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LO* PDF tuning, performance and validation

Motivation:

- description of shapes and hard process closer to NLO

- smaller K-factors (for some processes)

- up-to date PDFs (experim. data), smaller x? (0.001<x<0.1)
- see e.g. A. Sherstnev, R.S. Thorne, Eur.Phys.J.C55:553-575,2008

Need to check:
- use for UE and min.bias (Perugia X, PROFESSOR tune)
- any problems in some areas of phase-space (very high-pt processes ...)?

This talk:

- comparison to Tevatron and low energy data for UE and min.bias

- test of LO* PDFs for high-pt processes @ LHC energies

- current use for (Fortran) Pythia, (Fortran) Herwig + Jimmy, AcerMC

- using MRST2007lomod (LO* for MC), also briefly report on CTEQ LO*

Remarks:

- generator = Fortran Pythia (new PS/MI used @ ATLAS) unless specified otherwise
- generator level

- MC08, MC09 : ATLAS Pythia parameter sets (see next page)

- work of many people, presentation bias twd. high-pt, tT (L.M.)




Pythia tunes parameters, tech. info and references

Pythia (6.4.20) tune parameters: Generators versions:

- Pythia 6.4.20 (UE, min. bias)

parameter MC08 (CTEQELL) MC09 (MRST LO*) _ Pythla 6421 (hlgh—pt)
tp(61) 21 21 _
moPies) 3 i A_cerMC 3.6
mernis) 10043 20653 - Jimmy 4.31
t .
prac (6,1 172, 172.5 - Herwig 6.510
FnasiZa 3] Riet 918 - MC@NLO 3.1
pmas (24, . . .
2301 911876 911876 .
§$:§E23,2§ 214952 204982 Software. . .
mstp(;g) g g - Rivet for UE, min. bias plots
Ei%g%ggi % % - jets : ATLAS cone (04)
mete Analysis References:
parp(70) 0.3 0.3 >
parp(80) 0.1 0.1 - Leading Jets:
BIBEES) 8k i CDF Run I, PRD 65, 092002 (2002)
parp(84) 0.7 0.7 _ Min-Max:
parp(90) o.16 0.25 in-Max:
pazs (31) 0.23 0.23 CDF Run |, PRD70, 072002 (2004)
mﬁtjg%; % ‘21 - Min. bias:
me
por3(al) 7 0.3 CDF Run |, PRD 65 072005 (2002)
o HE J 832 Tune References:
g:;%ggé; e ’ - Perugia Tunes:
msgpgggg % % FERMILAB-CONF-09-113-T
E:q}:(ss) 2 2 home.fnal.gov/ skands/leshouches-plots/
87 1 1 .
e 4 h i - PROFESSOR Tune:
perp(89) 1800, 1600, arXiv:0906.0075v1




LO* for UE and min.bias data: increased soft activity

Observed: if LO* used with LO tune (CTEQ6L1,MRST2007lomod,MC08):
- increased soft jets # [large impact: PARP(90)]

- increased event-size (~ 20%) [large impact: PARP(82),PARP(90)]

- due to too much UE activity (indep. UE check)

Pythia CTEQGLT + MC08
Pythia LO* pdf + MC08
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Reminder:
PARP(82): MI(ISR) ptmin cutoff
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Check: soft activity: CTEQ6L1 + MCO08 tune ~ MSTWO08 + MCO08 tune
Perugia X very useful reference, but we have specific requirements

= Tuning

- use MCO8 as baseline

- ISR/FSR parameters left as in MCO08 (if possible)
- b-fragmentation function tune

N
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Result: MCO09 tune



LO* for UE and min.bias data: MC09 - Leading Jets
T\Ium (transverse) for min-bias Num (transverse) for JET20

F —— MCog tune Markus Warsinsky | —— MCog tune
—— MCo8 tune —— MCo8 tune
Perugia® tun| Perugia® tune

+

—— data

Region transverse to leading track jet!

s s L F
k] £
I = 3 LE
9y 1 v 2
g == $ b een e B
Ere— 1 & [ E = = = =
08
[ R . ol i R PR I TR I
s 10 15 20 20 25 30 35 20 5 0
P (transverse) for min-bias p°™ (transverse) for JET20
£ —— MCog tune | Markus Warsinsky —— MCog tune
—— MCo8 tune —— MCo8 tune

Perygia* mmﬁ Perugia* tune

Region transverse to leading track jet!

