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JNlaypeat JleHnHcKon npemunn, akagemuk PAEH,
3aBeayowmm Kabeapom GU3nNKmM sNeMmeHTapHbIX
4yacTuy, AOKTOp $m3.-mat. Hayk, npodeccop,
«oTeu» AeTeKTopa nepexogHoro nsnydeHuna ATLAS,
OPraHM3aTop N PYKOBOAUTE/Ib POCCUNCKOM YaCTH
CotpygHuyectsa TRT ATLAS

IIIII

ATLAS TRT

I'pynna
MOCKOBCKUX
UHCTUTYTOB:

MNOU,

DO AH,

HUNAD MI'Y

o
o Barrel transition radiafion fracker
i y End-cap fransition radiation fracker

i End-cap semiconductor tracker
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BBeaeHue

« OcHOBHAasI 11eJIb - 8bLSICHEHUE (hOHOBBIX YCA08UIL
peaucmpauuu pedkoz2o pacnada Bs—>uu

« MoTtuBanus —
1)noayueHue nepswvlx danHsvix LHC,

2)noseeHue Ho8blx 2eHepamopos cobbimuil (uau
HOBbIX HACMPOeK), UCNOAb3YUWUX COBPEMEHHOE
meopemuueckoe onucaHue npouecca poxcoeHus b u
¢ — K8apkos (a0poHO8 C MAMCeAbIMU K8apKamil) —
NLO pQCD (doxaao JI.I' naduauna)
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[lepBble pe3ynbTtatbl LHC

o IIOBBINIIEHHAA IUIOTHOCTD 3aPAKEHHBIX YAaCTHUII B
COOBITHAX C MUHUMaJIbHBIM OTOOPOM ITIO
CPaBHEHUIO C MOJEJIbHBIMHU IIPeICKA3aHUAMU

« 3HaUUTEJIbHOE yBeJIuUeHHe IIJIOTHOCTU
3apsKEeHHBIX YaCTUI] B COIYTCTBYIOIIUX
coOpITHAX (UE) o OTHOIIIEHUIO K COOBITHUSM C
MUHUMAaJIbHBIM oTOOpOM (min bias) -

e Ba)XHaa poab MHOrONapPTOHHbIX B3aUMOAENCTBUI

(MPI) npu aHeprmuax LHC (Cm. noxnanst P.®dunga (R.Field)

1 MaTepuasbl copemanua: MPI'08, Perugia, October 2008,
arXiv: 1003.4220)
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Occasionally one of
the parton-parton
collisions is hard

(pr= =2 GeVic)

Proton

Majority of “min-
bias™ events!

Proton

UF-IFT Seminar
Gainesville, FL, November 19, 2010

“Semi-hard™ parton-
parton collision
(pr ==2 GeVic)
+ Fralsn _;—_-—;_;__,'d:—._;:':f_;- Fralsn
Pretan Pratan .TH-.‘-_— .__,;:1_ e Firalain
+ —— e
e Nultiple-parton
interactions (MPI)!
Rick Field — Florida/CDF/CMS Page 27
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«CormyT

Select inelastic non-diffractive events
that contain a hard scattering

Proton

Hard parton-parton 1(pp*— V(p*+pop)
collisions is hard “Semi-hard™ parton-
(pr = =2 GeVic) The “underlying-event” (UE)! parton collision
(pr ==2 GeV/ic)
=
Given that vou have one hard =7 e
scattering it is more probable to
have MPI! Hence. the UE has
more activity than “min-bias™.
Multiple-parton
) interactions (MPI)!
LUF-IFT Seminar Rick Field — Florida/CDF/CMS Page 28

Gainesville, FL, November 10 2010



W@ MPI@LHC 2010 ¢:
New LHC Tunes: What we have learned

Q... Rick Field P
€.... University of Florida § _.:.l;'.'n":_',_’_',',"f’
@ynamics Outline of Talk

-
e ik s e AT

% The CDF Tevatron tunes do not produce enough soft
particles.

