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0) Scope document: Run | legacy from LHC

arxiv:507.0085008

4.2, Constraints from CMS

CMS }
Measurement v's. Lint Motivation Reference | Used in PDF |
or o g fits
High and low mass Drell-Yan | 7 TeV, 5fb~* Sect. 3.4, [36] [21.118]
High and low mass Drell-Yan | 8 TeV, 20 fh~! Sect. 3.4. [45] — |
Drell-Yan AFB 7TeV,5fbh ! Sect. 3.4, [176] - ‘
W asymmetry 7 TeV, 36 |:||I:r‘J Sect. 3.3. [177] - |
W e asymmetry 7 TeV, 880 pl:r‘] Sect. 3.3 [178] -
W p asymmetry 7 TeV, 4.7 fb—! Sect. 3.3. [26] [26,118]
W, Z production and rapidity | 7 TeV. 3 ph“ Sect. 3.3. [179] —
W, Z inclusive production 7 TeV, 36 pl:r‘] Sect. 3.3. [180] -
W, Z inclusive production 8 Tev, 19 pl:r‘] Sect. 3.3. [181] -
Z pr and rapidity 7 TeV, 36 pl:r‘J Sect. 3.5.3.3. [182] -
Z pr and rapidity 8TeV, 197" | Sect. 3.5.3.3. [132] -
E Inclusive jets TTeV,5Mb ° Sect. 3.1. [25,183] [21.48,91]
Ll Dijets 7TeV,5fb! Sect. 3.1. [25] -
_.__:__— Three-jets 7TeV,5fb ! Sect. 3.1. [184] [184]
= Three-jets/Di-jets ratio 7TeV,5fb ! Sect. 3.1. [49] [49]
= Wcharm TTeV,5fb " Sect. 3.6. [29] [26.31.91]
— Z+beauty 7TeV,5fb " Sect. 3.6. [185] ~
= ~ inclusive production 7 TeV, 36 |:||I:r‘J Sect. 3.2, [186] [28]
= ~+jets 7 TeV, 2.1 fb—! Sect. 3.2. [187] -
g_ tt inclusive TTeV,23M " Sect. 3.7. [188] [32.33.139]
._;. tf differential 7 TeV, 5.0 fb—! Sect. 3.7. [189] [33]
E tt inclusive 8TeV, .14 fb! Sect. 3.7. [190] [32]
e tt inclusive 8 TeV, 28 b ! Sect. 3.7. [191] [32]
tt inclusive 8 TeV,2.4fh ! Sect. 3.7. [192] [33]
tt differential 8 TeV, 19.7 fb—! Sect. 3.7. [193] -
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0) Scope document: Run | legacy from LHC

The PDF4LHC report on PDFs and LHC data: arXiV550_
Results from Run I and preparation for Run I1

Juan RD_,PD Afbermﬁrmrdiz 3 Richard D. Ball**®, Amanda Cooper-Sark ar®, Albert de Roeck™”,
Stephen Farry®, ..fames Ferrandﬂ Stefano Fm‘tem Jun Gao'l, Lucian Har!and Lang'?, Joey Husmn“
Alexander Glazov' MEJ.I.'IH’J'E‘ Gomewrrh" Claire Gwenlan®, Katerina Lipka'®, Mykhailo Lisovyi'®,
Michelangelo Mangano °, Pavel Nado!sﬁj”, Luca Perrozzi '8, Ringaile P!af‘ﬂﬁj‘te”J Voica Radescu'®,
Gavin P Salam®* and Robert Thorne'?

Based on a workshop in the Center Perdo Pasqual in Benasque,
Spain :

