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® Every piece of data has yielded valuable information, nothing wasted,
nothing redundant, including the runs at 900 GeV

® Amazing degree of coherence, overall coordination and planning in the
execution and delivery of the analyses.

® Remarkable thoroughness of enquiry

® As theorists, we found:

® Things that should have worked, did work, but still (syst+stat)exp > (Syst) TH
® Things that may not have worked, did work, and (syst+stat)exp < (Syst) TH

® Things that we had no robust prediction for: some of them worked,
others didn’t ....

® Things that we had no clue, didn’t bother to study and make predictions
for, and turned out to be exciting
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Inclusive jet Et spectrum
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Inclusive jet Et spectrum
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Full 2010 luminosity update:
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See P. Wells, for the ATLAS collab., 104th LHCC session, http://indico.cern.ch/conferenceDisplay.py?confld=112439



" CMs pr&llmmary, Eﬂ nh'I Vs =7 TeV

- N — EG T T T UL L L | T T T LI B |
a2 120— T -4 &R - .
=) otal uncarl:am <05 - <0,
> n{]' - Absolute p, (5%) Iyl 1 £ | <0.5 [ ] Total uncertainty :
€ 1 1 Relative p_ #1%) E JE' 4{'}-_— - PDF (CTEQ6.6) _
E BU:— I P, resolution (£10%) _ E —— NP (Pythia-Herwig+ +}:
§ 60F 4 % Scale (W2—21) -
D 40- 1 5 ]
- m———s B
20 = E
2

-20

-60=:

-40
Anh-lcr R'ﬂ 5 F"F

a—

Antl-k R-l.'l 5 Jets

20 30 100 200 1000

P, (GeV) 20 30 1ﬂ'ﬂ 200

P, (GeV)

PDF will be dominant
source of theoretical
systematics at large Er



Uncertainty (%)

" CMs pr&llmmary, E'I.'I nhr'I Vs =7 TeV

60—

AN R A B R B |

|<0.5 [ ] Total uncertainty

.. PDF (CTEQ6.8)

—— NP (Pythia-Herwig++)-
Scale (W/2—-2p) -

T T f N B R |

PDF will be dominant
source of theoretical
systematics at large Er

Antl-k R-l.'l 5 Jets

120 [ Total uncartam <05 - 2
- [ | Absolute P, (+5%) Iy ] < i
1ﬂ{] 1 Relative p_ ©1%) E 'E' 401
EI'J— N P, resolution (£10%) A g I
60~ i 8
[ ] =
40 - =
F m———s B
20 E E
;2
D%—_ 1 =
20 — v
-40 -
E“"h'kr R= n 5 PF _ .
-EBZD 30 1DD EDD 1000 2‘0 3:0 o
p, (GeV)

How powerful will be the
jet data at large N in
reducing this systematics!?

~100 200

P, (GeV)
CMS preliminary, 60 nl::1 Vs =7 TeV
;101‘1 T T T T T 1 T'l L] T T T T 01 l
> . |y|<0.5 (x1024)
Q) Ny o 0.5<|y|<1.0 (<256)
8 107 . 1.0<]y|<1.5 (x64)
2 ® o 1.5<|y|<2.0 (x16)
a7 L . 2.0<|y|<2.5 (<4)
1: 10 . 2.5<y|<3.0 (x1)
©
B 10°
6
10° 2
10 — NLO pQCD+NP

[ | Exp. uncertainty
107 Antl-k R=0.5 PF

I:IIlI.I. _IlII

20 30 100 200 / 1000
p; (GeV)

Tevatron
Limit



Uncertainty (%)

