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PDF sensitivity studies from ATLAS measurements

Why do we need to constrain PDFs?

2 Significant source of uncertainty on Higgs production*, large impact on the discovery

reach of new massive particles, ...
o (8 TeV) uncertainty *

Nomw | gg=H 1950 | 14.7% | NI
VBF [1.56p0| 2.9% | Il
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J. Campbell, ICHEP2012
> The ATLAS electroweak measurements affected by PDF uncertainties presented in this talk :
v Weak mixing angle

v W-mass

* With N°LO calculations, scale uncertainties decreased. Also, with the new round of PDFs, the differences between
the different sets will get similar to N°LO scale uncertainties, but still be a significant source of uncertainty.
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PDF sensitivity studies from ATLAS measurements

How can ATLAS data constrain the PDFs?
2> Inclusive W/Z cross-sections
2 Low and High Mass Drell-Yan

W-+c production

Jet and photon cross-sections

Top quark production s4m

>
>
>
>

Z-transverse momentum

\ Tile calorimeters
\ \ : LAY hadronic end-cap and
! forward calorimeters
Pixel deftector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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Part 1
Precision Electroweak Measurements
affected by PDF uncertainties
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Precision electroweak measurements dffected by PDF
uncertainties

1) Weak mixing angle arXiv:1503.03709, submitted to JHEP

A forward-backward asymmetry A__ in the polar angle 0 between the final state leptons

and the incoming quark direction, is observed in gg — Z/y* — €€~ processes in
the rest frame of the dilepton system (Collins-Soper frame)

* —
COS QCS =

pree 2(pTP5 — P P> 1
: where * _ _ _ ,

\P2.cel 2 2 Pi \/E(El == pz,z)
S (¥ m.f. p + pT,“

The weak mixing angle can be extracted from the asymmetry Apg = 9F —UB

OF + OB

The sign of cost” . is defined with respect to the direction of the incoming quark,
which is unknown in pp collisions.
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http://arxiv.org/abs/1503.03709v1

Precision electroweak measurements dffected by PDF
uncertainties

1) Weak mixing angle

e The forward direction (cos6’

lepton pair.

arXiv:1503.03709, submitted to JHEP

0) is defined as the direction of the longitudinal boost of the

e PDFs cause a dilution of the observed asymmetry and the associated uncertainties
* The results depend on the chosen PDF.
* The combined result (central and forward electrons, and muons) :

sin'd,, = 0.2308 + 0.0005(stat.) + 0.0006(syst.) + 0.0009(PDF) = 0.2308 + 0.0012
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Precision electroweak measurements dffected by PDF
uncertainties

2) W-boson mass (existing results)

m, is measured using the transverse mass

ALEPH -—-— 80.440:0.051 ( ma=2ph py[1—cosAd(l,v)] ) and the
transverse  lepton  momentum  (p,)
L3 —_— 80.270+40.055 d b .
oaL | - 00.41540.050 istributions.
LEP2 —a 80.376+0.033
' y/dof= 49/ 41

The indirect (EW fit) determination of m,

o | | DEIOE S (8m, = 8 MeV - Euw.Phys.].C74(2014)3046) 1S
Tevatron - 80.387+0.016
8 ez 426 mOre accurate than the measured value
Overal|average  + . 80.385:0.015 (bm, = 15 MeV) including the latest
80.2 80.6 measurements of CDF and DO
My (GeV] — natural goal at the LHC would be

5m, < 10 MeV.
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http://link.springer.com/article/10.1140/epjc/s10052-014-3046-5
http://arxiv.org/abs/1203.0275
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Precision electroweak measurements dffected by PDF
uncertainties

2) W-boson mass (PDF uncertainties)
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G. Bozzi, L. Citelli, A. Vicini - Phys. Rev. D 91, 113005 (2015)

The p.* cut reduces large x contributions (at generator level)
Each set can achieve 10 MeV by itself, but the spread of the central values

is larger than the estimated uncertainty

PDF uncertainties (and arising from low-p_*) were also investigated in an

ATLAS study (ATL-PHYS-PUB-2014-015) in the context of a W-mass
measurement.
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Part 11
Constraining the PDF