http://benasque.org/2015lhc/



0) Scope document: Run | legacy from LHC

arxiv:507.0085008

4.2, Constraints from CMS

CMS }
Measurement v's. Lint Motivation Reference | Used in PDF |
or o g fits
High and low mass Drell-Yan | 7 TeV, 5fb~* Sect. 3.4, [36] [21.118]
High and low mass Drell-Yan | 8 TeV, 20 fh~! Sect. 3.4. [45] — |
Drell-Yan AFB 7TeV,5fbh ! Sect. 3.4, [176] - ‘
W asymmetry 7 TeV, 36 |:||I:r‘J Sect. 3.3. [177] - |
W e asymmetry 7 TeV, 880 pl:r‘] Sect. 3.3 [178] -
W p asymmetry 7 TeV, 4.7 fb—! Sect. 3.3. [26] [26,118]
W, Z production and rapidity | 7 TeV. 3 ph“ Sect. 3.3. [179] —
W, Z inclusive production 7 TeV, 36 pl:r‘] Sect. 3.3. [180] -
W, Z inclusive production 8 Tev, 19 pl:r‘] Sect. 3.3. [181] -
Z pr and rapidity 7 TeV, 36 pl:r‘J Sect. 3.5.3.3. [182] -
Z pr and rapidity 8TeV, 197" | Sect. 3.5.3.3. [132] -
E Inclusive jets TTeV,5Mb ° Sect. 3.1. [25,183] [21.48,91]
Ll Dijets 7TeV,5fb! Sect. 3.1. [25] -
_.__:__— Three-jets 7TeV,5fb ! Sect. 3.1. [184] [184]
= Three-jets/Di-jets ratio 7TeV,5fb ! Sect. 3.1. [49] [49]
= Wcharm TTeV,5fb " Sect. 3.6. [29] [26.31.91]
— Z+beauty 7TeV,5fb " Sect. 3.6. [185] ~
= ~ inclusive production 7 TeV, 36 |:||I:r‘J Sect. 3.2, [186] [28]
= ~+jets 7 TeV, 2.1 fb—! Sect. 3.2. [187] -
g_ tt inclusive TTeV,23M " Sect. 3.7. [188] [32.33.139]
._;. tf differential 7 TeV, 5.0 fb—! Sect. 3.7. [189] [33]
E tt inclusive 8TeV, .14 fb! Sect. 3.7. [190] [32]
e tt inclusive 8 TeV, 28 b ! Sect. 3.7. [191] [32]
tt inclusive 8 TeV,2.4fh ! Sect. 3.7. [192] [33]
tt differential 8 TeV, 19.7 fb—! Sect. 3.7. [193] -
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0) Scope document: Run | legacy from LHC

Measurement

High and low mass Drell-Yan
High and low mass Drell-Yan
Drell-Yan AFB

W asymmetry
W e asymmetry
W asymmetry

W, Z production and rapidity
W, Z inclusive production
W, Z inclusive production

1) Quarks

X

- Z pr and rapidity

Z pr and rapidity

2) Gluons

Inclusive iets

Dijets
Three-jets
Three-jets/ Di-iets ratio

3) o

S

W+charm
Z+beauty

~ inclusive production
JHets

tt inclusive

tt differential

tt inclusive
tt inclusive
tt inclusive
tt differential

0.8

0.6

04

0.2

HERA I DIS + CMS W production

X-(gx0.05)

2_ 2
Q" = my,

CMS NLO free-s fit
exp. unc.

model unc.
parametrization unc.

-2
10 10




Quarks

CMS
Measurement Vs, Lint Motivation Reference | Used in PDF
or cvg fits

High and low mass Drell-Yan | 7 1eV, 5 b Sect. 3.4. [36] [21.118] All quarks

High and low mass Drell-Yan | 8 TeV, 20 fb~! Sect. 3.4, [45] -

Drell-Yan AFB 7 TeV, 5 fb’ Sect. 3.4. [176] together

W asymmetry 7 TeV, 36 pl:r“ Sect. 3.3. [177]

W e asymmetry T TeV, 880 pl:r_] Sect. 3.3. [178] u d maimy
% W e asymmetry 7TeV,47 b ! Sect. 3.3. [26] v TV
T W, Z production and rapidity | 7 TeV, 3 ph—l Sect. 3.3. [179]
_.:; W, Z inclusive production 7 TeV, 36 pl:r_] Sect. 3.3. [180]
? W+charm 7TeV.5fb" Sect. 3.6. [29] [26.31.91] Stranqeness
= 7-+beatty TTeV. 510 Sect. 3.6, [T85]
:__;. ~ inclusive production 7TeV,36 pb’ Sect. 3.2, [186]
=i Y+Hets 7TeV,2.1fb! Sect. 3.2 [187]




1.1) DY production

_ CMS
E‘:- 1 M1-a.afb‘ee.[Ldt-4.afb'uuat 5-7TeV
& o 3 ’ \
B v ¥'IZ— ee.un - Muons/electrons : _ }
E 107 |
;._QH 104 SM P'13'003 = H
arXiv:1310.72 ‘
10°

+ o

10° E FEWZ, NMLO CT10+L0 EW
= - Muons/electrons : _ ?
5 1.5 [— B FEWE NRECHEE i R |
8 05
& 15| [ rEwz RO TN EW
R T SMP-14-003 — no ye
5 I:I-Ell-:u 30 &0 120 24D BOD i |Ge{'5im arX|V14121115

19.7 fb! e and uy (8 TeW)

=2 2 b : - Single and double differential

= E | 3 measurements.