" CMs pr&llmmary, E'I.'I nhr'I Vs =7 TeV

EG1 T T T T T 717 T ™ T T T 71

1200 — Igt:;m:;ﬂﬂg Y, <05 - £ Rlyl<05  []Total uncertainty -
1ﬂﬂ _— Relative P:r |:+1%], 3 .E' 40+ e PDF [CTEQE.E] —
80~ I P, resolution (:10%) -8 | — NP (Pythia-Herwig++)]  PDF will be dominant
60:- i 8 Scale(i2-21) | source of theoretical
:E’ __— 2 systematics at large Et
-
n%— 1 E
20 . =
4DE! ti-k, R= HSPF 3
0L “3:' SN Anti-k, R=0.5 Jets -
100 (GE,}':;D” 20 30 100 200
Pr p, (GeV)
CMS preliminary, 60 nl::1 Vs =7 TeV
;101‘11 T 'I'ITTT'l L] T 'IT'I'I'II
> . |y|<0.5 (x1024)
Q) P o 0.5<|y|<1.0 (<256)
8 107 . 1.0<]y|<1.5 (x64)
2 ® o 1.5<|y|<2.0 (x16)
a7 L . 2.0<|y|<2.5 (x<4)
10
1: . 2.5<]y]<3.0 (x1)
©
How powerful will be the E 10°
jet data at large n in 10° :
reducing this systematics!? _
10 — NLO pQCD+NP

[ | Exp. uncertainty
107 Antl-k R=0.5 PF

I:IIlI.I. _IlII

Notice reach in Et 20 30 100 200 / 1000

down to 20 GeV!! Tevatron P, (GeV)
Limit




Integrated jet shape
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Probes modeling of shower evolution, with implications for:
- precision QCD studies (e.g. jet Et spectrum, data vs NLO)
- jet spectroscopy (e.g. top mass determination)

- multiparton matrix-elements/shower matching
- ptW
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Other global properties of jet final states

Dijet Angular Decorrelation
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NLO W* — v at the LHC (Vs = 7 TeV)

benchmark W,Z cross sections

differences probably
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W/Z pt spectra
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W/Z pt spectra
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From the perspective of QCD, the modeling of W and Z pt is the same. So the different levels of
agreement between data and theory in these two plots suggest that some more tuning of the
detector description is required before moving on to quantitative tuning of QCD MCs.



W+tjets

Events
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See P-H Beauchemin for the ATLAS collab., CTEQ Workshop Nov 19-20 2010
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W+tjets
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Statistics even out in the e and mu channels at large Nje;, making the agreement even more remarkable

See P-H Beauchemin for the ATLAS collab., CTEQ Workshop Nov 19-20 2010



W+jets, Et spectrum
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Lepton rapidity charge-asymmetry in W production at the Tevatron
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Lepton integrated charge asymmetry at the LHC
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EW boson production in the forward region, LHCb
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These observations open the way for many interesting
new measurements, from PDF constraints, to a
determination of Ags and sin20w

See S.Stone, for the LHCb collab., 104th LHCC session, http://indico.cern.ch/conferenceDisplay.py?confld=112439




EW boson production in Pb Pb collisions, CMS
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Heavy quarks
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See P. Wells, for the ATLAS collab., 104th LHCC session, http://indico.cern.ch/conferenceDisplay.py?confld=112439
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Few words about quarkonium

o LA AL B LR BN T
S 10°F —~- CMS data :
ﬁ TN, PYTHIA -
€ 10F CASCADE -
2 | CEM .
a L
% g I}rﬂwl <1.2
“o
x107F _ E
m ;
102F CMS,\'s=7 TeV &“\\—
- L=314nb" i
) I BT EPEPEEN B IR -
0% "5 10 15 20 25 30
pf”J (GeV/c)
= 10
S E —— PYTHIA
g CEM
2 L —— CASCADE
iﬁ 1 = CMS preliminary
o ly(Y)l<2
10‘15— L I
- = B
| \/s=7 TeV, L= 280 nb' I_‘—|_r-
]
L T T T N T R R T o™

p‘Tf (GeV/c)