9 Rémie Hanna - CEA/IRFU/SPP



Strange quark density,
strange-to-down sea quark
distributions ratio

Constraining the PDF

1) Inclusive W/Z cross-sections
35 pb' of 7 TeV data (2010)

S [ ATLAS .
=700 =
© : .
3 o
500F =

B J Ldt=33-36pb" W' Iy, ]

400 E#= Data 2010 (s =7 TeV) -

C A MSTwos " ]

C 6 HERAPDF15 —|— Uncorr. uncertainty B

300 O ABKMO9 [ Total uncertainty .

L ¢ JRO9 ]

f

o
o
(&)
—_
—_
(&)
N
N
(@)

Theory/Data
o —_

[ N

l L

- L D I
o [

=

do/dn) [pb]

Theory/Data

Phys.Rev.Lett. 109 (2012) 012001
- Phys. Rev. D85, 072004 (2012)

00— —
- ATLAS .
5001~ .
oo e, |
- “iii_
300 -
- I Ldt=33-36pb" W1y, ]
200__-Data2010(|s=7TeV) ]
[ A MSTWO08 X B
C o —} Uncorr. uncertainty 7]
100__ o :EEAAAEQDHS -Total uncertainty ]
L O JR09 ]
11—6@(5—
1
o9F ¢ Loy v v |
0 0.5 1 1.5 2 2.5
oY

Theory/Data

160 e
- ATLAS
140
O o
20 ¢-ohk¢i '
100F h
80i JLdt=33»36 pb”! Z- 11T
E B Data 2010 (Is =7 TeV)
60:_ A MSTWO08
- © HERAPDF1.5 —}— Uncorr. uncertaint
405 Z j‘::g"/'og [ Total uncertainty '
20
1.1r
1
0.9
0

W+ and Z cross section measurements are compared to NNLO predictions using different
PDF sets. They are generally well described by the predictions, with a few deviations
observed.
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http://arxiv.org/abs/1203.4051
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Strange quark density,
strange-to-down sea quark
distributions ratio
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Constraining the PDF

1) Inclusive W/Z cross-sections
35 pb' of 7 TeV data (2010)

e NNLO fits using ATLAS data (epWZ) + DIS data from HERA
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Phys.Rev.Lett. 109 (2012) 012001
- Phys. Rev. D85, 072004 (2012)
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W+ and Z cross section measurements are compared to epWZ with free and fixed strangeness.
Also shown are the ratios of the epWZ fits. The enhanced strange quark fraction in the free s
fit leads to an improvement in the description of the y, distribution.
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S k densi N1
trange quark density, Constraining the PDF

strange-to-down sea quark
distributions ratio

1) Inclusive W/Z cross-sections Phys.Rev.Lett. 109 (2012) 012001
35 pb! of 7 TeV data (2010) - Phys. Rev. D85, 072004 (2012)

 o(W'+W)/o(Z) is sensitive to the flavor composition of the quark sea

Q2 =1.9 GeV2, x=0.023 epWZ freeS _ ATLAS

A ABKMO09 A

= NNPDF21 —=—

e MSTWO08 -

v CT10 (NLO) ¥

total uncertainty
Srpermentaluncertanty . M [ B r.=0.5(s+5)/d
-02 0 02 04 06 038 1 1.2 14
Fs

_ +0.25

AtQ}and x = 0.023, r,=1.00" "2

For central rapidity Z data, x = 0.013 at Q' = M}, where r,(0.013,M )= 1.00i8-(£

« Uncertainties are smaller at Q' = M" because the g splitting probability into
qq pairs is flavor independent, thus reducing any initial flavor asymmetries.
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Valence quark density Constraining the PDF

at low-x

Gy X BH(W— 1v) [nb]

2) W/Z cross-section at 13 TeV
« 85pb’, 13 TeV

E ®/0 ATLAS/CMSW-oN  eeeee W (pp)
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Measured total W* cross-sections, compared to
theory predictions in pp, ppbar collisions in the
combined electron-muon channel. The energy
dependence of the cross-sections is well
described.
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ATLAS-CONF-2015-039

ATLAS Preliminary

13 TeV, 85 pb
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R(W+/W-) is sensitive to u,,and d, at low-x.

Significant scatter for different PDF sets,
the favored ones are ABM12, NNPDF3.0
and MMHT14 which include data from
LHC Run L.