= R | | At 7 TeV normalized cross section is

— 10°f E measured and the total cross section,

;ﬁ‘: 12: g : while at 8 TeV un-normalized one.

] o'r WFewz wocrio : - For fun : third most accessed CMS

= O A B e measurement at HEPDATA 1415 times
I e st H (Oct. 2015 courtesy of G. Watt and M.
8 O gt —zt0—st0 10— Za00 Whalley)

m [GeV] J



1.1) DY production

+ {ﬂ"f drrrdlu|} BTE'V PT = 10, EGG'E"\"?}
Reet(pp = 7*/2Z = £147) = ‘
(a‘;drrrd y|}(?TEV pr =9, 14 GeV) |

107 " o e g (B TR p_ = PO, W0 GEVY
VY g § TSRS FRT

e e n o= 4 - First 8/7 TeV ratio

A5 R e (TR, p > 14, 0 Gal)

0ot { published by CMS.

- Combined
= Data
ook MEEWZ NNLO Gl WEEWZ. NS Gz 1 muons/electrons used at 8
002 04 0808 1 heoiuie diepton rapidity [y Cornse e demen i sl 1€V and muons at 7 TeV.

I:S IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|I
1.4 EMS 1T oo and g (8 TV P = 30, W0 Gaky
#':-I'h'w.l.-:l"ll:'i'.p\.;'li- 2 GaN)

19.7 " oe andpy §8 TaW, p_ = 20, 10 GaW)
A5 g (7 TN, By = 14, 9 Gav)

- Well described by theory
predictions and known at
percent level.

5= m < BB CaV

L]
I|III|III|

i

[ Data ] - Daia
0.6 @FEWZ, NNLO CT10 - o.8F-gFEWZ, NNLO CT10
C mFEWZ, NNLO NNPDF2.1 mFEWZ NNLO NNPDF2.1

' BT TR PR P
o I}Z I:ld IZIEI:IB I 'I.E‘ Iﬂ'I.E 18 2 2% L

] 0.
Z
Absaolute dilepton rapidity | Absolute dilepton rapidity fy]

4 B T e O 32 R The |nterp|ay between
2 VB CMS | 107" oam e 3 N p, 2 20, 00Ga) | CMS 19,7 o2 andys (8 Tal, p, > 20, 10 Geb) different rapldlty regions

4 ':-l'hlm.l.{l"ll:'i'.p\..\ T4 9 GV

4.5|:-'mr1re*.'.p.=.14.:-cnm for a given maSS give a
handle to x at different
=gy scales.

120 < m < 2N CeV 2060 < m < 1500 CeV

- Data
WEEWZ, NMLO CT10
0 WFEWZ, NMLO NNPDF2.1

- Data
WFEWZ, NNLO CTI10
WFEWZ, NNLO NNPDF2.1

O 0204 060E 1T 121476 18 2 2Z Z4 0 D204 0608 1 1217417618 2 22 .ﬂ

Absolute dilepton rapidity |y| Absolute dilepton rapidity [y| d Om | n ated by 7 TeV

—
=
-2 .
gt
r_»
-
o
:.:
—
==
—
—
——
—_—
e
—=—
o
F
—
=
-
mg—
=T
—
-
—
i
o
——
T

- High mass statistically



Charge asymmetry

S

Charge asymmetry
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T I T T T T
(a) P, = 25 GeV

NLD FEWZ + NLD PD¥F, 68% CL

0,15 s CTID —
’ S = nnpDFz3
mﬁ% HERAPDF15
» E= msTwan0e
L (5] MSTW2008CPdews
|'_'|_1||||||||||||||||||||||
1] 0.5 1 1.5 2
Muon |n|
CMS, L-47f atVs =7 TeV
T | LI T | T T 1T T | T T T T | LI
0.3 —
(a) Py = 25 GeV
IIIIIIIII '|I'\|
- ——D
0251 ata s
ERELE
EI.E_— ——iAY —
T

