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SM Z, W, t production
EW interactions at TeV scale

pQCD

K2

Z/vy* g

Parton distribution
functions f of the
proton (pdf)

X1,X, = momentum (+ other
! diags...)
fraction of partons q q 104 1 X2
Hard scattering G for ki
sub-process between
partons of flavour a and b
=Y b )dx:dx, f, (X1, Q%) Gopi(Xa xp)  fr(xy,Q?)
a,b,k 1 2 Ja\*1D a,bk\*a» *b b\*1»
Via hard scatter, can produce massive EW states in pp/pp collisions
Thanks to: 3

desy.de, hepdata.cedar.ac.uk



Global fits to extract PDFs

Thanks to:
M. Sutton Moriond 2014, U. Klein DIS 2012

m Feed e.g. W5, Z/y*, ... cross section information into global fits to extract PDFs
= All data have differing sensitivity to different aspects of the proton’s PDFs.
= EW boson production sensitive to valence and sea quark distributions
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(related at LO to momentum fraction x)
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Parameterise PDFs:
Xg(X) = AXBI(1-x)o+...
Xu,(X)= ...

xd, (X)="...
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Beyond the SM?

New Physics
Processes?

New particles
in this loop?
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Searches for new dilepton resonances

Anomalous couplings of gauge bosons




Outline of presentation

Single W, Z/y* production
= Z/y*: my, Yy, dependence
= Lepton and W charge asymmetry
= My,
Multiple W, Z, y production
= Neutral and charged aTGC
= VBS: W*WHjj production

Top physics
= Quark pair, single-top cross sections, |Vy|
= Mass

Will show an illustrative experimental result per topic, but many of these measurements
done at all experiments: DO, CDF, CMS, ATLAS (too many to show!)



SINGLE W, Z/y*
PRODUCTION
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Very wide mass range measured at the LHC: m,~12-2000 GeV

m,, dependence of Z/y" production
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Measurements compared to fixed-order calculations like FEWZ, including higher-order EW
corrections, and various PDFs

= PDFs: MSTW2008, HERADPDF1.5, CT10, CT10W,AMB11, NNPDF2.1,2.3, JR09, ABKMOQ9, ...
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= CMS 7TeV: (1/o,) do/dmy: ee+pup channel normalised to
peak region

= Comparisons including LO and NLO EW corrections & - oas

= Dimuon (1/c,) do/d|y,| normalised to peak region in my, e
bins compared to FEWZ using various PDF sets
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arXiv:1312.6283
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LHC lepton-charge asymmetry

= Dominant W production mechanisms at LHC: _
= valence+sea antiquark: dU—W ™ and ud—o>W+
= W* W- production asymmetry due to valence content

« Ryo/w- 1394 001(stat) +0.02(syst) (CMS at 8TeV)

= Lepton charge asymmetry vs. pseudorapidity n can provide
information on PDFs:

g—;;{w—ﬁf—u —do W 5 7)
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= d/u ratio and sea antiquarks (including strangeness)
= CMS measurement at 8TeV with W—uv and p£>25GeV

= Agreement with , NNPDF2.3,

= Less so: MSTW2008 |n|<1 (MSTW2008CPdeut better)
= LHCb measurement at 7TeV with W—puv and p;>20GeV

= Forward acceptance: unigue rapidity coverage for PDFs

= Excellent agreement with NNLO + different PDFs
except at highest n where some predictions
undershoot the
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= Lepton charge asymmetry is convolution of W asymmetry and V-A structure of W decay
= Leptons at given n originate from a range of W rapidity y,, and hence wide x range
= DO at Tevatron: use v weighting method to extract W charge asymmetry

= Assuming m, value gives two possible solutions to missing information on pV,, which
can be partially resolved on a statistical basis from known V-A decay distributions,
assigning probabilities to pv, solutions

= 9.7fb1 at Vs=1.96TeV

Tevatron W charge asymmetry
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= EW sector of SM relates important parameters such as my,, agy, G and sin26,,

= Quantum corrections to m,, dominated by contributions depending quadratically on the top
mass m, and logarithmically on the Higgs mass m,
t H
W o, W W W
: VRO

The mass of the W boson: m,,

= Precision measurements of m, were first used to predict m, before the Higgs was observed

= Now use comparisons of predicted m, to measured my to look for new physics! pTW
= Extraction of my, from hadron collisions 4
= ud>W*(>€v)+X — Can't fully reconstruct the final state!
= Transverse plane balance: p;'=- p;‘- u;
= Use variables sensitive to m,, :
= prt, Ef™SS, m= 2 pefpr [1 - cos (o - ¢,)] YD => pTV

= Simulate what these variables should look like as measured in
the detector, scanning over a range of possible m,, values