—_—— o L t e — T | ! L
S 10°F . ~—CMSdata { = 10°E'%. —CMS data *
(1}] TN ] o) 7 i
S 7Nk ~~PYTHIA { ¢ [/ N\~ PYTHIA ]
% 10 CASCADE - -E 10 — CASCADE +
> CEM 1 > | CEM ]
o_ T 0 i
g 1t ~o12<ly I<16 9 & 18 - 16<ly <24 7
~ Jhp ] - Jhp ]
B 1 B .
5 i~ i c:]a .
x107F ' 1 x107'F ' E
m 1 m : -
102F CMS,\s =7 TeV <.  10%F CMS,Ns=7TeV E
" L=314nb" ] - L=314 nb" i
103...|....|....|... NPT R _10_3....| o b b b e by
0 5 10 15 20 25 30 0 5 10 15 20 25 30
pl'¥ (GeVrc) p‘_:_h” (GeV/c)
& ‘ o 0.00<ly g 1077 il E o ALICE scaled 27<y<38
= 10| s T 18 &
-; . T ey :>. ] ﬁj& Inclusive J/Ay
2T T 28} o1 3 107 _ H.Woehri
= F e E X i
d ¥ H S _4.C. Lourenco
‘5__ 105 - ‘} 1 1 +
a , : =4
R Th =z 17
5 | o S & "*"
° eyt g ""';},1 1 LHC \s=7TeV
t ) 1 Preliminary A
0 2 4 6 8 10 12 14 o
Jiy p, [GeV] 0 2 4 6 8 10 12 14 16

p:/”’ [GeV/c]

24



d°c/dp_dy*Br(J/y—p'w) [nb/GeV]

P p——p—— -—

m

Y————

pr—p—

—— - —ry

10*E -+ (Pythia+NRQCD)x0.1 a 150sly|, <225 - LHCb-CONF-2010-010
E Spin-alignment uncertainty w0 755:7[‘ \,*'1-50 3 — T T ]
[ o 0.00sly|, <0.75 7 L LHCb ]
10° £ : y > Preliminary i
3 ; " 3 S s=7TeV 3
; i S ] r-] L=14.2 nb" -
10°F . el = T —e— 7
I ‘1 ; :‘J; Q —— | E
10 g 1k —— — -
i “#} x10 o B —=_,_
| i 10°E" u LHCb data _—*
i T F A LHCb simulation (PYTHIA 6.3 Color Singlet) —*——;
ATLAS Preliminary e - @ LHCb simulation (+ PYTHIA 6.4 Color Octet)
FoL,=95nb" ;}11 . A B SRR SRR
0 2 4 6 8 10 12 114 0 2 * ® o by
GeV/c
Jyp, [GeV] m P, [GeV/c]
14 d ¢
[ N N J
= 10° Di 10° -
S irect J/yy, LO NRQCD : Direct J/yy, LO NRQCD
g Direct J/iyp, NNLO* CSM . Direct J/y, NNLO* CSM
-~ o— Prompt Jiyp, i, =0 | E_ —+— Prompt Jhp, b, =0
=3 10% - —=a— 0.67 - Prompt J/yp, &, =0 107 —— —=— 0.67 - Prompt J/yp, 3, =0
o e Prompt J/yp, CEM v Prompt J/yy, CEM
8 : o
S CMS \s =7 TeV ' CMS \'s =7 TeV
= 10 Preliminary, L=100nb" | 10 —@—  Preliminary, L = 100 nb"
T.
é_
 1- 1=
m ; ]
| lyl<1.4 B ~_ | 14<lyl<24
107 - 107
1 11% global uncertainty | 1 11% global uncertainty _'_|
L 1T T T 1 T T LA L S L | T T T | AL L
0O 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

P, (prompt J/y) [GeV/c]

P, (prompt J/yp) [GeV/c]