HERAPDF1.5, 68% CL
—— NLO FEWT + NLO PDF

-—-= NNLD DYNKLO = KNLO PDF :

0.5 1 15 2

Muon |n|

1.2) W charge asymmetry Phys. Rev. Lett. 109 (2012) 111806
\

CMS, L=47 ' at)s = 7 Tev

g—f;(w+ — () — g—g(w— — (7))
T(W+ = ) + (W= — £7)

i

1

1) Electron _

SMP-12-001 —

arXiv:1206.

2y muon I CSHEN

SMP-12-021 —

arXiv :1312 f
Included in PDF fits

by CMS, ABM, NNPDF
at NLO and NNLO




Charge asymmetry
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1.2) W charge asymmetry

=
L

=
P

CMS, L=47 ' at)s = 7 Tev
T I T T T T I T T T T I T T T T I T T T

(a) P, = 25 GeV 3

—— Data

NLO FEWZ + NLO POF, 68% CL
0.1 5 St CT10 —
e MNPDFZ3 -
mﬁ% HERAPDF15 4
- MSTW20E 4
L MSTW2008CPdewt .
o111 I N N T AN T TN TN T N T T T N N AN
1] 0.5 1 1.5 2
CMS preliminary, L= 18 8fb"at {s =8 TeV
E-' T T T T | T T T T I T T T T | T T T T I T T T ‘|
= B
E ©  NLOFEWZ + NLO PDF, 66% CL
E T emo =
:E"G'ZS__ [ NNPDF30 w il
% L B2 mmHT2014 o 4
o L HERAFDF15 et i
@ ]
= B e T
Q) 02 Bt |
8Tev — ]
L v i
L ‘W/}E i
015 =2 p$>25 GeV _|
o 4 i
’ —— Data ]
01 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1
0 0.5 1 1.5 2
Muon [n|

g—f;(w+ — () — d—n(w— — (7))
T(W+ = ) + (W= — £7)




1.2) W charge asymmetry Phys. Rev. Lett. 109 (2012) 111806
|

- x-l.c']. 'EI'I."IIS |:|n.=.lI|n'||r|Iar3,.I lT-.1E!'B.'h-.Iﬁ.t 'I,ET B.T'.EU S_f;(w_F — f+1’:} T %{w_ — E_F)

T o[ W', 0 < <02 3 Aln) =

& 150} 1 do (w+ =+ 4o (W- v

b T ar (WH = ) + g5 (W= = £7)

é 100f ,.*’. 5 =‘§55',.m ‘

o C 5 . ElEw -
-

—Data [JMC (stat) = MC (stat & sys)

. N SMP-14-022 ~ Prelifil

eesesiidii®d 8 and 7 TeV compatibles.
................... : - Stat. Unc. and experimental syst.

£, (GeV) Reduced especially for high eta bins :
Better tag/probe and side band stats.

Data / MC

—_ = [T T T T

e I ]

L] S 150_W—>1.L'..1}{|1]|<D.2 ) T l

T3 " D ]

= g r oo 7Tev. 8TeV

= - | [ale] -

— I% 100— fﬁ% DY ]

= C MEw-T Ty| bin [0.0-02 21-24

— C 5 ] Ty bin 0002 2124
= S0 ._.". ", - Siat umnc. 0.0% 0108 Stat. Unc. 0062 0072
= . \=¥ ] Efficiency 0.111 0268 Efficiency 0.058 0134
& L L . QCD +/ — 0.120 0.183 QCE —hr’— E’,E g-:}gg
f_ O -=—[Data I.MCI:SI.H:I I MCI:SI.H'UIEIS}I'S] I QC‘.D Ehﬂpf_" 0.070 _0.087 QCD s ape i DZZI
e = Total syst. unc. | 0.203 0364 Total Sys. Unc. | 0.191 o
== 3 Total unc. 0235 0379 TotalUnc 0201 ==
= [