= Perform a fit of these templates to data Hadronic recoil ﬁ
-

12



Tevatron my,

s Fermilab Tevatron measurements
= DO: W—ev, 4.3fb1, 1.68M evts (+earlier 1fb-1) [PRD89 (2014) 012005, PRL108 (2012) 151804]

= CDF: W—e,uv, 2.2fb, 1.10M evts [PRD89 (2014) 072003, PRL108 (2012) 151803]
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Future prospects for m,,

= Use global fits of EW sector of the SM to compare and predicted masses

= Incredible compatibility! my,, m,, m - Clobal EW
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= Even with precision of sm,, = 15MeV, em 1y _ _
o _ _ L[] 20 300 3000
indirect determination of m, better by factor of ~2 PDF 10 5 3

= Calls for better measurements QED rad. 4 3 2
- - [ . Ir'.
= Projected final Tevatron precision: dm,, ~ 9MeV? prilV)model ) 21
other systematics | 10 3 3
= Can LHC do better? A real challenge! W statistics 1 02 0
= Higher pileup environment Total 15 8 @
= Momentum scale, recoil model, PDF Note on theo uncertainties on mass:

= Will need to be well known ATL-PHYS-PUB-2014-015 14



MULTIPLE W,Z,y
PRODUCTION
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‘ Multiple Gauge-Boson Couplings

Z
9?;: BSM? New particles

in this loop?

W
g S

T W
Test predictions of EW sector of SM at TeV scale /
= Self interactions between gauge bosons
= Will talk about anomalous Triple Gauge Couplings (aTGC)
Anomalous quartic gauge boson couplings aQGC also being measured
SM diboson production is also a source of background for:
= Higgs production (e.g. HHWW, Z7)
= Searches for new physics
= Deviations: new resonances decaying to gauge bosons, other non-SM processes?
At tree level, some TGCs are non-zero in the SM
= YWW, WWZ
Other TGCs are zero at tree level but have non-zero contributions at the higher loop levels
= €.9. yZZ O(10#) contributions at one-loop SM. Some BSM models are O(10-3-104)
Precision measurements could reveal new physics!
Will review processes with ZZ, WW, WZ, Wy, Zy final states

= leptonic decays of W,Z (W—év, Z—>€,vv) 16
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= Introduce a general V V' V” vertex
n  YWW, WWZ, Zyy, ZZy, ZZZ
= Coupling nomenclature:
= Define couplings such that SM values are 0 or 1

= For SM couplings that are 1: define
deviation A from SM

» Test for any aTGC
= Note: Many terms in Lagrangian would give cross
sections as a function of Vs leading to unitarity
violation. As this is not possible, new physics
interactions at scale A needed to counter the effect

= Use form factor parameterisation that leads to
couplings that vanish at high Vs

f;Y ="/ (1+5/A%)"

1

aTGC: nomenclature

Charged
Couplings Vertex (Final state)
A, AK, YWW  (WW, Wy)
A, AKXy, AQA | ZWW (WW, WZ)
Neutral
Couplings Vertex (Final state)
hs', hy' wZ  (Zv)
3%, hy” ZZy  (Ly)
f,r, Ty vZZ (ZZ)
f4Z, fSZ 277 (Z2)

17
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Feb 2013 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Neutral aTGC
limits

LHC is now dominating this measurement
— No evidence for aTGCs

Lyy, L4y, L1Z
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?'A’ PRL113 (2014) 141803

Vector boson scattering (VBS): W*W+jj

= VBS VW—VV where V=W or Z: key process to probe nature of EW symmetry breaking
= Without a SM Higgs, longitudinally polarised VBS amplitude violates unitarity at ~1TeV!
= Newly discovered Higgs boson could unitarise process

= V+V+jet+jet in final state — both EW and strong processes q v Jet
= Same sign WW: EW process dominates W=

= W*WHjj production: ATLAS 20.3fb! at 8TeV Zly\W, H, 4-pt------
= Enhanced VBS region: etet, p*ut ,ute*, + q— W=
|2|2 well sepgrated Jets in JAyjl, high invariant mass m;>500GeV Jet
2 805 amas ) Lowaos ] | ATLAS SM 6YB5=0.95 £ 0.06 [fb]
i 05 20.3 b s =8 TeV BE=H Sylst_lUncertainty ] 20.3 b,1s=8 TeV NLO. POWHEG-BOX, CT10 & :“ PR R B ;1.1.-;.3. e H:
- WAWHj Electroweak | | . . . ]
m> 500GV wwgstong | | & 0.6 20317, \s=8TeV |
ooF- W Prompt 1| 0.4£1.0+4.0[f0] - 0D > WEWE ] ]
- 1 g?hn;re;?:g? sn::m t eu 0.4 K-matrix unitarizaton
18] promp 1.3+ 0.620.25 [fb] 0 2i E
wopt L ]
10: 1.7+ 0.8+ 0.15 [fb] o .
Combination ——— - ]
13+0.4+02(fb] -0.2~ confidence intervals =
. PRI B R B | S R B S 4;.68"/«:0L j
A 05 0 05 1 15 2 ) %B;Z?'b] 04 o5y, oL ]
Ayl -0.6/— —expected 95% CL =
m 3.60 significance of EW signal (o, (VBS)) ¢ Standard Model :

o _ _ 0405 0201 0 04 02 03 04
= Deviations from SM quartic gauge couplings: o
= Parameterised by ay,05 : limits set
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Top production and decay: the many properties

tt and single top

— production cross sections
(differential too!)