25



T

d’o/dp_dy*Br(Jiy—u’w) [nb/GeV|

1.50<ly| <2.25

s 0 TELh Y o1 & LHCb-CONF-2010-010
= /\);;y[l"-J.oO 1 p— | L — - T
o 0.00<ly| "<0.75 ] o LHCb -
-y } - - .
4 o Preliminary 4
: S s=7TeV E
' r-] L=14.2 nb™ 3
E' == ]
B U U $} x100 —_ ——
| s TEE T
| >1° —_—— E
; ‘ '} x10 i o :.:_‘__._
| 2% : 10°E" u LHCb data : _—
11 - A LHCb simulation (PYTHIA 6.3 Color Singlet) —*——;
ATLAS Preliminary e 3 - @ LHCb simulation (+ PYTHIA 6.4 Color Octet)
! l””~9.5nb’ ;}11 ] P BT T BT T BT R
6 2 4 6 8 10 12 114 . 0 2 * ® o °
GeV/c
Jyp, [GeV] m P, [GeV/c]
1d d¢
[ N N J
- 10° Di 107
S irect J/yy, LO NRQCD : Direct J/yy, LO NRQCD
t.'ﬁ Direct J/iyp, NNLO* CSM Direct J/y, NNLO* CSM
-~ o— Prompt Jiyp, i, =0 E_ —+— Prompt Jhp, b, =0
=3 10% - —=a— 0.67 - Prompt J/yp, &, =0 107 —— —=— 0.67 - Prompt J/yp, 3, =0
o e Prompt J/yy, CEM v Prompt J/yy, CEM
8 : 0
S CMS \'s =7 TeV ' CMS \'s =7 TeV
= 10 Preliminary, L=100nt" | 107 —@&—  Preliminary, L = 100 nb’
T L=
é_
g 1- 13
@ 1 ]
| lyl<1.4 B ~_ | 14<lyl<24
107 107 |
1 11% global uncertainty | 1 11% global uncertainty _'_|
LI LI UL 1 J ] v ow T I | ] I I | L L L L
0 2 4 6 & 10 12 14 16 0O 2 4 6 8 10 12 14 16

p, (prompt J/y) [GeVic] P, (prompt J/y) [GeV/c] 25



d’o/dp_dy*Br(Jiy—u’w) [nb/GeV|

T

1.50<ly| <2.25

A :
a 0.75<ly[ f,.:1.so
o 0.00sly/ <075 ]
°°°°° ¢} x100
‘ '} x10
g
ATLAS Preliminary ot
L, =95nb" ”ﬂ
: : ]
2 4 6 8 10 12 14
Jy p, [GeV]

-l
=]
[

-

=
X
]

T

BR(J/y — uu) = do /dp_ [nb/ GeV/c]
=

—h
18]

llyl<1.4

Direct J/yy, LO NRQCD
LTS i

+— Prompt Jiyp, i, =0
—a— 0.67 - Prompt Jhp, 2, =0
~o Prompt J/\y, CEM

kik

CMS \s =7 TeV
Preliminary, L = 100 nb’

il | '“‘ﬂ-\.,_‘_‘_““‘
107"
1 11% global uncertainty |
LA BN L B B | LI I
0 2 4 6 8 10 12 14 16

P, (prompt J/y) [GeV/c]

[nb/(GeV/c)]

10°E" u LHCb data

LHCb-CONF-2010-010

LHCb i

Preliminary -

s=7TeV 3

L=14.2 nb™ .

== i
[ —

— e __—— |

== E

—— —— .

A LHCb simulation (PYTHIA 6.3 Color Singlet)

® LHCb simulation (+ PYTHIA 6.4 Color Octet)
1 L 1 L 1 1 1 1 1 1 L L 1

0o 2 a 6 8 10
Z?Z p, [GeV/c]

w ] Direct J/yy, LO NRQCD
' Direct J/y, NNLO* CSM
] ,E]}_ —=— Prompt J/y, 4, =0

10% - — —a— 0.67 - Prompt JAip, b, =0
/ LY — Prompt J/y, CEM
' CMS\s =7 TeV

1ﬂ—5 —#—  Preliminary, L = 100 nb"

LE

114<lyl<24

10° 1 11% global uncertainty '

T T T T T A B | '—'—I

0 2 4 6 8 10 12 14 16

P, (prompt J/yp) [GeV/c]

25



d’o/dp_dy*Br(Jiy—u’w) [nb/GeV|

T

a 150<ly| <2.25

a 0.755ly[ "<1.50

@

LHCb-CONF-2010-010

=R

LHCb
Preliminary
s=7TeV

L=14.2 nb?

1 |||||||]

4 6 8 10

Direct J/yy, LO NRQCD

Direct J/y, NNLO* CSM
—«— Prompt JAy, i, =0
—a— 0.67 - Prompt JAp, ., =0
— Prompt Jfyp, CEM

CMS\s=7TeV

—#—  Preliminary, L = 100 nb’