Further constraints with more data.
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Sensitive to parton flavor,

probes the photon content Constra ining the PDF
of the proton

3) Low Mass Drell-Yan Z/v* — L0 (f =e, ) JHEP 06 (2014) 112

At low mass, the cross-section is dominated by electromagnetic couplings of gg to
the virtual photon — different sensitivity to up- and down-type quarks compared to
measurements near the Z resonance.
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The fiducial cross sections are compared to fixed order theoretical predictions at NLO and NNLO from
FEWZ, as well as an NLO+LLPS from Powheg.

e Prediction combining NNLO QCD + NLO EW provides significantly better fit to data than the pure
NLO prediction.

At this point the measurement is not precise enough to provide additional constraints on the PDFs.
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http://arxiv.org/abs/1404.1212

Probes quark density
functions at large-x

Constraining the PDF

4) High Mass Drell-Yan Z/v* — €€~ phys. Lett. B 725 (2013) 223-242

4.9 fb' recorded in 2011 at 7 TeV

116 <m_< 1500 GeV,p >25GeV ©  fe ‘ T T T
e T o 10 @ 3
Q : ®e ® ATLAS -4 Data ]
. . — 10°F ® _ 4
This data can constrain the PDFs, 3 S, Sys. uncertainty
. O] 10° F Total uncertainty 3
articularly for quarks at large x 5 : . =
P y q & ﬁ 104F (5=7TeV, [Lat=491" ® 3
. . . b F electronp_ > 25 GeV, i <2.5 ]
Figure : Measured differential — S|E 10°F 1 asumpostyuncoramy notincudss *
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Directly sensitive to Constraining the PDF
strange PDF

5) W+c production JHEP05(2014)068
Using 4.6 b of 7 TeV data (2011)

1 from semileptonic charm decay within a hadronic jet
charged D ® (D or D *) meson
e The W and c are produced with opposite signs. The signal yield is defined as the

difference between OS and SS events.

* Charm quark is tagged -~

LI B LA Y 1 L L I L B Y L B B LI L R S LA
J ATLAS 1 ATLAS 1
Ldt=4.6fbo J Ldt=4.6fb
\s=7TeV aMC@NLO \s=7TeV aMC@NLO
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Data Data
—70.8+1.2+3.7[pb]  weF O ATLAS-epWZ12 —83.5+2.9+3.6[pb] st 0 ATLAS-epWZ12
Stat Stat
Statssyst =—t=/—+H A NNPDF2.3coll Stat+syst e A NNPDF2.3coll
1 1 1 l 1 1 1 | 1 1 1 | 1 l 1 | 1 1 1 | 1 1 1 | 1 1 1 ey ey ey ey
0 20 40 60 80 100 120 140 20 40 60 80 100 120 140
Sy S [pb] S °° [pb]

Measured fiducial cross sections compared to various PDF predictions based on aMC@NLO

All sets are consistent, but NNPDF2.3coll and ATLAS-epWZ12 sets are favored
(these sets have non-suppressed strange). NNPDF2.3 is less favored.
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Directly sensitive to
strange PDF

5) W+c production

Using 4.6 b of 7 TeV data (2011)

Charm quark is tagged

difference between OS and SS events.
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Constraining the PDF

JHEP05(2014)068

1 from semileptonic charm decay within a hadronic jet
charged D ® (D or D *) meson

The W and c are produced with opposite signs. The signal yield is defined as the
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Measured differential cross section as a function of lepton |n| compared to predictions obtained using various
PDF sets.

All sets are consistent, but NNPDF2.3coll and ATLAS-epWZ12 sets are favored
(these sets have non-suppressed strange). NNPDF2.3 is less favored.
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Directly sensitive to

strange PDF

5) W+c productlon

| | I T T T
J- ATLAS
Ldt=4.6fb"
Vs =7 TeV aMC@NLO
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v v NNPDF2.3
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r = 0.5 (s+5)/d

Constraining the PDF

JHEP05(2014)068

Measured ratios (W™ +¢) /(W™ + ¢)
compared to various PDF predictions based on
aMC@NLO.