-

N 5



1.2) W charge asymmetry Phys. Rev. Lett. 109 (2012) 111806
|

=

- NNPDF includes 7 TeV u/e asymmetry and MMHT2014 e asymmetry

_ 1 ) : . o
P LS AL W+ — (+y) —E(W- — 1-7)
g ' Aln) = g !
: @ p, > 25 Gev - FW+ = ttv) + §£(W- = £-7)
7 0.25 st |
2025, (i ‘
i} o E |
_g i S)Muons |
o 02 ?l II—_ |
HLDFEWLHL::-PDF,mcL: SM P'14'022-
0,15 Fehmpsimiire: CTID — |
s S . |
N B, - ,
e S [H - 8 and 7 TeV compatibles.
- A MsTWa200eCPdewt .
T i B - Stat. Unc. and experimental syst.
. _cms preiminary. L= 1881012t s-8Tev - Reduced especially for high eta bins :
[ T — | Better tag/probe and side band stats.
= 0250 e WW - Impact for high x valence.
- o L B mmnTaons Ll (I — | —
£ o L HERAFDF15 T
— P i b o
L1 O 02+ GEERAY -
= I | = ] bin [0.002 2124 —
= ﬁ p#. y[bin 0002 2124
— u % Stat unc 0.09% 0.106 Stat. Unc. 0.062 0.0772
= 015k i vz p'>25Gey _|  Efficiency 0.111 0.268 Efficiency 0.058 0134
& ' M T QCD +/ — 0.120 0183 QCD +/— 0151 0102
== i QCD shape 0.070 0.087 QCD shape 0.022 0040
e —— Data e — 0.221
o B Total syst. unc. | 0.203 0364 Total Sys. Unc. | 0.191 W
:-t- 0 1_ T T T R T T P ] Total unc. 0.225 0.379 Total Une. 0.201 —_—
- 0 0.5 1 15 2
Muon [n|
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1.2) W charge asymmetry

=
=

x

CMS NLO 13 parameter fit

0.6 —

0°=mg
[ HERAIDIS + CMS A,

- HERA | DIS

CMS Preliminary NLO 13 parameter fit

% 0.6

- [0 HERAIDIS + CMS A,
s HERA 1 DIS

Q%= my

—  (HERAIDIS + CMS A}/ (HERA 1 DIS)
vl ol TR ERET | I R TT

-3 _“]-2

10"

CMS NLO 13 parameter fit

0.2

01 |

[ [ HERAIDIS + CMS A,
[ HERA | DIS
- 2

Q= mj

e e

— (HERAIDIS + CMS A,) / (HERA | DIS)
ra vl ol r vl MR

10° 107* 107"

= I ¥

= (HERAIDIS + CMS A) | HERA 1 DIS)
10 i B ‘

10 10

CMS Preliminary NLO 13 parameter fit

01 -

[ I HERAIDIS + CMS Ay
i HERA 1 DIS
02 -

Q*=mg

.

=

=15 %.—“J;

P

e
e

-7 and 8 TeV
trends are similar.

- 8 TeV provides a
bit more stringent
impact for high/low
X valence.

- Systematics are
quite uncorrelated :
dominated by
tag/probe and side
band statistics.

0.5

— (HERAIDIS + CMS A) | (HERA | DIS)

0"

0" 0" 0"
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1.3) W+c and strangeness

SMP-12-002 HEP
arxXiv:1310.11

1) A very nice peace of art to tag the charm production.

s, d W s, d w*
— WV ———
' iC
Wg””ﬁ—cl— TN ————

g C

2) Use exclusive decays where the charge can be measured. Take
opposite charge between W and c to remove QCD background.

3) Very low efficiency : O(1 %), but good purity after QCD substraction
4) Complex discussions between ATLAS and CMS on

how to account for fragmentation and PS

CMS L=50fb"atfs=7TeV

600 | —
% D K -8 Data
i~ L TR - W+c resonant i
f!_\.l L D": > 25 GeV |:| W+c non-resonant |
(=]
. Il Bzckground

D I~ d
e 400 g
a
S M [GeV]:1.868 + 0.001
5 i o [MeV]: 15.85 % 0.90 7
) 200
U:'J L
U L
O K

0] e i

1.6 1.8 2 2.2

Secondary vertex mass [GeV]

=l

do(W+c)/dp| [pb]

CMS L=50f"at{s=7TeV
T T T T I T T T T | T T T T | T T T T |
i et W—=lv
00 pJT = 25 GeV [l _ “]
p! > 25 GeV
4t | +
F *éh¢1¢+_. % }
50 - 0w & ]
I |_
| =%=Data T
o MSTWO8
o CT10 J
& NNPDF23 —}— Stat. uncerainty
A NNPDFEEWI Totad uncertainty
D PRI TRN T N T S T T AT T TR NS TS T |
0 0.5 1 1.5 2
u