Glasgow, Scotlan hifovemper 2010
® PYTHIA 6.4 Tune Z1: New CMS 6.4 MB tune (pT-

FTi{hard)
ordered parton showers and new MPI). o

Pl‘ﬂtﬂ'll ___.--_ﬂl;t——rnl_ ..............
®» Examine how well the Tune Z1 fits the LHC UE Underlying Event _h-:::.t—#: __ Usderlying Event
data (CMS, ATLAS, ALICE).
_ Pl‘ga;;S_taTe
®» Examine how well Tune Z1 fits the LHC MB Qe Farmn
data (CMS.ATLAS, ALICE). “Minimum Bias” Collisions

Proton

MPI@LHC 2010

Rick Field — Florida/CDF/CMS
Glasgow, November 30, 2010
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NTor:

« MHOrOonmapTOHHbIE B3aUMO/IENCTBUSA UTPAIOT
Ba;KHYIO POJIb B POKIEHUU YaCTUIL B COOBITHAX C
MHUHHUMaJIbHBIM OTOOPOM M OCOOEHHO B
COOBITUAX, T/i€ IPUCYTCTBYET KECTKOE
paccessHUE

« OHH CIy»KaT BasKHBIM ITapaMETPOM HACTPOUKHU
PYTHIAG6.4 u npyrux reHepaTtopoB

 lasiee OyzieT MOKa3aHO KaK 3TOT HapaMeTp
BJIUsSIET HA ceUueHUe POoKAeHUs b-KBapKoB
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[lepBble U3MEPEHMA CEYEHUM b-
poxaeHna Ha CMS (BPH-10-007-pas)

The inclusive b-quark production cross section ¢ is calculated according to

data

c=o(pp—=b+X = u+X,| >6GeV, 5| < 21) = EE

The result of the inclusive b-quark production cross section within the kinematic range is

(: (1.48 + 0.04gpar £ 0.224 + ﬂ.lﬁhm@

The systematic error is discussed in the following section. For comparison, the inclusive b-

quark production cross section predicted by PYTHIA and MC@NLO are:

opyTHIA = 1.8ub,
omcanLo = [0.841038 (scale) £ 0.08(mp) £ 0.04(pdf)] ub.
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[lepBble U3MEPEHMA CEYEHUM b-
poXXaeHUA Ha LHCD physics Letters B 694 (2010) 209

OneHKa MOJIHOTO CeYyeHuUA
poxzaeHud B-aapoHoB mmyTeM

MOJIEJIbHOM SKCTPATIIOISIINHI
Ha BCE 1| U PT

7(pp — bbX) = (284 £ 20 4 49) ub

a(pp — HpX) as a function of 5 for the microbias (x) and triggered (e) samples,


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
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[ eHepaTopbl
Hamu nokazano (C.TypuuxuHn), utro PYTHIA6.4 c

HactporkaMu ATLAS MCo8 onuceiBaet ganabie CDF:

=
) r
il C —— Bee mexasnzue
ué‘ B -----—- Ilapuoe postenne
= 4 h_f= | — Bosfyaxnenne
B I S T 1 M Pacmennenne roona
= B - —s— Ianuwe CDF
2 r L
- R atl
B i -
1n-1 = é } 1
- Tmawr L
L : Ag, pan
1 u'z — : ! Puc. 2. Pacopezenerne pasnocTH asuMy TAIBHEX YINI0E BeUleTa Ad Mexay asymsa B-agposamu B
E | | i | i i ‘-*— MoJe/n (CIIoIIHAS THHN) 1 n3MeperHoe B skenepivente CDF [11] (Toukn ¢ omuSkamn) opu
1 1 ks | 1
0 5 10 15 20

1
_25 \/E = 1800 I'sB, ana nonepetnbm umiyascos B-mesonos pr1 > 14 TsB/c, pre > 7.5 I'sB/cu

pr, IsB/c

necesnobueTpor || < 1.0,

Puc. 1. Mogenpueie pacupejeeHIs NolepedHONo HMIVILCA B-alpoHa B pas/IMYHED MeXAHITIMAX

posetna n nsmepertoe 5 skcnepumente CDF [8] npr sueprim picoyaapenntt /s

| < 0.6.



