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Chis, !

PDG2012

2012: No LHC results yet

April 2012

v T decays (N3LO)

DIS jets (NLO)

Heavy Quarkonia (NLO)

e'e jets & shapes (res. NNLO)
Z pole fit (N3LO)

§ pp —> jets (NLO)

— QCD 0s(M;)=0.1184 + 0.0007

Mainz, Germany, 10.03.2014

10 0 [GeV] 100

Status of ag Determinations 2



ﬂ Jets and a,

Abundant production of jets:

=i Jets at hadron colliders provide the highest reach ever to determine the

strong coupling constant at high scales Q

« Also learn about non-perturbative effects, the proton structure, hard QCD,

cross talk with electroweak effects at high Q

i Run : 138919
i Event : 32253996
Dijet Mass : 2.130 TeV

Proton Structure
(PDF)

Matrix Element

Jet 1 Py 585 GeV

Hadrons
Klaus Rabbertz Mainz, Germany, 10.03.2014
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ﬂ Jets and a,

CMS; §
j

Can use cross section ratios or normalized quantities to reduce jet
energy scale uncertainty (dominating experimental uncertainty)

( M‘E CM3 Experiment at LHC ZERN

z .:-// Data fepprded: Sun g 27 08720:02 2010 CEST
P 4| RaniEvent: 138760/ 1140807131
— | fumi'sections589

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
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\ Jet Energy Scale

Dominant experimental uncertainties for jets! * Jeét Energy Scale (JES)
Enormous progress in just three years. - Noise Treatment

CMS from 5/fb (7 TeV, 2011) ~ Pile-Up Treatment

% Luminosit
CMS preliminary, L 4.9 fb1 \s=7TeV y

Xk = Total uncertainty - <+ Jet Energy Resolution (JER)
> 9t ~ Absolute scale _
€ gF * Relative scale * . Approximate development
© r < Extrapolation - of JEC precision
g 7;_ lPi'e'l.l’), NPV=8 _; TranSIateS ,\? B | lllll11l|pl T T T T T T T T T T T T
8 6:_ - Jet flavor » e into 4 ~ 6 o; 15 - KR Preliminary __
= E —v—Tlme Stﬂbl"ty E times higher _-E —— ATLAS, |n| < 0.3, p; > 30 GeV i
O b5 . = . £ —— CMS, In| <0.5, p, > 30 GeV
% Anti-k; R=0.5 PF ] uncertalnty on 3 | — DO, |n|= 0, py > 50 GeV ]
4 | I'qml=0 1 cross section! S o L — CDF,0.2< n] < 0.6, p; > 20 GeV |
3i] : 5 ]
5 //\ \ :
5 =2 ot R e ST ! N
0 100 200 1000 | [ { { Z
p, (GeV) | L1 -
poooed syl el veed sl s ned 5ol

ATLAS, EPJC 71 2011; arXiv:1112.6297; CONF-2012-053; CONF-2012-063 0 6 5 4 3 2 1
CMS, JME-10-003; JME-10-010; JINST 6 2011; DP2012-006; DP2012-012 10 10 10 10 10 10 1 10
DO, arXiv:1110.3771; DO prel. 2006 Integrated luminosity (1/fb)
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| Jet Energy Scale and Goals for a;

Pile-up
effect

CMS from 1.6/fb (8 TeV, 2012)

S preliminary, L = 1.6 fbl'1 _ wl"_sl =8TeV
| = Total uncerta%nty ]
— Absolute scale
-+ Relative scale
- EXtrapolation ]
= Pile-up, NPV=12 -
= Jet flavor

- Time stability

But: Much more pile-up collisions

in 2012 at 8 TeV.

Record no. of vertices is beyond 70!
Will be even worse at 13 TeV in the
near future.

Two possible goals for a :

/ 1. Measure the running of a (Q) up to

JEC uncertainty [%)]

O o NN W b= 01 OO N
TT T T[T T T R AT T [T T T T[T T T T[T T T T[T T T TJTTTT =

Anti-k, R=0.5 PF

p, (GeV)

Klaus Rabbertz

the highest scales possible
2. Measure a (M,) as precisely as

possible

At the LHC up to now mostly concentrating
on 1.

For 2. might want to stay at the minimum of
the JEC uncertainty: 200 — 500 GeV!

