and denote the correlation
function C2(y, ) when f = 1 and C**(y1,33)
when following the second definition. We, further-
more, use a reduced form,

C(w,w) = C** (1, 1)/ (na(ma — 6°%)).  (12)

The corresponding normalized correlation function
K$*(w,v2) = CF (w1, 31)/p3 ()P} (vs) is more ap-
propriate than C; itself when comparisons have to be
performed at different average multiplicity and is less
sensitive to acceptance problems.

The correlation functions defined above, contain the
pseudo-correlation due to the summation of events
with different charge multiplicity n. We write the
correlation function as Ca(w, w2) = Cslw, ¥2) +
Cr(w, ), where the value of Cp(w,ya) is de-
termined by the differences between py(y) and the

semi-inclusive densities p'[l"][y]. Then Cs(yi, ¥2) is

& Mp 22 GeV
ate”

& 44 Gey

o 14 GeV

Figure 23. Normalized correlation function
E:%(y1, 1) 8t —1<y < 0 in the non-single-diffrac-
tive meson-proton sample at /s=22 GeV compared
o et e~ cannihilation at 14 GeV [&




KOPOTKOAEVCTBYOLIVE KOPPEMNILVIN B NPOLIECCAX
VMHOXECTBEHHOIO POXKAEHNS

KOPOTKOAEVICTBYIOLIE KOPPENILUI TAKKE AEMOHCTPVPYIOT NONOKXNTENBHEIN
KOPPENFUNOHHBIN SAEKT.

OnvicaHne KopPERFLNOHHBIX VHKLUVV KPYTYHO A MOAENEV MHOXECTBEHHOO
POKAEHVIS.



DpakTanbl, Vv NEPEMEIKAEMOCTE, NPV MHOMXECTBEHHOM
POXAEHVV YacTuL

ViccrenoBanyie 3aB1eMOCTI dopakTanbHbIX MOMEHTOB OT BEMVUYVHbI
NHTEPBANa 4 )/ MOKA3aN0o VX POCT C YMEHBLLEHVIEM 4 Y/ .

[pAmMoe cBnAeTENnbCTRO dpaktanbHoro noseaerns P (Y) =(1/0,q,,)
doiy) /' dy coctonT B HabmAeHVV dmtokTyaumi nnotHoeT P (),
MPEBLILLALLNX cTaTncTndeckne ( K* p Baanmogenctend npuy 250 ['aB/c)



PacnpeneneHMﬂ N0 HoREPESHBIM MMAYIECAM

Pacnpeaeners no nonepeYHbIM MMRYAbCam YacTyill B MHKAIO3VBHBLIX PEAKUNAX NPUHATO
onvcbIBaTb OAHON, ABYMS| ViV DOMEE SKCHOHEHTAMM.

Hanbomee 6bIcTpo Nadaroliiasi SKCHOHEHTa NPV Manbix NoNepPeYHbIX UMIYNbCax NMOHOB
OTBEYAET YacTylam oT pacnaha pe3oHaHcoB. Creayroulas — IPpSMOPOXaAeHHbIMY
MYoHaMW.

Pacnpeaenenve npy 6ombLUnX p; ONPEAENSETCS BKIaA0M XECTKMX NPOLIECCOB.



VIHKIIHOBVIBHEIE PEaKLIV NPpK SHEPINEX KONannepoB

OBBLEKTOM V3MEPERVIS ClyKaT HE NMPOCTO YacTuLbl, a YacTulibl C
BOMBLIVIVMY MRYIECaMM B LIEHTPAILHOM 06HacTy, T.€. NPOAYKTHI
KECTKIMX NMPOLECCOB, JIENTOHBI V1 CTPYW OT aApOHN3aLIMy KBApPKOB.

VIaMepeHns oCyLIECTBIIFIOTCS B OfpaHNYeHHoN YacTi pasoBoro
0bBbEMA. STO CBA3aHO C MOCTAHOBKOW 3adaduv UccrieaoBaHus v

00y CHOBMNEHO BO3MOXHOCTAMM AETEKTOPA. TakK, B SKCNEPUMEHTE
ATLAS:

* He namepgiorcd agpoHsbl ¢ p, meHee 0,5 'aB/c
« He navepsTcd MOOHBI € p; MeHee Heckonbkux ['aB/c
« CyLuiecTBYIOT NOPOry MAEHTNMMKaALUWN Y UBMEPEHNS CTPYN.

[logobHas nocTaHOBKA OnbiTa MOBbILUAET TPEOOBaHNA K HOPMUPOBKE 1
MOAENVNPOBAaHMIO UCCEAYEMBIX PEAKLINIA



CpaBHEHVE paACHPEAENEHNN 3aPSHKEHHBIX YACTNL MO NCEBAOOLICTPOTE 1

[HONEPEYHBIM VMNYABCAM, MPEACKa3bIBAEMBIX MOMAENLIO M NBMEPSEMEIX B
akcriepymeHTe ATLAS LHC.

irison of generated charged
particles with reconstructed tracks

1000 events

»  Only a fraction of tracks
reconstructed, because:

1) limited rapidity coverage

2) can only reconstruct track p; with
good efficiency down to ~500MeV, .
and most particles in min-bias Black = Generated (Pythis6.2)
events have p; < 500MeV. Blue = TrkTrack: iPatRec

\ Red = TrkTrack: xKalman
é _'L_:-: . d“ hfdp.‘.