CeyeHunsn poxaeHMs b-KBapKa Yepe3 MeXaHM3M
PaCLUEN/IEHMNA FNIOOHA NPU PasHbIX HACTPOMKaX
MHOIOMapTOHHbIX B3aMMOAENCTBUM

PYTHIA 6.4 | PYTHIA 6.4 | PYTHIA 6.4 | PYTHIA 6.4

All pt 152 261 + 185 + 107117

+13(stat.) 23(stat.) 36(stat.) (stat.)
Pt>10 18 36 20 21
GeV/c




MI/I(DI/I

CneKTp Macc guMmiooHoB p.>4l3B/c oT aByX

b-KBapKOB OT pa3HbIX MeéXaHW3MOB
Dimuon invariant mass | | I

_ PYTHIA6.4

0.005

0.004

JloMUHUDpYET BKJIA/L
pacierieHus riirooHa GS

0.003

0.002

0.001

0 1 I 1 —|—|f| 1 | 1 1 1 1

o
(4]
-
o
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BbiBOA:

« PacuiernieHue rjirooHa — OCHOBHOU MCTOYHUK
KOMOMHATOPHOTO (pOHA IIPU PErUCTPaAIlUU
pEeIKOro paciaaa Bs—uu (perucTpupyroTcs ABa
b-kBapka)

 JIJ1g curHaJsia BHOCAT BKJIAQ/ BCe MeXaHU3MBbI
pOKIeHns b-KBapKoB (peructpupyercs OAnH
KBapK)



dN/dA, rad”

'\l

o
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Pacnpenenenue 3apAKeHHBIX YACTULL B
COOBITHUH IO a3UMYTaJIbHOMY YTJIY

OTHOCUTEJILHO BbLJIeTa B-Me30Ha

CneKTpbl CONYTCTBYIOLWMX COBbITUM

Ceuenmns b-kBapxkos ¢ pt>10I'3B/c,
n|<2.5

B-me30HEI C
HWT pr>10I3B/c, |n|<2.5 HJP

Gluon Splitting

Flavour Excitation

Flavour Creation

-3 -2 -1 0 1
A, pag.
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Ceuenne, M

Mexanuzm

7 T=B 14 T=B

[lapuoe posnenne 1504+£0.1] 343401
Bosbyanenne 447+ 0.2[104.6 £ 0.5

Pacimennenne rmoonall944+0.7] 712425

Ceuenus mmap b-KBapkos ¢
pr>10I'3B/c, |n|<2.5

Mexanmzm

Ceuenne, MKD

[Mapuoe poxnenme
Bosty # nenne

Pacmennenne rmoonall.50 £ 0.18

4.34 + 0.03
3.87 £ 0.07
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XapaKTepHble 0CO6EHHOCTU (POHa NpH

permcTpaummn pacnaga Bs->uu

« JlToMMHUpOBaHNE MeXaHU3Ma pacIlellIeHUA
IJIIDOHA

o IToBhIIIeHHAs IIJIOTHOCTh YaCTULI COMYTCTBYIOITNX
COOBITUH /]I MeXaHH3Ma pacllellJIEHUs IJII00Ha

e JTO 00bsACHSIET 3(PPEKTUBHOCTD YCJIOBHS
M30JIUPOBAHHOCTH I10/IaBjIeHUs (POHA IPU
BbIJIeJIECHUH CUTHAaJIA OT paciiaza Bs—>uu

* [loKa3bIBaeT 3aBUCMMOCTb 3PPEKTUBHOCTHM BblaeNEHUA
5TOro pacnaga oT YC/I0BUN poXKaeHUa b-KBapkKa,
MEXaHWU3Ma ero poxKaeHua — TpebyeT NpaBuUAbHOIO
reHepaTopa cobbiT ana onncaHua GoHa
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3aKk/1to4eHue

» HeobxoamMo IIpoBeJieHre MOJIeTNPOBAaHUSI
POKIEeHUA b-KBapKOB ¢ TeHepaTOpaMHu
MC@NLO, POWHEG-PYTHIA, POWHEG-
HERWIG, PYTHIA 14 onieHKH
KOMOMHATOPHOTO (pOHA OT HAPHOTO POKJIEHUS
b-KBapKOB 1 MapHOTO POKJIEHUS C-KBAPKOB.