Mainz, Germany, 10.03.2014 Status of ag Determinations 6




| a, from 3-Jet Mass Cross Section [

+ Sensitive to a_beyond 2—2 CMS preliminary L=50fb"" V5 =7TeV
process T S S —— Theory
: I | —— max S 1 ]
+ Known at NLO (NLOJet++) o 0O T v
% Sensitive to PDFs : 10 i T R
+ Involves additional “scale” p_, S 1072 D D T
, CMS Preliminary | S 103} -CMS 2011, L=5/fb ... .= S
= T T ' < : - | ]
; = GTIONLO, APDF CL68 | . 104k lylmax20pT3> 100Gev __________________________________
= . NNPDF2INLO - = Hr,uf m,/2 5
- --- HERAPDF15-NLO T N I R R o
© 15 0 e ABM11-NLO - 10
9 ] 6 Anti-kT R = 0.7
= ] 107 F aremiareanne | NI N T s
S : - MSTW2008 - NL(D |
o ++++ L 4 10~7 ——— *
5 +H |~ 5102 107 2-10°
I | Most PDF sets compatible to data m3 [GeV]
05 |- dO—?)jet 3
T L=50fb" Vs=7TeV X X
- 3-Jet Mass Anti-k; R=0.7 ] dm ; S
e T | ]Extraction of a (M,) from scales up to 1.4 TeV 37et
2 3 3 . .
o0 " ", (Gev) Dominated by theory uncertainty! NLO only

as(Myz) = 0.116075-9925 (exp, PDF, NP) T 005; (scale)

CMS-PAS-SMP-12-027 (2013)
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 7




| a,from inclusive Jet Cross Section [

Re-analysis of 2011 data at 7 TeV published in cwms, PRD 87, 112002 (2013) d20 5
Up to 2 TeV in jet p.and 2.5 in rapidity |y| X O
— Modified correlations in JEC versus |y| (hew recommendation!) dprdy

— Include NLO+matchedPS MC (POWHEG+PYTHIAG) in estimation of NP effects

— Include electroweak corrections thanks to Dittmaier/Huss/Speckner | JHEP 2011, 095 (2012)

anti-kT, R=0.7, 7 TeV, 2011 as(Mz) = 0.1185 + 0.0019 (exp)  NLO
POWHEG+PYTHIAG Z2 0.0055
_ 1o  CMS Preliminary 2001 ______ . |£0.0028 (PDF) 4+ 0.0004 (NP) £+ 0025 (scale)
> =POWHEG+Pythiaé 22"
Q o —_ o |y| <0.5 (x 10%)
.8_ hSt—;Ts\i{]? 00_5<|y|<1.0 (X103) ‘V|ran o No. of data " (M ) XZ/H
> 1of panti-ke R=0. =1.0 <|y| < 1.5 (x 10%) JI TN points s\Vz dof
© o< <2
8 o B Bt DET S o [ <05 33 0.1187 = 0.0024(exp) £ 0.0020(PDF) _ 16.5/32
© e, +0.0008(NP) 0007 (scale)
T 10" P, ey ey, 05 < [y| < 1.0 30 0.1181 £ 0.0024 (exp) & 0.0029(PDF)  25.3/29
- .g._g__u_:-...__:-o-.qqq% +0.0008(NP) T509°2 (scale)
T M 10 <[y <15 27 0.1165 =+ 0.0027 (exp) & 0.0024(PDF)  9.6/26
0 iag e o +0.0008(NP) £50073 (scale )
| T o, ey o e 15 < |y < 2.0 24 0.1146 =+ 0.0035(exp) & 0.0030(PDF)  20.3/23
10 e ﬂﬂnn Ty - +0.0013(NP) 00035 (scale)
10° - T ——— 20 < |y[ <25 19 0.1161 =+ 0.0046(exp) & 0.0053(PDF)  12.8/18
. - == +0.0015(NP) 10003 (scale)
10 IEIEI [ <25 133 0.1185 = 0.0019 (exp) & 0.0028(PDF)  104.6/132
107 L b b - +0.0004(NP) F000° (scale)
210 10° 2x10°

etp e
J T(G V)

CMS-PAS-SMP-12-028 (2013) 2012 8 TeV data in progress
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ﬂ 3-Jet Ratios and a_in hh o

Normalization or ratios for
different multiplicity N, = 3 over 2:

- Similar as in H1 normalized cross
Sections!