" 14<lyl<2.4

_E__

o 0.00<y[, :\-0.75 ] g
A Q
f S
' re)
; L=
---- x100 _
Q} x1 5
2|s
s.. D
“._ '} x10 o
WU
ATLAS Preliminary ot
L, =9.5nb" i}«
1
2 4 6 8 10 12 14
Iy p, [GeV]
g 10 107
©
o
S -
E -“]2_ —— D'E?' Prﬂmm 'J"r"-|-1l }'II = u 1“2 =
- e Prompt J/yy, CEM =
)
S
s CMS \'s = 7 TeV
~ 10 | 10
= Preliminary, L = 100 nb _
T.
3
c 1 1=
m ] ]
| Iyl<1.4 = -y
107 107
1 11% global uncertainty |
=rf{fr T rlrTyrrfQ 1 J J T LEL A 5. B
0 2 4 6 8 10 12 14 16 0

P, (prompt J/y) [GeV/c]

1 11% global uncertainty
——— ,

2 4 6

T rrri
12 14 16
P, (prompt J/y) [GeV/c]

8 10

25



NLO Singlet contributions
Campbell, Maltoni, Tramontano
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“NNLO” Singlet contributions

Artoisenet, Campbell, Lansberg, Maltoni, Tramontano

® IR cutoff logarithmic dependence
expected to disappear at large pr,
but sizable at moderate pr.

e This gives a large uncertainty on
the normalization, the shape is

rather stable though.

Material on this slide from Fabio Maltoni’s talk at “Hard Probes 2010”, Eilat
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® New channels at as* strongly affect the polarization
parameter a (polar asymmetry in the c.m. helicity frame)
® Polarization is longitudinal component at NLO

® Large correction may arise at order os° because new
channels with a different pr scaling open up at that order.
One of them is the gluon fragmentation g*—35[1 ...
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Reconciling J /1 production at HERA, RHIC,
Tevatron, and LHC with NRQCD {factorization at
next-to-leading order

Mathias Butenschon, Bernd A. Kniehl
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Open Q: by and large good agreement of data and NLO
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This agreement is one of the most significant results from LHC-2010

Why is it not trivial?

It took a while to establish consistency
between Tevatron data and pQCD

hep-ph/0411020

do/dpe(J/¥) BR(J/¥-uu) (nb/GeV)
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The dynamical regime of the LHC is theoretically more challenging

- large S => small x

- large rapidity (ALICE, LHCDb)

O access to even smaller x

o small pt, sensitivity to higher-twist effects

Nason, Dawson, Ellis
Collins, R.K_Ellis

Ball, Ellis
Catani Ciafaloni Hautmann

29



. CMS prel]mlnanr, 60 nb’ Js =7 TeV [‘.‘ME prellmlnar',r, ED nh‘ Jg=7 TeV
YY) Stl", some """‘105 '

1 | ] T 1 L] I | 1 1
) ] o B « Iyl <0.5 (x125) %‘ 5[ — MC@NLO <05
inconsistency and 8 107 s Sy . 05slyl<1 (x25) [ Pythia o 05slyl<1 |
. T 10 P e 1 < Il < 1.5 (x5 = 4l [T Exp. uncertainty - 1=lyl<15 ]
disagreement needs to TN My S N D F];{'E‘“ 1 Q 3 (ceneredonansaw) - 15<lyi<2 |
W W ey Z 2F v .
be sorted out S o N S e rae T
L oL
% 10° ' G ®
i 0 ]
6 107 SRR N 1
) L B BN B N E e ili ) 2 i
S 10°F &= B— JAy, FONLL - — 10 SO : _
» —— CASCADE : L N s -
o f. PYTHIA ] 1F — Mc@NLo [ Ny
€19 —— CMS data 10"k [0 exp. uncertainty ; 2f 1
> ) - 1= B vt ke - .
-gi_ 1§_ E 1n-2 L Anti;-k"r |H-lu.|5 |FI|F ' M L L D -bl f - -é | * |1:' t|r L': ﬁ; ? |u- = n--'n"""| i
N% E ; 20 30 40 100 200 20 HG 4[] 50 100 200
X107E = b-jet p_(GeV) b-jetp_(GeV)
o ]
10-2;— CMS,\/s =7 TeV
C L 314 nb™
105 10 15 20 25 30
pi"“ (GeVlc)
S, T S B Wy, FONLLA {El) CMS Preliminary fb) CMS Frellmlnary
> | —— CASCADE - = ' i = 1200p ——
(O] - PYTHIA m |_| CMS data : C |_| CMS data |
E 10k - ( MCENLO (CTEQEM, m_=4.75 GeV) e s MCENLO (CTECEM, mh=ﬂ.?5 GaV)
= T CMS data ] Is) 1[]3 = MCENLO scale variation (0.5-2) | — 1 DUD__ --------- MC@NLO scale variation (0.5-2) | |
5 ] = FYTHIA [MSEL 1, CTEGSL1) :‘_f_- —«—— PYTHIA (MSEL 1, CTEQ6L1)
!g. 1— 1.2<Inyw|<1.6_§ }-f- - i = EDD'_ a7 TeV h
Nl ] = - = 1 % = nb’ p
X107E E ? 10°F E E ! [ e ]
m | - i :‘_f_: 6001 -
i X * r |
10'25_ CMS,\E:TTe\f L = 5 .E ; g
- L=314nb’ t 10f : E t 400t ——1 .
10_3{:)""5' ..1:0||||1I5. ..2I0..||2I5. "30 & 1 & ",.-":__—__1._7' ........................ —i—
Jhp a . 00— T —]
p_" (GeVic) -BT.U i r} 'DT‘g e
10 15 20 25 30 l:'-2 -1 0 1 2
muon p_ [GeV] muon n