1.3) W+c and strangeness  =¢ v sdw

— A
'IFE “C
AT T —
9 c g C
» HERA I DIS + CMS W production _ o
x 4[4 - 1) QCD analysis done combining
[ — CMSNLOfree-s fit with 7 TeV W charge asymmetry :
oL E Elpal..lln[:.
| model unc. |
. [ parametrization unc. % (w-l- s f+1f) _ %(w_ s E_l_f)
- U U
d: Aly) = *
i d : d _ _—\
:| | LWH = ) + E(W- = 1)
< 3 ‘
+-
2
= L HERA | DIS + CMS W production
IT 0.5 x i Q% =1.9GeV’
0 0.75 —  CMS NLO free-s fit
n 5 expc.lulnc.
¥ moadel unc.
e 0 0.5 [ parametrization unc.

X 0.25

® ATLAS epWZ NLO, exp. unc.

»n o
T

(s+s)/(u+d)
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-

CEH

fent &t Ine LHC,

Gluons

# pr and rapidity 7TTeV,36pb~ Sect. 3.5..3.3. [182] -
Z pr_and rapidity 8 TeV, 19.7 fh‘l Sect, 3.5.3.3, 132] —
Inclusive jets 7 TeV, 5" Sect. 3.1. [25,183] [21.48,91]

08/10/2015

&y '
; A /

\

0/ (9/

M. Gouzevitch. Constraints on PDFs and 0, from CMS
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3 2.1) DY neutral production at high p_

CMS 19.7 b (8TeV)CMS 19.7 fb" (8TeV) ;
; E LN B B B B T T T T 1 7 T E T T LA B T T T T T T E CMS 19.7 fb' (8Tev)
8 10_2;' O<ly|<0.4 _;f_.: 16<lyl<2 X 3_5;— | < 0.4 FSR
8 g +* + Data 3 + Data > - —— Statistical -+ - Background
%10-3_ —~ _;r - ] -% - —e— Total systematic — - p(u) scale+resol
% ~ TFEWZ E . +FEWZ E % 5 5:* --e-- Efficiencies --e-- Polarization
= -~ . 1 - 7 o 7 we Pileup
1\?10 3 . El - S of -+ MC stat
=~ 5 == - = -
'0010 E3 w 1.5¢
£ C ] E o
g 10'65— E3 _ . F = 1 .
@ g [ A
T 1 .gf#Systematic uncert. data 3 # Systematic uncert. data 3 0.5} (o ety
% "“F =1 Scale uncert. i 7 Scale uncert. ] C T e e g :
1.2F 1 PDF uncert. = PDF uncert. 7 QLT bt ' : - -
= ; ] 0 50 100 150 200 250
H_J 118 T E a; [GeV]
£ T — -
E T ameonn g H 0060 b Hh% 3
o TR SMP-13-13-
) 100 200 ! 100 200 .
q, [GeV] g, [GeV] arXiv :1504.

1) Measured double differentially to provide better constraint on PDFs
(Scan of x values for different Q scale values).
2) A very promising variable :
- Precision of 1.5 — 2 % on the normalized cross section
based on muon scale (precision in jets final states ~ 10 %).
- Sensitive to gluon density



3 2.1) DY neutral production at high p_

CMS 19.7 o' (8TeVICMS 19.7 o' (8TeV) arXIV . 1507-
; E T T T T I T T T T | T T T T E T T T T | T T T T | T T T T =
810_2"‘ O<|y|<0.4 7 16<|yl<2 |
E o = E . .
s T + pata & + bata : Preliminary results!
403 . N ny . . pI:II—*I ﬂrh:!usrue] . . ul-um-'
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3) NLO prediction for p_ of Z is NNLO for Z inclusive !

Scale effects are rather large compared to data precision
and tension observed.
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4) NNLO for p_ of Z just made public



2.2) Inclusive jets cross section
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2.2) Inclusive jets cross section
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2.2) Inclusive jets cross section arXiv:1410.67658

4DGMS 5.0fb (7 TeV) HERAPDF method CMS s.0fb ' (7TeV)

: 40 HERAPDF method
o P=1.9GaV* HERA-| TIS + CME feis|§ =" = T
& aslfe=l] R BE T, & as|TeGv] i
x 3.0 ;
o 2.5 < ]

Fract. uncert.