Consistent with all PDF sets within 1a0.

Strange-to-down ratio, at x = 0.023 and °* = 1.9 GeV ?:;

r.=0.96+0.17+0.21

In agreement with the r_determination in the W/Z cross-

section measurement (previously discussed) :

—0 28
And supports the hypotheszs of an SU(3)-symmetric light
quark sea.
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Sensitive to the gluon Constraining l'he PDF
PDF

6) Incl. jet, di-jet and 3-jet cross-sections JHEP 02 (2015) 153 - JHEP05(2014)059

-1
4.5 fb! of 7 TeV data - Eur. Phys. J. C (2015) 75
g ¢ 8 : 3 & ¢ i
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e Inclusive jet cross section : the predictions CT10, MSTW2008, NNPDF 2.1
(left), HERA1.5, ABM11 (right) are generally consistent with the measured cross-
sections, except in a few bins (HERA, ABM at low rapidity).
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Sensitive to the gluon

PDF

Constraining the PDF

6) Incl. jet, di-jet and 3-jet cross-sections JHEP 02 (2015) 153 - JHEP05(2014)059
- Eur. Phys. J. C (2015) 75

4.5 fb! of 7 TeV data
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Non-pert. & EW corr.

— MSTW 2008
s1i. NNPDF23
o ABM11

e Di-jet cross section : sensitivity to proton PDF is reduced at large y* because it is
dominated by experimental uncertainties

e Agreement with CT10, NNPDF2.1, MSTW2008, disagreement in some bins with

HERAPDF and a strong disagreement with ABM11.
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Sensitive to the gluon Constraining the PDF
PDF

Prediction/Data

6) Incl. jet, di-jet and 3-jet cross-sections JHEP 02 (2015) 153 - JHEP05(2014)059

-1
4.5 fb! of 7 TeV data - Eur. Phys. J. C (2015) 75

1 4E — NLO QCD @ PDF 14 — NLO QCD ® PDF
e B ® hon-pert. corr. -TE : B * non-pert. corr.
1.2 § = ATLAS NNPDF 2.3 E 1.2E = ATLAS CT 10

i _:_|-|_d1=4_5fb1 442 ABM 14 E 1E {_[Ldt=4.5fb" Lty MSTW 2008
0.8 JVe=7Tev  2ZRUL - kemats  F 0.8 Ave=7Tev 22U R ouRos

- pu . T 'E = = ;: —
D'BE_ _E anti-k, R=0.4 = Statistical g__’ 0.6f _E anti-k; R=0.4 ~  Statistical
1.4 = 4<|Y*|<6 E 1.4 T 4<|Y*|<6
12:_ —::_ . P _: 12:_ g

E == — R RN o ] -

t + IS E 3 3
0.8F =+ i = 0.8 -
0.6F- -+ = 0.6F =
1.6F- +  8<Y'<10 1.6 = 8<|Y*|<10
1.4F + 1.4F 3
1.2F TR i 1.2F 2
0.6F 3 0.6F e
0.4E ; + ; E 0.4E . = ; E

4x10° 10°  2x10° m;[GeV]ax10? 10°  2x10°  my[GeV] 4x10° 10°  2x10°  my[GeV]4x10° 10°  2x10°  mylGeV]

e Three-jet cross section : this measurement constrains the proton's PDFs in
a different (x, Q) region than the inclusive and di-jet cross-sections.

e Good agreement with CT10, NNPDF2.3, GJR0O8, MSTW2008 and
HERAPDF1.5, disagreement with ABM11
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Sensitive to the gluon
PDF

Constraining the PDF

7) Incl. jet cross-section at 2.76 TeV and 7 TeV EPJC (2013) 73 2509

— — T T T T T T T T T T TT —_— T T T T T T
> L | > ]
225F T ATLAS 5§ ¢ 1 ATLAS
o \ - [ 3
E g 0.8~ ]
1.5 . N 3
o & 0.6 .
1 - - .
B Q%=1.9GeV? g 04— Q*=19GeV® ~
0 5:_ 1 HERA I fit = - HERAIfit Ny .
= — HERA+ATLAS jets R=0.6 fit . 0.2 —= HERA+ATLAS jets R=0.6 fit e —
v, 1110 HERA+ATLAS jets 2.76 TeV R=0.6 fit . [ IIII HERA+ATLAS jets 2.76 TeV R=0.6 fit S ]
0 I HERA+ATLAS jets 7 TeV R=0.6 fit = o= HERA+ATLAS jets 7 TeV R=0.6 fit .