- Avoid direct dependence on PDFs
and the RGE

- Reduce exp. and scale uncertainties

- Eliminate luminosity dependence

S

Three observables investigated: i M. Wobisch

DO: R, CMS:R,, ATLAS:N,,

- Average no. of neighbor| | - Ratio of inclusive 3- to - Ratio of inclusive 3- to
jets within AR in incl. inclusive 2-jet events inclusive 2-jets
sample - anti-kT R=0.7 - anti-kT R=0.6

- DO midpoint cone R=0.7 | |- Min. jet pT: 150 GeV - Min. jet pT: 40 GeV

- Min. jet pT: 50 GeV - Max. rap.: |y| < 2.5 - Max. rap.: |y| < 2.8

- Max. rap.: |y| <1.0 - Scale: Average dijet pT| |- Scale: Jet pT

- Scale: Jet pT - Data 2011, 5/fb - Data 2010, 36/pb

- Data 0.7/fb

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 9



a_from 3- to 2-Jet Event Ratio 4
S
—ccy, 0 2_I ‘ ICIMSI | I I I | I I I ‘ I I I | I I I ‘ I I | I _\
a4 C ] — 1
R, = Go1mv 2011 - |as(Mz) = 0.1148 £ 0.0014 (exp)
0.18— anti-k;R=0.7 -

. S . |£0.0018 (PDF) + 0.0050 (theory)
0.16— RN . ] .

- + \H\ Dominated by theory uncertainty (NLO)!
0.14¢ > Similarly described by CT10 or MSTW2008
012 e NS Discrepancies observed with ABM11

0 1_ 5 tr/(prT1,2) wr/{pT12) as(Mz) = (exp.) %2/ Ngof

E Fits only [?boLve_z;tozftg GeV E 1 | 0.1148 £ 0.0014 22.0/20
0.08— ) N:Jts[();; ;(IVIlZ)=O).106-Min.VaIue — 1/2 1/2 o 0.1198:£0.002] 30.6/20

- NNPDF a(M) = 0,119 ] 1/2 o | O 0.1149+0.0014 22.2/20
0.06— | NNPDF oq(M,) = 0124 - Max. Value 1 5 2. O 0.1149£0.0014 22.2/20
0 04:| L |NNEDEENNLO| I B R :\ l QCJ 2 (g 0.1150 £ 0.0015 21.9/20

7200 400 600 800 1000 1200 1400 2 IR 0.1159£0.0014  207/20
CMS, EPJC 73, 2604 (2013) (pT1 2) (GeV) 2 2 0.1172£0.0018 21.3/20
(pr1,2) range Q as(Mz) as(Q) No. of data x%/Naof
(GeV) (GeV) points
420-600 474 0.1147 = 0.0061 0.0936 4 0.0041 6 4.4/5
600-800 664 0.1132 = 0.0050 0.0894 £+ 0.0031 5 5.9/4
300-1390 896 0.1170 = 0.0058 0.0889 + 0.0034 10 5.7/9

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 10




\ Combined Fits: a_ & g(x,u?)

CM?
!
Of course, jet cross sections do not depend on a_alone!

In particular, in inclusive jets a_ and the gluon PDF are correlated.

Sufficient amounts of data CMS Preliminary Q* =1.9 GeV?
in channels sensitive in ' [EER HERADIS + CMS Jets
different ways to fundamental | — HERADIS
parameters allow to perform 0.8} e e e
simultaneous fits! ? ?

Example: —~0.6b S S Uy o\

1.0

™

Combined fit of a_ & g(x,H.?) <]

with HERA | DIS + CMS jets G
in HERAFitter framework by

o (My) = 0.119210-003f & 0.
(exp&NP)

Issue: How to deal with corr.
systematic uncertainties,
e.g. scales ?

10~
x CMS-PAS-SMP-12-028 (2013)
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 11



N

Fits with top-pair Production

Cis,

Top-pair production is especially sensitive to:
m/°* and a_ and g(x,p.?) as the main production process at LHC is from gg

Using only the ttbar cross section measurement (dilepton channel)
combined fits are not possible. Fixing the gluon to one of 5 PDF sets,
however, it is possible to extract m P while fixing a_ or vice versa.