Resonstruet tracks with:
F o 1) pT>500kie
Previous dN./dn measurements published E Y i
for p; >0, so need to apply correction factor. ' G protioien g <)

Biggest systematic uncertainty?

L

L
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A. Moraes ATLAS Physics Workshop, 6™ - 11" June 2005 Py (MeV) .




Charged particle density atn =0

(Only need central inner tracker and a few thousand pp events)

By
£
-3 Pptmaal ] 14 [TTUOS bemed)
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7 A Moraes ATLAS Physics Workshop, 6™ - 11" June 2005



Irack reconstruction with reduced solenoid field?

0 One way to reconstruct tracks down to lower p;'s would be to take some
data with a reduced (or even zero) solenoid field?

= Remember, only need a few
thousand events, possibly in pp
commissioning phase?

1000 events .

For example, in zero field case:
= Many more tracks reconstructed

(Don't yet understand peaks at n ~2 ...
fake tracks?)

= Use latest ATHENA straight track fitters
usedin CTB?

1000
%007
800}
mi

—- ”"
2
w00l
mL
200}
100

ﬂE

4 2 o 2
Probably better to look at reduced field Black = Ganerated charged tracks

scenarios (eg 1 Tesla), so that we can get Blue = Reconstructed: NOTRT, NO solencid
4 Red = Reconstructed: NO TRT, WITH selenoid
dN_,/dp; measurement with same data.

A Moraes ATLAS Physics Workshop, 6™ - 11" June 2005



L re

The Underlying Event in jet physics

= The underlying event in charged jet evolution: Phys Rev. D, 68092002 (2002)

CDF analysis Jet

Toward

- charged particles: ' Ay o verse Ragio!
p20.5 GeVand || <1 \|[p'*

+ cone jet finder: Tromees :

ST ; »The underlying event is defined as
' | everything in the collision except
the hard process .

R= ,jq__\,;r,f +(Ag) =0.7

Ab=0¢— byer

» [tis not aminimum bias event'

» The underlying event has hard (multiple “semi-hard” parton scatterings) and soft
components (beam-beam remnants).

®

A. Moraes ATLAS Physics Workshop, 6™ - 11" June 2005




Charged particles:
p>0.5 GeVand | n| <1

Cone jet finder:
R=\(AyF +(Agf =07

UE particles come from

region transverse to the
leading jet.

®

A Moraes

Transverse -~ N i

P, (leading jet in GeV)

ATLAS Physics Workshop, 6™ - 11" June 2005




LHC predictions: pp collisions at \s =14 TeV

Charged particles:
p>0.5 GeVand |n| <1

Cone jet finder:
R= ergf +(Ag) =07

UE particles come from
region transverse to the
leading jet.

©
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PacnpeneneHyd no nonepevyHsIM vnyibcam MIOOHOB 0T PasnnyHbIX
QOVBVHECKIVX NPOLIECCOB B PP B3aMOMAEVCTB/EX Npvi aHeprin 14 Tab
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pr of muons from different processes




,D,I/I HaMWka MHORECTBEHHOIO POKAEHINA

AviHamnyecke cBoncTBa MHKIMIO3MBHEIX PEAKLN, ONCHIBAOLLNX
MHOXECTBEHHOE POXKAEHVE YaCTVLL, 00y CAOBIEHBI KMSTKUMWY aapoOHHLIMN
B3aVMOHAEVCTBUSMM

OnvecaHve «Marknxy» aapoHHBIX B3aMoAencTBum ocyulecTergdeTcd B KX
Ha OCHOBE EHOMEHONOMMYECKX MOLEEN

icTopnyeckn MoAeNbHEIE MPEeACcTaBeHNs 0 MPoLEecce MHOXECTBEHHOIO
POXAEHNS YaCTVL, pasBMBanch 0T CTAaTUCTUHECKMX K MMOPOANHAMNYECKNM,
B 1.Y. C YAapHOW BOSHOMN.

Creayruym 3Tanom NOCAYXUI MybTUNEPUMEPNYECKNE MOAENN, B T.Y. C
MyAbTREPNEPMUECKM 0OPA30BaAHNEM KITAaCTEPOB.

[aree Bo3HWKAV MOAESNb aAaANTNBHBIX KBAPKOB W KBAPK-NapTOHHAas
MOAENb, MOAESb NPEAENbHON dparMeHTaLmn

Momenb KBAPK-ITIOOHHbLIX CTPYH

OcHoBa COBPEMEHHOIO OMMCAHNA — MOHTE-KapJio KOMIMbIOTEPHOE
MOAENVPOBaHWE C MCMNOSIb30BAHMEM CTPYKTYPHBLIX OYHKLUNN HaYasbHbIX
HYKJIIOHOB 1 OYHKLMIN cpparMeHTaUmnm KBapKoB 1 FHOHOB.

Ang «MArkmx» U )KeCTKUX NPOLECCOB 3TV PYHKLUNY pasfinyHbI.



3aKioyeHe

VIeToak! NSMEPEHNA CTPYKTYPHBIX QOYHKLMI 1N OYHKLNN
doparMeHrmaLmy PaccMoTPEHE! B JIEKUNAX 4.,95.
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