T Ry | L el L LTl | L | R | 1 R
= = S © E 3
@ = = I = 4
% 118 ’,,/ 14 2 1= / E
= 1 = 2 = —
o = = o - =]
10° 10" 1 10° 107 10" 1
X X

Momentum distributions of the gluon xg(s) and the sea quarks xS(x) using fits to HERA
data alone and to HERA+ATLAS jet data

e Including ATLAS jet data — harder gluon distributions and softer sea quark
distributions at high-x.

 ATLAS-epJetl3 : new PDF set derived by including ATLAS data in HERA 1.5
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Sensitive to gluon PDF Constra ining the PDF

8) Incl. isolated prompt y cross-section Phys. Rev. D 89, 052004 (2014)
e 4.6fb'at7 TeV ATL-PHYS-PUB-2013-018
%- 102 ATLAS Preliminary ) g _in_ATLAS Preliminary
O 10 pp—>7+X|‘§=7TeVJ.L=4.6fb %- e —
=] Q —— P
Z = 0.8F
2l . F
= —
4 =
- -
3| osF
; I
107, pata | < 1.37 %4 CT10
10°E ¢ 5 uncorrelated @ MSTW2008 2
7F (] 8 total HH ABM11_5N g_
107FE —— jetPhox — HERAPDF1.5
108 - - - JetPhox + shifts == NNPDF2.3
260 360 460 — 'iDOO 200 300 400 1000
EE;. [GeV] E}I'. [GeV]

» Tension between the measured data and the predictions for many of the current PDF sets, reduced when including
the PDF uncertainties.

o In the intermediate E_region where the data are most precise, the scale uncertainty is dominant, thus NNLO
calculations may be necessary to fully exploit the constraining potential of this measurement.
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Sensitive to the gluon

PDF

9) Top quark production

4.6 fb', 7 TeV

Constraining the PDF

Phys. Rev. D 90, 072004 (2014)

18— ® 1. 8 e
5 - ATLAS Data S - ATLAS Data

Q 1.7 e CTIONLO 1 2L e CTIONLO 3
> 1-6}J‘LdT:46fbr1 . MSTW2008NLO 3 > 1-6}J~Ldt:46fbr1 ® MSTW2008NLO 3
g E ' 4 NNPDF 2.3 3 - ' A NNPDF 23 E
S 19 5-7Tev ¢ HERAPDF15 1 £ 1.9F =7 1oy ¢ HERAPDF 15
1.4F E 1.4F 3
1.3F #: 1.3F +| 3
1.2F 1 12F =
KL EIY: Wt
P e SRR & h: -n ' ?
gl el Py Tl = T e B e =
E-t d - '“ 7 1Z -A. 3
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0.8:'""‘"""‘""""""""""': 0_8:....\....|....|‘...\.‘..l‘...\.‘.‘|‘...\.‘.‘|‘..F

0 50 100 150 200 250 350 800 250 450 550 700 960 2700
p‘T [GeV] m. [GeV]

« Tension with all predictions at high p_. For m , agreement with HERAPDF1.5 (+NLO QCD calculations).

e Needed NNLO+NNLL calculations in QCD and after including electroweak effects.

10)Z-boson transverse momentum
» Sensitive to gluon PDF, but needs higher order QCD and EW corrections.

« Possible use of Z-p. to constrain gluon PDF now that we have NNLO Z+1jet calculation.

 Complementary to other processes such as the direct photon production, the top-quark pair
production and the jet production.
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Summary

Many measurements are affected by PDF uncertainties : Higgs
production, electroweak measurement, heavy particles discoveries,...
A better description of PDFs results in more precise measurements.