Fix a— constrain mt'°°'e

Vs = 7 TeV; ag(m,) = 0.1184

Fix mP° — constrain a_

Vs =7 TeV: m°€ = 173.2 GeV
T T T I T T T I T T T I T T T

—_ I [T a — B EI T ]
g - | —— cms,L=231b" i 2 - CMS, L = 2.3 fb™ ! .
o 20N SO I [ Top++ 2.0, ABM11 . &F 220[ cgp- Tops+ 2.0, ABM11 —— o
u : = Top++ 2.0, CT10 ] [ @ Top++ 2.0, CT10 : ]
200, SRS E— Top++ 2.0, HERAPDF1.5 — 200~ e Top++ 2.0, HERAPDF1.5 .
E T NG, | e Top++ 2.0, MSTW2008 - - Top++ 2.0, MSTW2008 el
180 — e NG, Top++ 2.0, NNPDF2.3  — 180 === Top++2.0,NNPDF2.3 | [rloiiies .
160 :_\\ ] 160 :— _______________________ _:
140— g i, ] 140t T T —— —
B JSH . i e * ESRRE ]
- 5 R - e &8 -
120 | T |_|E = e ‘ol ...',".“ ,,,,,, 120 -_" ‘‘‘‘ PR [N T WU T AN N ST SO AN TN MO O TN TN T S M 1Y SO NN W |_
165 170 175 180 185 190 0.108 0.11 0.112 0.114 0.116 0.118 0.12 0.122
m™*® (GeV og(m.)
v (Gev) CMS, PLB 728, 496 (2013), JHEP 11, 067 (2012).
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 12



N

Scale uncertainty is small

since NNLO+NNLL!

But: Additional uncertainties

from mpr°°and the precision of the

LHC center-of-mass energy E !

CMS, Vs = 7 TeV, L = 2,3 f5"; NNLO+NNLL for og

Fits with top-pair Production

CMS /|

as(Mz) = 0.1151 £ 0.0013 (mP°')

+0.0025 (exp) £ 0.0008 (E; 1)

4+0.0013 1+0.0009
—0.0011 (PDFj—o.ooos

NNPDFe.3 Theory at NNLO + NNLL

CMS, s = 7 TeV, L = 2.3 f&5"; NNLO+NNLL for g mP = 173.2 + 1.4 GeV

(scale)

T | T T T T | T i‘ |: |: | T T T | T T T T T | T T T | T T T | T T T | [T T T |
. i GE=
—¥— With og(m, ) = 0.1184 + 0.0007 éig Defauit ag(m_) of respective PDF set S==—=
ufi With ag(m ) of PDF set §is z :
S ;
ABM11 A” = ' - ABM11 H ¥ H
CT10 ] W A f CT10 N ¥ H
HERAPDF1.5 10 P L S H HERAPDF1.5  H ¥ H
MSTW2008 o MSTW2008 H ¥ =
o H o =
NNPDF2.3 N Y — : NNPDF2.3 T ¥ : i
1 1 1 1 | 1 1 | 1 1 IE 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 |4|—§ﬁ 1 | 1 1 1
160 165 170 175 180 185 0.108 0.11 0.112 0.114 0.116 0.118 0.12 0.122
m™*® (GeV) og(m.)
CMS, PLB 728, 496 (2013)
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 13



ﬂ Determinations of a_ s

—_— _I 1T T | I I I I T 11 | I I I I T T | I I_
g.-— 0.24— Now with LHC: CMS Preliminary ]
g’ 0 22; ] — CMSIncl. Jets : aS(MZ)=U.‘I185_+§£$5 B
R +  CMSR,, NLO N
0.2 :{]\E : n CMS i cross section NNLO —
— N\ v CMS 3-Jet mass NLO -
0.18— | o | o CMS Incl. Jets NLO ]
0.16 — 1T —
- N Incl. Jets N
0.14 I8N / ]
012 ;S 3-Jet Mass -
E NLO i o ',al;'l h Sal ] / E
0.1=— s+ DOinclusive jets r diEa SN —
- o DO angular correlation B
0.08 . O H1 |
N ttbar _
— o  ZEUS —
0-06 ? I I | | | | L 1 1 1 | | | I3/|2I L | | __
10 102 | 10°
CMS-PAS-SMP-12-028 (2013) 200 GeV Q (Ge\/)

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 14



CMS?
!

e NNLO

\ a_Summary

P.