30



—

—

T

B x d°o/dp_dy (nb/GeV/c)

—

B x d'?o.fdedy (nb/GeV/c)

.ee Still, some
inconsistency and
disagreement needs to
be sorted out

.

o
1”-._. LA

_— CMS,\s=

E L 314 nb

7TeV

Ll I | I T - | L Ll
20 25 30

pf ¥ (GeV/c)

1 GB CMS prel]mlnanr, ED nb'* '~E ? TE‘J’

Data / NLO theory

m_..m_u:::_umm.hm

= R . Iyl < 0.5 (x125)
3 s 0.5slyl <1 (x25)
:E_mﬁ__._-_._ M+ 1slyl<1.5(x5)
Emﬁ d w ¢ 15slyl<2
oHo’
$ 10° oMY
o 102 E".':-.‘-'f:i:
5 10 N
Fe) 1,
1 — MC@NLD RN
10 = exp. uncertainty §
Anti-k; R=0.5 PF
102 M | :
ED 3[] 4-[] 1[][] 200
b-jetp_ (GeV)
CMS Preliminary
CMS data ]
MCEMNLD I:CTEDEH.mhﬂL?E Gev)
-| CENLO scale varintion (0L.5-2) |
PWTHIA (MSEL 1, CTEGSL1)

%pp — b+X — p+X)[Nb/GeV]

d

J5=7 TeV
L=8.1 nb"’

15 20 25 30
muon p_ [GeV]

E{pp — b4+X — u+X') [nb]

do

[‘.‘ME prellmlnar',r, ED nh‘

=7 Te\F

- MC@NLO
Pythia

:I:IExp.unnertaintjr » I1slyl<15
(centered on ansatz) o 15=lyl<2

- Iyl<0.5
> 05=lyl<1

—
LI

=

1200-(1)) .

20 Ell] 4[] 5[] 1[][] 200

b-jetp_ (GeV)

CMS Frellmlnary

[ * | cMSdata _
MC@NLO (CTEQEM, m =4.75 GeV)

1 DDD [ | - MCEHNLO scale variation (0.5-2)

——— PYTHIAMMSEL W CTEQSL1)

400} I_'_‘

ED[]— WJa=T TaV —
i L=8.1 nb" i
600[ -

200

30



.ee Still, some
inconsistency and
disagreement needs to

be sorted out

—
TTTT PR LA

T

B x d°o/dp_dy (nb/GeV/c)
(=

—

E CMS,\s=7TeV

E L 314 nb

— MC@NLO
[ ] exp. uncertainty

.lﬂlmti-lltnr H-D 5 PF

EME prel]mlnanr, ED nb'* '~E ? TE‘J’

. I]rl-:IJE{MEE}
= 0.5 slyl <1 (x25)
= 1=yl <1.5(=5)
w ¢ 1.9slyl<2

Data / NLO theory

m_..m_u:::_umm.hm

—

B x d'?o.fdedy (nb/GeV/c)