Fract. uncert.

_ 1) Impact of jet data for PDF fits demonstrated by a dedicated CMS paper :

- Jets data provides constraints wrt to DIS data (HERAI)
- Of course the real constraint in full PDF fits is
lower since other jet data are used.

2) Full NNLO calculated do not exist. But gg — gg already available

PDF fits (like NNPDF) use the inclusive jets points that have a
small k factor for gg - gg



2.2) Inclusive jets cross section  axiv:1410/67660

The PDF fits within CMS are used to :
1) test data impact on PDFs
2) put data in a format easy to use for PDF fitting groups

: e 3) spot potential features in data prior to a publication :

- Correlations between
different region of the detector was overestimated and revised.

- NP corrections was revised to include POWHEG (NLO+PS) in
addition to PYTHIA/ HERWIG (LO+PS)

- PS corrections from POWHEG was also studied but not
suggested for PDF fits since uncertainties and tunes are not yet mature.
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Strong coupling
extraction

Inclusive jets TTeV.5fb " Sect. 3.1. [25,183] [21,48,91]
Dijets T1ev, 31D ° Sect. 3.1. [25] -
= Three-jets 7TeV,5 " Sect. 3.1. [184] [184]
S Three-jets/Di-jets ratio 7TeV,5fh ! Sect. 3.1. [49] [49]

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element  Hadrons
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3.1) General concept for a_ from jet rates

Proton Structure
(PDF)

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
Wun 138918

Event 1 32253996
~ UDijet Mass © 2.150 Teyv

)
C}

Jet 2 py 557

Matrix Element

Hadrons

Jet 1 p SBS GeV

Proton Structure
(PDF)

3 jets production
sensitive to o, *

Ratio 3/2 jets
sensitive to o s

2 jets production
(or inclusive jets)
sensitive to o




3 3.1) General concept for a_ from jet rates

1) CMS specializes on strong coupling extraction from jet rates .
- Extract absolute strength

- Extract running from ~200 GeV up to 2 TeV.

: ‘ 2) Well established approach :

- Compare data to FastNLO / NLOJET++ (theory at NLO)
predictions corrected for NP.

- Vary strong coupling strength and marginalize over

theory and experimental uncertainties.

CMS E0fb" (7 TeV)
1.8 bl<0.5 ! E
r antik, R =0.7 ]
16 . pata/NP/EW ]

[ —— CT10a,(M,) = 0.112 - Min. value
4 — cTi0a M) = 0118

Ratio to NLOCT 10-NLO)
=

Jet P, (GeV)

==

s 3
:__'_:— [ _.CT‘IDu,(Mj]:DJEE-Ma:.vahE - ]
== 2f =k
— r H z= o

=t ; EHIEEHE
"_:;-___ nek . ] HH -
= 2107 10° 210°
1)



CMS Experment af the LHC, CERN

3.2) Data used for extraction at 7 TeV
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3.3) Strong coupling results

H1 multijets at low 0
EPJC &67:1 (2070)

H1+2EUS (NC, CC, jets)

H1-prelim-11-034, ZEUS-prel-11-001 (2011)
ZEUS incl_jets in v p

NPE 884:17(2012)

H1 multijets at hi%h %F
arXiv 14064709 (Z014)

CDF incl. jets
PRL 88:042001 (2002)

D4 incl. jets
PRD Bﬂ:JI 11107 (20049)

i} alﬁ. cofrel.

PLE T18:56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJC T2:2041 (2012)

ATLASN,,

AME-CEINF-ZN 3-041 (2013)

CM3R,,

EPJC 73:2604 (2013)

R i

CMS 3-Jet mass
EPJC 75:186 (2015)

CMS iincl. j

EPJC 75:288 (2015)

World .H.wrage-

Chin. Phys. C 38-090007 {2014)

| I [T T N B N B 1

0.13 0.14

1) All 3 measurements provide a coherent result with same sensitivity :

2) The most precise result from ttbar production cross section at NNLO.
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3.3) Strong coupling results : rule of thumb