Kokkas, EPSHEP 2013: NLO S. Bethke, 2012:

T | T T ﬁ | T T | T T T ‘ | T T I
L H1 multijets at low Q*
- EPJ C671(2010) HERA T-dec ays O+ s(Mz)=0.1197 + 0.0016
H1+ZEUS (NC, CC, jets) . I
g H1-prelim-11-034, ZEUS-prel-11-001 (2011)
E N s =0. 5+0!
i ZEUS incl. jets invy'p Lattlce KD' as(Mz)= 0.1185 + 0.0007
o Nucl. Phys. B864 1 (2012) |
E
- H1 H1 norm. multijets at high Q* DIS 00— I as(Mz)=0.1151 + 0.0022
gg; H1-prelim-12-031(2012)
. CDF incl. jets + - .y - . | -
| Phys. Rev. Letl. 88 (2002) Tevatron eTe” annthilation —OT s(Mz)=0.1172 + 0.0037
] DO incl. jets |
- PRD 80 111107 (2009) - B
. R D0 ang. corel 4 pole fits —O— as(Mz)= 0.1197 + 0.0028
% AR Phys, leit. B718 56 (2012) I
o Malaescu & Starovoitov (ATLAS incl. jets) N T T T
e EPJ C72 2041 (2012)
- N ATLasN, ATLAS 0.11 0.12 0.13
§ "¥3/2 ATLAS-CONF-2013-041 (2013)
. CMSR
: = R3/2 arXiv 1304.7498(2013) C M S oL (M Z)
E-
L CMS tf cross sect'on<_ S
¢ §‘§§ arXiv 130?.190?(20'13) ttbar NNLO
] CMS 3-Jet mass cross section
0 My s s Swp12027 as(Mz) = 0.1184 + 0.0007 PDG2012
s World Average )
PRD 86 010001 (2012)
| | | | | | E | | | | | | | | | | ‘ | | | | | | |

aS(MZ)
With recent jet data from hadron colliders can measure up to 2 TeV!

Uncertainties dominated by theory —
need jets at NNLO for inclusion into world summary
— inclusive jets in progress by Gehrmann-de Ridder et al.
and electroweak corrections

— done by Dittmaier et al.
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 15



M3

Summary

LHC at 7 TeV and 8 TeV enables measurements up to scales of 2 TeV
13 TeV data yet to come

Good data quality and detector understanding make measurements
PRECISION PHYSICS

Theory at NLO is minimum
NNLO is a must (plus additional electroweak contributions ...)

Typical uncertainties on a_(M,):

+ Experimental: ~1-2%
+ PDF: ~1-2%
+ Scale: 4-5%

+ Nonpert. Effects: <1 %
+ Other theory uncertainties ?

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 16
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Cis,

\ Points for Discussion

From an experimentalists point of view:

+ What is a “good” choice as process scale Q ?

+ How to best deal with multiple scales, e.g. p;; and p_, ,in 3-jet
production ?

+ How to derive uncertainties on a_in combined fits with gluon, in
particular scale uncertainties ?

+ How to deal with top quark as 6" flavour in matrix elements, PDF, or
a_ evolution ?

+ Are there sizable photonic corrections ?

+ What other theoretical issues might arise with increasing scales
and/or precision ?

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 17



Backup Slides
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Table of considered PDF sets =

N

Base set Refs. Evol. Ny M (GeV) Mz (GeV) as(Mz) as(Mz)range
ABM11 [13] NLO 5 180. 91.174 0.1180 0.110-0.130
ABM11 [13] NNLO 5 180. 91.174 0.1134 0.104-0.120
CT10 [14] NLO <5 172. 91.188 0.1180 0.112-0.127
CT10 [14] NNLO <5 172. 91.188 0.1180 0.110-0.130
HERAPDF15 [15] NLO < 180. 91.187 0.1176 0.114-0.122
HERAPDF15 [15] NNLO <5 180. 91.187 0.1176 0.114-0.122
MSTW2008 16, 17] NLO < 1010 91.1876 0.1202 0.110-0.130
MSTW2008 [16,17] NNLO <5 1010 91.1876 0.1171 0.107-0.127
NNPDF21 18] NLO < 6 175. 91.2 0.1190 0.114-0.124
NNPDF21 18] NNLO <6 175. 91.2 0.1190 0.114-0.124