%pp — b+X — p+X)[Nb/GeV]

d

pf ¥ (GeV/c)

EII'J 3[] 4-[] ‘I[]D El.:}l'.]
Jet p_(GeV)
(a) CMS Preliminary
ﬂ”ﬁrdﬂtﬂ —————1

MCOENLD (CTEQEM, |'|'|h=d.?‘5 Gev) 7
CENLO scale varintion (0.5-2)
PWTHIA (MSEL 1, CTEGSL1)

J5=7 TeV
L=8.1 nb"’

15 20 25 30
muon p_ [GeV]

(PP = b+X — p+X') [nb]

dn

do

[‘.‘ME prellmlnar',r, ED nh‘ Jes=7 Te\F

- MC@NLO + lyl<05
o 05yl <1

: I:IE'.||:|:|.unl.':nzrbzlini"_ur » I1slyl<15
(centered on ansatz) o 15=lyl<2

—
LI

=

1200
1DDD

600f

400
200

20

Ell] 4[] 50 100 200

b-jetp_ (GeV)

CMS Frellmlnary

800}

I_I CMS data

——— PYTHIAMMSEL W CTEQSL1)

MCENLO (CTEQEM, m =4.75 GeV) i
MCEHNLO scale variation (0.5-2)

\E=7 TeV ]
L=&.1 nb* i




do/dp,,, (nb/GeV)

10

G?U(pp — p+X — pu+X')[nb/GeV]

d

" | [+ | CMSdata i

- MC@NLO scale variation (0.5-2)
—=—— PYTHIA (MSEL 1, CTEQ6L1)

MC@NLO (CTEQ6M, I‘nh=4.?5 GeV) 7

\Vs=7 TeV I
B . L=8.1 nb™ |
e ==
i i :
— :i l
- | 3 :
. = —
— i BRI T T B

10 15 20 25 30

muon p_ [GeV]

u from b,bbar

100 ¢ .
: FONLL b->u + b->¢->u
POWHEG+HERWIG ——
10 POWHEG+HERWIG PSPLT&)I_
POWHEG+PYTHIA ——
11 CMS data —— |
0.1 F
0.01
0.001 | -|:
0.0001
0 5 10 15 20 25 30

E‘1200_["'I""I""I""r_
- L | (=] cMS data ]
e R MC@NLO (CTEQEM, m_=4.75 GeV) | -
= 1000_ - MC@NLO scale variation (0.5-2) |
>_'<|_ | | —=—— PYTHIA (MSEL 1, CTEQ6L1) i
= 800__ \s=7 TeV |
I I L=8.1 nb"! ]
X 600 -
+ _ _
B - S wn RN
S SR e
% t—"_”-"_' """""""" S
Sr 200 * g —
g5
OI ] T R | ]
- -1 0 1 2
[CMS PAS BPH-10-007] muonm
u from b,bbar
08 | FONLL b->u + b->c->u
0.7 t POWHEG+HERWIG —— |
POWHEG+HERWIG PSPLT&()I_
06 - POWHEG+PYTHIA —— |
CMS data ——
E 0.5 t |
=04+ ' ‘ | ‘ ’ ‘ ' ‘
o
2 03F —
02+ A— T_'——|
01 F
i p;,  >6 GeV
D 1 1 ! ! 1
-2 1 0 1 2
M

31



10-1 ¢

Kinematic reach
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Initial state composition:
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Scale vs PDF systematics
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* great stability of the y distribution vs scale/mass variations

e scale systematics fully correlated in y,so y shape is robust

* scale dependence at the +30% level dominates over mass-dependence for pt 2 mp

* PDF systematics affects the shape of the y distribution well beyond the effects of
scale variations, once y>4 => PDF sensitivity 34



CMS’s “ridge” in high-multiplicity events
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CMS’s “ridge” in high-multiplicity events

Integrating in eta, outside of the jet region:

CMS 7TeV pp min bias [ 0.1GeVicp <1.0GeVic | 1.0GeViesp <2.0GeVic | 2.0GeVie<p,<3.0GeVic | 3.0GeViep <4.0GeV
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Many of us tried, but failed to explain this observation using pQCD (we thought it was a
colour coherence effect, which only full matrix-element calculations can describe accurately)
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