The LHC energies allow for sensitive tests of perturbative QCD, and
determination of the partonic content of the proton.

PDF fits performed in ATLAS using W/Z, W+c and jet data, lead to
improving the knowledge on the strange and gluon densities.

Further constraints are expected from the coming measurements at
13 TeV.
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W-boson mass (PDF uncertainties) ATL-PHYS-PUB-2014-015

S qgtpp WS =7 Tev S qgthpp 5> W;iE=7Tev
@ F Q o
9, - S -
. i = i
s g T
s 10? 2 5 10 2 E
o o L o
i —, i v,
10'3_— mee Vs 10-3__ TR
- CuTe NLO+NNLL ' VandV,, E CuTe NLO+NNLL - Vgand V,,
2 12Fcceeseereeeeeees 2 12 ceseeeseresenee
1; LA Pttt 1; lllllll v 2l
I n.B;_ ‘.‘4 I ﬂ_B;' ‘.4
0.6F .+ 0.6f .
0 20 40 0 20 40
P [GeV] pY¥ [GeV]

Normalised differential cross sections as a function of p," for W* and W~ production. The spectra
corresponding to only V_,only V_,andonly V  and V__CKM matrix elements are compared.

MW-NLO CTl0nlo MSTW2008CPdeutnlo NNPDF30O_nlo_as_118

W+ +13-12 +18-22 +11-10 +8 -10
W= +22-22 +18-23 +11-10 +8 -9
W= +11-11  +14-18 +7 -7 +6 -5

Summary of PDF uncertainties (MeV) for the extraction of m,
from the p._ spectrum.
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W-boson mass (PDF uncertainties)
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Differential cross sections as a
function of p ** for W*, W~ and Z

production for different initial
parton flavors, as evaluated by CuTe

at NLO+NNLL. All distributions are
normalized to the same area.
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Gz X Br(Z/y*— Il) [nb]

W/Z cross-section at 13 TeV ATLAS-CONF-2015-039
« 85pb’, 13 TeV

L ® ATLAS Ziy*— 1l eeeeees Ziy* (pf)
O CMs  Ziy i ATLAS Preliminary
1l— ®/O CDF Zy el 13 TeV, 85 pb™
- B Do Ziy—ee
- ® LAl Z4 = es R =gfid / fid
L O UAl Zi—suu wiz w* z
- Y ua2 Zirsee [ total uncertainty
B stat. uncertainty
01— ATLAS Preliminary Ao ABM12LHC
= Data 2015 (Vs = 13 TeV) v CT10nnlo
C m NNPDF3.0
o e MMHT14nnlo68CL
B cle e b b
fid fid
102 Gwi f GZ
i i i i i | i i i i i i 1 i |

! R(W+/Z) constrains s-quark distributions

Measurement consistent with all PDF sets

10
(s [TeV]

Measured total Z cross-sections, compared to
theory predictions in pp, ppbar collisions in the
combined electron-muon channel. The energy
dependence of the cross-sections is well
described.
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Low Mass Drell-Yan Z/v* — L8 (¢ =e, ) JHEP 06 (2014) 112

Nominal Measurement 26 <m, <66 GeV p, > 12&15GeV = 2011, 7 TeV data (1.6 fb™)

thotaI

Extended Measurement 12 <m, <66 GeV p.| > 6&9 GeV +2010, 7 TeV data (35 pb™)
(p channel only)
; 103 ;L ] T T T T [ T LI L ] LI T T T T 7T I LI T ] T T T T .'E
3 : ATLAS ;
e i ]
= - s=7TeV i
% 102k = 2010 Data:_[ L-35pb"
- —+ 2011 Data:j L-161"
I : i
4+ Data (nominal) . .
10—+ Data Uncertainty —— ~| Comparison of Born-level nominal (e + p) and
- - E‘;ﬂ g:s:;g:;f o 1 extended (p) channel differential cross
- — Data Uncertainty . 4 sections as a function of the dilepton invariant
- [ Total Uncertainty 771 mass, m, extrapolated to full phase space.
1 | | | 1 | | 1 1 1 | | | | 1 | | 1 1 1 1 I 1 | | | | | 1 | | I
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m, [GeV]
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Inclusive jet cross section
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Double-differential inclusive jet cross-
sections as a function of the jet p_ in bins