Klaus Rabbertz

Mainz, Germany, 10.03.2014

CMS-PAS-SMP-12-028 (2013)
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Cis,

a from inclusive Jets

N

Other PDF sets
PDF set ag(My) X/ Ngof
CT10-NLO 0.1185 % 0.0019(exp) & 0.0028(PDF)  104.6/132
+0.0004(NP) 1 0037 (scale)
MSTW2008-NLO  0.1157 & 0.0012(exp) = 0.0013(PDF)  108.3/132
+0.0001(NP) 0053 (scale)
CT10-NNLO 0.1170 £ 0.0012(exp) = 0.0024(PDF)  106.1/132
+0.0004(NP) 50936 (scale)
NNPDF2.1-NNLO  0.1173 £ 0.0012(exp) + 0.0018(PDF)  104.1/132
+0.0001(NP) 50920 (scale)
MSTW2008-NNLO 0.1133 + 0.0010(exp) + 0.0011(PDF) 107.6/132
+£0.0001(NP) FH{03) (scale) Q dependence
pT range Q as(Mz) ng(Q) No. of data  x?/1yof
(GeV) (GeV) points
114-196 136 0.1170 700052 0.1103 70039 20 6.2/19
196-300 226  0.1179 700057  0.1037 0 00aa 20 7.6/19
300-468 345 0.1194 70007 0.0993 T000% 25 8.2/24
468-638 521  0.1188 70072 0.0940 F0-0033 20 10.6/19
638-905 711  0.1193 70080 0.0910 F090% 22 11.4/21
905-2116 1007  0.1180 70010 0.0868 T000°2 26 39.4/25
CMS-PAS-SMP-12-028 (2013) — o e /
Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 20



N

a from inclusive Jets

Cis,

Nonperturbative corrections from

Herwig++ 2.3, Pythia 6 Z2 and
Powheg+Pythia6 (Z2*,P11)
(central rapidity)

CMS Simulation Preliminary

1.20 ™
\s=7TeV aee- Herwig++ (2.3)
15 lyl <0.5 — - Pythia6 (Z2)
: anti-k;, R=0.7

1.05

Nonperturbative Correction Factor

—— Powheg+Pythia6 (Z2*, P11)

2x10°

Jet P, (GeV)

Klaus Rabbertz

1.08

1.06

1.04

1.02

1.00

0.98

Mainz, Germany, 10.03.2014

Estimated NP corrections from
Herwig++ 2.3, Pythia 6 Z2 and
Powheg+Pythia6 (Z2*,P11)
envelope for all rapidities

CMS Simulation Preliminary

: —— Iyl <05
N FEOTE 0.5<|y|<1.0
= 1.0<|y|<1.5
- | —-= 1.5< |y <2.0
g = mimue 2,0 < |y| < 2.5
F_ " :.:.
|_ "
[
[
B
-
L
i
-
5
t 1 el 1
2x107 10° 2x10°
Jet P, (GeV)
CMS-PAS-SMP-12-028 (2013)
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\ Inclusive Jets at 8 TeV

Agreement with predictions of QCD at NLO over many orders of d20'
magnitude in cross section and even beyond 2 TeV in jet p.and

for rapidities |yl upto~ 5

042

0.€
dprdy °

2012 8 TeV data in progress

.3 PP Vs =8 TeV CMS Preliminary
10 [ I I I I T 1 | I I I I I T 1 | I

- -->{=3 — open:L =58 pb™ (low PU runs) —:
2o 10" —gﬁ%ﬁﬁ filled: L., = 10.71 o (high PU runs)
> 10°EF —— NNPDF 2.1 NLO ®NP  _|
2| O —
el jon B 7
T 107R -
10° % =
10° — —
10 0.0 <lyl< 05 ( x 10%) -
~ =05 <|y|< 1.0 ( x 10%) ]
jo1 10 <lyi<15( x 10) ]
- 15<]y|<2.0( x 109 i
4 ——20<]y]<25( x 10’ :
107 w25 <y|<3.0¢( x 10%) =
— <= 3.2<ly|<4.7 ( x107) | =

10-5 | | | [ | | | | | | 1 1 |
21 30 40 100 200 1000 2000
CMS-PAS-SMP-12-012 (2013) Jet P [GeV/Cc]

CMS-PAS-FSQ-12-031 (2013).