« I3MepeHue criekTpa Macc IUMIOOHOB Ha
NMEIOIIENCA CTATUCTUKE 3aPETUCTPUPOBAHHBIX
PP-B3aUMMOIENCTBUM- OCHOBHAA 3a/1a4a.



Strange Particle Production

—e— ALICE,\'s = 900 GeV Factor of 2!
—e— E735.\s = 300 GeV | -

—&— E735,\s = 540 GeV | |
—+— E735,\s = 1000 GeV

P
—4— E735,\s = 1800 GeV | T | /
0.4 [ ALICE preliminary 7
" stat. error onIy % -

et I Bxutag D-
ool T Me30HOB!?!
- — Phojet
- - Pythia ATLAS-CSC
0.1 Pythia D6T
: --- Pythia Perugia-0
0..|.I|..||.||.||||||||||||

0.5 1 15 2 2.5
p, (GeV/c)

- Alot more strange mesons at large p; than predicted by the Monte-Carlo
Models!

- K/r ratio fairly independent of the center-of-mass energy.



Back up slides
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Allow leading hard

LUF-IFT Seminar

Gainesville, FL,

Model of the inelastic non-
diffractive cross section!

scattering to go to
zero pt with same
cut-off as the MPT!
m—
Piaioi Proton
= —
1/ 451/ N “Semi-hard™ parton-
(pT) (P"[ Pro } parton collision
W (pr <=2 GeV/c)
Profis _I_ Pral _;—_-—;,.{—E'.r‘-_r; Fraton
Prebai Tratan e Frata
+ —e
=== N [ultiple-parton
interactions (MPT)!
Rick Field — Florida/CDF/CMS Page 20

November 10, 2010
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® All my previous tunes (A, DW, DWT,

PRI 63 bt doubd el

ordered parton showers and the old

PARP(

MPI model (really 6.2 tunes)! 2
® I believe that it is time to move to

PYTHIA 6.4 (p-ordered parton

showers and new MPI model)! . S
®» Tune Z1: I started with the parameters Diffrac

of ATLAS Tune AMBT1, but I changed 1
LO* to CTEQ5L and I varied PARP(82)
and PARP(90) to get a very good fit of
the CMS UE data at 900 GeV and 7 TeV.

» The ATLAS Tune AMBT1 was designed
to fit the inelastic data for Nchg > 6 and
to fit the PTmax UE data with PTmax >
10 GeV/c. Tune AMBT1 is primarily a
min-bias tune, while Tune Z1 is a UE
tune!




|

une

Tune Z1 Tune AMBT1
7 Parameter (R. Field CMS) | (ATLAS)
Z Parton Distribution Function CTEQSL LO*
Parameters PARP(82) — MPI Cut-off 1.932 2.292
not shown | | psrp(89) - Reference energy, E0 1800.0 1800.0
are the PARP(90) — MPI Energy Extrapolation 0.275 0.25
PYTHIA 6°4 PARP(77) — CR Suppression 1.016 1.016
defaults!
PARP(78) — CR Strength 0.538 0.538
PARP(80) — Probability colored parton from BBR 0.1 0.1
PARP(83) — Matter fraction in core 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025
PARP(93) — primordial kT-max 10.0 10.0
MSTP(81) — MPL ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kKT 1 1
MSTP(95) — strategy for color reconnection 6 6
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e Min-Blas SummaTy

»We are a long way from having a Monte-Carlo model that will
fit all the features of the LHC min-bias data! There are more
soft particles that expected!

» We need a better understanding and modeling of diffraction!

=» It is difficult for the Monte-Carlo models to produce a soft
event (i.e. no large hard scale) with a large multiplicity. There
seems to be more “min-bias” high multiplicity soft events at 7

»T5¥ 1h 3H&§?{H9{8{Iﬁ’%ﬁl‘fc@é’ﬂﬁh§h strange particles! I have no

idea what is going on here! The Monte-Carlo models are
constrained ¢
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