of rapidity

JHEP 02 (2015) 153

l—l1012 L B N T T T T T T T
% anti-k, jets, R=0.6 ATLAS
Q 100 2010:_[Ldt=36 pb’, 1s=7 TeV o 2011:20<|y|<25
o] .
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L]
102 . -
2011 Systematic o
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p, [GeV]
Inclusive jet cross-sections from the measurement
using 2010 data and those using 2011 data, as a
function of the jet p. in the lowest rapidity bins, for
anti-k_ jets with R=0.6.

The sizes of the rapidity bins differ between the two
measurements, hence only a qualitative comparison
is possible.
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Di-jet cross section (left)

JHEP05(2014)059

4.5 fb', 7 TeV, double differential cross-sections as a function of dijet mass and
half the rapidity separation of the two highest-p_jets y* = |y -y |/2
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Three-jet cross section (right)
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Eur. Phys. J. C (2015) 75

4.5 fb', 7 TeV, double differential cross-sections as a function of 3-jet mass,
and the sum of absolute rapidity separation between the

mjj; = \/(Pl + p2 + p:3)2

three leading jets, |Y™*| = |y1 — y2| + |y2 — y3| + [y1 — 3]
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Incl. jet, di-jet cross-sections JHEP 02 (2015) 153 - JHEP05(2014)059

PDF set y* ranges mass range Pobs
(full/high) R=04 R=0.6
= Th —o3 e y* < 0.5 high 0.742  0.785
' NLO PDF set:  CT10 MSTW2008 NNPDF2.1 HERAPDF1.5__ABMI1 CT10 y* <15 high 0.080  0.066
Y[ <05 84% 61% 72% 56% <0.1% yt < 1.5 full 0.324 0.168
0.5 <|yl < 1.0 91% 93% 89% 19% <0.1% y* < 0.5 high 0.688 0.504
1-0 i I?f} < ;5 2‘;;’; ::Z 2;; ‘;:Z; 2557;{ HERAPDFL5 y* < 1.5 high 0.025 || 0.007
D Yy < 2. 93% (3} J170 270 2970 *
2.0 < |}j\ <25 86% 82% 85% 26% 57% y <15 full 0.137 10.020
2.5 < |y| < 3.0 95% 94% 97% 82% 85% y* <05 high 0.328  0.533
MSTW 2008 y* < 1.5 high 0.167 0.183
1 ranges R =0.6 P y* < 1.5 full 0.470 0.352
NLO PDF set: CT10 MSTW2008 NNPDF2.1 HERAPDF1.5 _ARMII y* < 0.5 high 0.405 0.568
yl < 0.5 52% 45% 57% % <0.1% * ;
0.5|Jg| ly| < 1.0 31% 47% 40% <0.1% NNPDF2.1 y* <1 high 0-1o1 0125
10 <[yl < 1.5 95% 92% 90% 92% 2.3% y <15 full 0431 0.242
1.5 < |y| < 2.0 89% 85% 86% 94% 58% y" <05 high 0.024 <107
2.0 <[yl <25 84% 88% 89% 49% 72% ABM11 y* <15 high <107 <1077
2.5 < |yl < 3.0 88% 98% 97% 6% 78% y* < 1.5 full < 10_'3 < I[J_'3

* Inclusive jet cross section (left) : the predictions (CT10, MSTW2008, NNPDF 2.1, HERA1.5, ABM11)
are generally consistent with the measured cross-sections, exceptions : highlighted.

* Di-jet cross section (right) : agreement with CT10, NNPDF2.1, MSTW2008, disagreement in some bins
with HERAPDF and a strong disagreement with ABM11.
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Z-boson transverse momentum
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Left : comparison of the p ? distributions predicted by different computations: FEWZ and DYNNLO
(top) and ResBos (bottom) with the Born-level combined measurement, inclusively iny .
Right : ratios between these predictions and the combined measurement.
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