Klaus Rabbertz Mainz, Germany, 10.03.2014 Status of ag Determinations 22



| NNLO Scale Dependence =

ghent

Drastically reduced
scale dependence!

80 GeV <p. <97 GeV
60

¢ JetpT at NNLO (gluon-gluon only)

— gU ] ] ] ] | | L] ] | | ] ]
o B |
S - {5=8 TeV O
o - =—=NLO
lg 80 — anti-k. R=0.7 —NNLO
e - MSTW2008nnlo

70 M= He=H

50

40

30

!

20

w/p

T

‘y‘ < 44, 80 GeV < pT < 97 GeV From talk by N. Glover, see also:

Gehrmann- de Ridder et al.,
PRL110 (2013), JHEP1302 (2013).
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ﬂ Normalized Multi-Jets in DIS |

- Normalised Normalised Normalised H 1
10105— Inclusive Jet Dijet Trijet
S Preliminary
- T NLO®c,,
Q2 = (k-k')2 10° 3 ’ 8 - NIE:%:\IEI.EH and fas:Ncll.O
_ % * . . . 8T10,c<s=0.118
=) 105;— ) ° - ® 150<Q@*< 200 GeV’
- C m o o (i=10)
X .= Qzl(zp'q) Xo 3 . - . ’ O 200<@’< 270 GeV’
= = 10%F " "om (i=8)
g (LO) _E a - . e W 270<@’< 400 GeV?
g . ° o (=6
© 102k : “ o D 400<Q%< 700 GeV?
E e, . = . (i=4)
3 . Lo A 700 <@’ < 5000 GeV?
Jet phase space: i . ‘ - (=2
Jetsincl.: -1.0 < nlab <25 _ -, . y ﬂS(Z;?{i:)Q2<15000GeV2
7 <pT <50 GeV 02l % I Foy
2-’3-Jets: 5 < pT < 50 Gev E |||| | L 11 |||| | L 11 |||| | L 11
. 2 — 2 2 710 20 50 710 20 50 710 20 50
Scales: p? = (Q*E_?)/2 - ; .
”fz = Q? Pr et ( T>Dijet ( T>Trijet [GeV]
Normalization: NC DIS  Normalized Multijet (k < 1.3) NLO onl
o (M) = 0.1163 £[0.0011(exp)|+/0.0014 (PDF) + 0.0008 (had) + 0.0040 (theo)
H1prelim-12-031 x2/ndf=533/41= 130 Dominated by theory uncertainty!
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Cis,

Jet Angular Correlation

10 F - D@ L=07®T|F = 4 22<AR<26
B gpuE B 4 N - 1 8<AR < 2.2
I Le%%e ¥ | - A _|F e14<AR<18
= I W | » I i A
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% 10k - - -
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x | — NLO pQCD + || I I
o 3| non-perturb. correct. Vs = 1.96 TeV
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= |Tmm = |Tmln | S |Tmln - lem
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DO, PLB718 (2012).
> Py (GeV) (2012)

Good description of data by theory in particular for higher jet p.min

_ +0.0048
(s (MZ) = 0.1191 %4 gg71 (total) Dominated by theory uncertainty! NLO only

+£0.0003(stat) £ g g009 (€xP-) Z0:0001 (NP) T0:0005 (MSTW) T5:5024 (PDFset) " o (scale)
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3- to 2-Jet Result from ATLAS =

N ? i ATLAS Preliminéry | I | i _
w2 £ ost (AN 2010 1 as(Mz)=0.111 £+ 0.006 (exp)
_anti-k, jets, R=0.6 - i
TY06 —— 0.016
Z —*—'**’%%E - +0.003 (theory)
0.4 |I| Data 2010 - - :
- ‘dF‘ NLG pQCD. PDF ] Dominated by theory uncertainty!
0of MSTWiOOBNLOt_and_—
- * non-pert. corrections
o M_)=0.110 ]
. N ginnﬁ:mso i
© I | . : N
0] L
2 -
=
o
@
=

70 100 200 300 ;wés' 1000
A (€RY

ATLAS-CONF-2013-041 (2013)
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