MC/data
MC/data

o 5 10 15 20 20 25 30 35 40 15 50

P of leading track jet [GeV] P, of leading track jet [GeV]




LO* for UE and min.bias data: MC09 - Min. Bias and b-fragm.

charged multiplicity at /3 = 630 GeV, |y| < 1, pr > 0.4 GeV charged multiplicity at /5 = 1800 GeV, [y] < 1, pr > 0.4 GeV
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Also: good news: Min.-Max. analysis problem solved, MC09: good description of the data.



LO* for UE and min.bias data: predictions for LHC

Status Summary:

parameter sets that are able to describe UE and min.bias data have been identified for:
- LO* PDF: MRST2007lomod (LO* for MC)

- Jimmy 4.31 + Herwig 6.510

- Pythia 6.4.20 (6.421)

Predictions @ LHC energies (10 TeV):

- strong dependence on power of energy rescaling of (MI) ptmin cutoff
- Fortran Pythia and Jimmy tunes: similar predictions for LHC energies
- ~ factor of two more activity than at Tevatron energies
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High-pt processes @ 10 TeV: Zee
Z—ee, imass (CKIN(1)) >60 GeV, # |: pt>10.GeV> 1, n<2.7, 250k anal. events, no norm.
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High-pt processes @ 10 TeV: Zee - 2
Z—ee, imass (CKIN(1)) >60 GeV, # I: pt>10.GeV> 1, n<2.7, 250k anal. events, no norm.
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High-pt processes @ 10 TeV: LQ - 1
LQ (ue) production: qg—elLQ, gg—LQLQbar, qqgbar—LQLQbar, LQ mass=400 GeV
100k analyzed events, el.-jet OL cone: 0.4

a
g
8
8

T

4000

3000/

# entries (100k events) [10 GeV]

——— MC08, CTEQ6L1

MC09, MRST2007lomod

LQ:LQeta

—— woos,cTeasLt

1]

= 6000 pr—
Tt

g
S

# entries (100k events) [0
s
8

Py

D9, NRST2007Iomod

3000 ]
2000 E
2000 i
1000 1000 ;r: T
0 | ol L x10° il Ll =
200 400 600 800 1000 1200 1400 43 2 a0 12 e
[Mev] eta
LQ: st jet pt —— MC08, CTEQSL (LG Tstjeteta ] ——— MCo, CTEQ6L1
5‘““} !l“w MCO3, MRST2007omod | 5 |
e | 7 3000F ﬁ’ b
3 1000/ § E =
e I | 3 a0 i
5 00— ! g F
"t 1 < 2000 .
g i v Pl 0
w 600— 1 g _r
8 Tk I ’16 § 1500
i Y =k F q
o 400 ; nﬂ, = b
pI— by ,lj L
r o, 9
[« 3 E :
ofs 4 . ‘ M“r“"w‘& 10° oFt Sslo i | L1
100 200 300 400 500 600 700 43 2 4 0 1 2 3 @

A U
800 900 1000
[MeV]

/SN

10/21



High-pt processes @ 10 TeV: LQ - 2

LQ (ue) production: qg—elLQ, gg—LQLQbar, qqgbar—LQLQbar, LQ mass=400 GeV
100k analyzed events, el.-jet OL cone: 0.4
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High-pt processes @ 10 TeV: tT - 1
tT, # lepton>=1, 250k analyzed events, no norm., bug: #events—#entries

Acer+Pytl eleta
: -
: e
« S000f-

+ NCOB
——— MCOB, but ME=LO*

3000

2000

4 NCOY, but ME=CTEQSL!

—— Neo

&
~

hrly,
- 0 1 2 3 4

+  ucos
——— MCO8, but ME=LO*

S 4 MC09, but ME=CTEQSLY
h —— wcng

2
H

# ever

Acer+Pythia, tT: (t+tbar).pt

+  MCOo8

18000

16000

14000

1200¢

10000

8000~

—— MCO8, but ME=LO"
4+ MCOS, but ME=CTEQ6L1
——— MCog

Ll
10000 20000

Lo | =
30000 40000 50000 60000
[MeV]

# events

+  MCo8

—— MCG08, but ME=LO*
4 MCO9, but ME=CTEQ6L1
—— MC03

X10°
200 250 300 350 400 450 500
[MeV]




High-pt processes @ 10 TeV: tT - 2

tT, # lepton>=1, 250k analyzed events, no norm., bug: #events—#entries

Acar+Pythia, tT: jet pt<20 GeV #

+  MCOg
—— MCOg, but ME=LO"

Acer+Pythia, IT: jet pt>60 #

s F
Ssi000  [o] & MCOS, but MESCTEQBL1
3 50000
= —— Mcog
400001~ Mean 3.1
r Mean 3.2
F Mean 3.3
30000r~ Mean 3.3
20000f
Fa
100001
L L L I
2 6 18 20
Hets

+  MCo8
—— MC08, but ME=LO*

4 MCO9, but ME=CTEQ6L1
—— MC09

¥

Mmcos

# events

—— MCO8, but ME=LO"

4
#iets

.