-jetS ~ X as(Mz) = 0.1148 -+ 0.0014 (exp.) = 0.0018 (PDF) + 0.0050 (theory)
ncl.-1ets ~ o as(Mz) = 0.1185£0.0019 (exp) =+ 0.0028 (PDF}iﬂ.ﬂUﬂd{Nﬁ}fﬁ:%ﬂi
3-1ets ~ o as(Mg) = 01171 00013 +0.0024 |+0.0008 009 |

- (exp., (PDF) (theory)

Whatever observable you choose in hadronic final state
the uncertainty would be the same provided you stay at NL

- Larger is o, « order » you are sensitive to

- Larger are the scale uncertainties on the observable

- Larger are experimental uncertainties on the observable
related to Jet Energy scale

At the end things compensates more or less and you end up
with 5 % precise result if you do your job well.

(scale)




3.4) Strong coupling running

Om 0.24 ;_ CMS incl. jets : o (M,) =0.11857 °% _;
=3 0.22 — & CMS R, T
R = CMS ff cross section ]
0.2 F ol . CMS inclusive jets —]
C ‘% v CMS5 3-let mass ]
0.18— =
0.16 - I =
0.14 —
0.12F —
0.1 :— s DOinclusive jets _:
: = D0 angular correlation ]
008 o wm =
— & ZEUS ]
0.06 | | L L

10 10° 10

1) Fully coherent picture of strong coupling running between
ep and pp collisions up to 1.5 TeV.

2) New theory uncertainties (1 %) considered due to new region reached :
- presence of top quark in running.
- EWK effects uncertainties.
- ttbar « contamination » of multijet results
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B SUMMARY

: ‘ 1) The most detailed summary is in arXiv:507_

2) Run | 7 TeV results are all public and used in new generation
of PDFs.

3) Run | 8 TeV results are about to arrive : precise measurements
Requires time.

4) In general LHC demonstrated the ability to provide O( %) level
precise results and accepted by PDF community as major actor in the field:

« LHC is its own best friend to constraint PDFs in is own energy
regime »
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1.3) Inclusive W/Z production

1) Precise results are public
_ based on low PU data.
Expected to be the
‘ EWK-10-005 - First result at 13 TeV using 50 ns data.
_ 2) Clearly sensitive to the previous
generation of PDFs from

SI\/IP-lZ-Oll- « PDF4LHC »-recommendation era.
Not differential like ATLAS ones.

cMms L 182pb‘ uE 8TeV
o= — T T T T | 1 T 1 T T T T | T r— — T T T T T T T —_
= 2 — @ CMS,18pb", 8 TeV w4 £ 3.3 =
L1} - O CMS, 36 pb™, 7 TeV w* —= C ]
- @M 10 = CDFRunll - w g = - .
e x — O DORunl 2 - " ]
== b E & uA2 3 T 32 -
e - v UA1 — E B 7]
= B £ & saf .
=y 1 PP | = B ]
——s = 3 2= = -
= - 1 % 30f ;
= — B 7] 1 B Data(stat & sys) acc'e*FEWZ NNLO Prediction
%_ - ] - —e— Data(stat & sys & lumi) ~ —e— MSTW 2008 NLO
1l 10— | 291 68% CL —e— NNPDF23
el = 3 —s— CTEQ(CTIO)
= :. [— Theory: NNLO, FEWZ and MSTWog PDFs B ]
S — . | — 28 TS T TR R AN TR SN SN SN A S S T T
0 5 ? 10 20 2.20 2.25 2.30 2.35
acc a ]
Center of-mass energy [TeV] Gy XBR(W —v) [nb]
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1.6) Z+b and flavous scheme

[7TeV, 5 b

‘SMP-13-004 — HEPDN

Cross section Measured MADGRAPH aMC@NLO MCFM MADGRAPH aMC@NLO
(5F) (5F) (parton level) (4F) (4F)
o741 (pb) 352+ 0.02+020 | 3.66+022 370102 3.031030 311704 2367047
oz (pb) | 0.36+0.014+0.07 | 0374007 029700 0.29+004 0.3810% 0357008
o7+p (pb) 3.88+£0.02+022 | 4.03+024  3.99'0% 3.2370% 3497057 27100 |
Cribyz4i (%) | 515£0.03+£025 | 535+0.11 538703 47502 463705 36570700



http://link.springer.com/article/10.1007%2FJHEP06%282014%29120
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