MCO8, but ME=CTEQ6L1

——— MCog

50 100 150 200 250

300 350 400 450 50
[MeV]

b
x10°
0

+ mcos
——— UGO8, but ME=LO*
o3 4 W09, but MESCTEQ6LY
—— wucon
/A TR PR PR NURT FUNTH FR T i,
3 2 4 0 1 2 3




High-pt processes @ 10 TeV: tT - 3; qq/gg ratio, K-factors
t mass = 172.5 GeV, 100k events

generator PDF set qq (£ 0.3%) | o/ono | K-fact
Pythia 6.4.21 CTEQ6L1 18% 1.9 2.1
Pythia 6.4.21 MRST2007lomod 15% 1.3 1.5
AcerMC 3.6 + Pythia 6.4.21 MSTW2008 19% 1.8 2.0
AcerMC 3.6 + Pythia 6.4.21 CTEQ6L1 19% 1.8 2.0
AcerMC 3.6 + Pythia 6.4.21 MRST2007lomod 16% 1.3 1.4
MCONLO 3.1 + Herwig 6.510 CTEQ6M 14% 1.0 1.1

—— AcerlC, MSTW2008 @ —— RcerMC, MSTW2008

—— AcerMC, CTEQ6L1 —— AcerMC, CTEQ6L1
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—— MC@NLO, CTEQém
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- LO* K-fact. < LO K—fact.\/

- LO* qq/gg ratio and tT.m
- remark: qq/gg ratio diff = t n diff

Lreference x-sect.: o ~ 407.3 pb, CTEQ6M, t mass=172.5 GeV: M.Cacciari et al., JHEP 809, 127 (2008)




High-pt processes @ 10 TeV: Perugia X for tT
tT, # lepton>=1, 250k analyzed events, no norm.

parameter type | P-X | MCO09
MSTP(64 ISR 3 2
PARP((64)) ISR 20 10 parameter type P-X MCO09
MSTP(67) ISR 5 5 PARP(82) UE 2.2 2.3
PARP(67) ISR 10 4.0 PARP(71) FSR 2.0 4.0
MSTP(70) ISR 2 0 PARJ(81) FSR 0.257 0.29
PARP(62) ISR B 10 PARJ(82) FSR 0.8 1.0
MSTP(72) ISR 1 1
Pythia 6.4.20, {T: jet pt<20 GeV # + MSTWOB + MGO8 tune Pythia 6.4.20, tT: (tFtbar).pt + MSTWO8 + MCO8 tune
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- Perugia tune for LO* has less soft jets than MCQ9,
- also has less hard jets (PARP(67)=1 vs PARP(67)=4)




Brief report on CTEQ LO*

- provided privately by Joey Huston

- Pythia parameters set that gives reasonable description of " Leading Jets",
"MIN-MAX" and “Min. Bias” (plots below) already identified

- work in progress (note: both CTEQ modLO and CTEQ6L1 tunes experimental)
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Results Summary

- Fortran Pythia and Jimmy + LO* : can be tuned to describe min.bias and UE data

- no problems found for high-pt processes

- Note: extensive tuning and testing done for MRST2007lomod (LO* for MC),
results of first tuning attempts for CTEQ LO* encouraging
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Additional Slides




High-pt processes @ 10 TeV: Zee - 3
Z—ee, imass (CKIN(1)) >60 GeV, # |: pt>10.GeV> 1, n<2.7, 250k anal. events, no norm.
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High-pt processes @ 10 TeV: LQ - 3

LQ (ue) production: qg—elLQ, gg—LQLQbar, qqgbar—LQLQbar, LQ mass=400 GeV
100k analyzed events, el.-jet OL cone: 0.4

left plot: cuts: pt>1 GeV n<7.,

right plot: no cuts
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Conclusions on LQ production:
- no problems found

(- LO*(4+MCQ09) : more small n LQ, hard jets than CTEQ6L1(+MC08))



High-pt processes @ 10 TeV: tT t n shape

tT, # lepton>=1, 150k analyzed events, no norm.
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