— new production mechanisms? \N*

(anomalous?) couplings
— Vi

o)

Polarisation, spin correlations,
production asymmetries

Top properties
— mass, width, charge ...

o\
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= Top quark pair (tt) production is via the strong interaction

q t «85% Tevatron 15%— g t

t «<15% LHC 85%— g4 i

QI

Top quark pair production and decay

= Top quark subsequently decays ~100% to W + b: tt—>W*W-bb

= W decays are hadronic or leptonic
= Dilepton channel: very clean but low rate w*
= Lepton+jets: clean and good rate -
= Measure tt production cross section o(tt)

= Precise o(tt) —> measurement of SM parameters: m, and oy

= New physics could be hidden? New production modes or decays?

q t'or t? New heavy quarks?
SUSY decays?
g
\s [TeV]  o(tf) (NNLO+NNLL) Uncert.

Z’(?) [pb] (Mm=172.5GeV) [20]
2 7.35
= SM predictions: —> 7 177.3
= Will be a trade off: 8 252.8 x100 e

= Stats vs. sys 13 824.2

Oyt [PB]

280

260 |
240 1
220 1
200 ¢
180 |

160

140 ¢

120

Dileptons

Lepton+jets l

All jets
~45%

MSTW2008 L

Fixed Order —— | |
NLO+res =—=— | |
NNLO+res =—— |

=173.3 GeV: A=0
SENLO: NNLO
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https://inspirehep.net/record/1121128/files/fig_1_feynman_ttbar_production.png
https://inspirehep.net/record/1121128/files/fig_1_feynman_ttbar_production.png
https://inspirehep.net/record/1121128/files/fig_1_feynman_ttbar_production.png

tt: dilepton

s ATLAS simultaneous: tt, WW, Z/y*—1t
= Dominant processes in ep final state
miss
= Template fit over E; NJetS
- . . . . %12007- T IAT‘LA‘I‘I‘I‘
§ JL:tﬂ'ﬁ;,b 06 e E b r Ldt=4ss|b" 08 e ]
2 o eertevan 1000 RS
P %i‘al @ syst. uncertainty 2 7 %i’ Y. ty ]
a>) Zotw E 800/— ~ [ sy ad a
. sww E ww ]
[ Prompt bkgd. S 2 ] Prompt bkgd. 4
[ Fake or non-| pramptbkgd7 600; “#{ W Fake or non-prompt bkgd.
NjetS:O 400/ jetle i {
200k .
0’ al
- 1’4,
3 £ 12
5 N
8 8 08
0 10 20 30 40 50 sgn‘ss?g 390)9[39\1/]00 0 20 40 60 80 100 WEO 1(4(?EK1G>01)1[BG[16\2,(])U
= Normalisation tt, WW, Z/y*—tt free pars
H [ I’ AE:MH-I:INLO ‘ ' ' ' ' f n
= [ Neraecsesnnio (5 =7 TeV, | Lt =467
bt _0 HERAPDF15-NNLO _
L1300 e 16(Z/y*—11) Vs. o(tt)
¥ PREtoaa :
1200PZRREE"TT T - .
i - 1Comparisons
1100F o Jwith PDFs
g C ]
1000_ NNLO —_ 7 ]
r ATLAS ]
150 200 arXiv:1407.0573
ot [pb]

LHC combination with first 8TeV results

ATLAS+CMS Preliminary a; summary, \s = 8TeV TOPLHCWG

Combined results
Tevatron Run Il combined results

Tevatron Run I
CDF dilepton | o e o | 7.09+0.83 8.8 b
+0.49 + 0.67 o
CDF ANN leptonsjets oo 7.82+0.56 s’ | A
+0.38 £ 0.41 W)
CDF SVX leptonsjets  [mmjmmgpunjun] 7.32+0.71 a6t | OO
+0.36 + 0.61 ©
CDF all-jets = 7.21+1.28 20t | AN
+0.50+1.18 B
CDF combined E e 4 7.63+0.50 =
+0.31£0.39 I
D@ dilepton | —— 7.36 £ 0.85 547 | N
(@)
D@ lepton+jets [——a—] 7.90+0.74 5.3 fb" ~
N
DO combined =0 =] 7.56 £ 0.59 o
+0.20 £ 0.56 o
H
Tevatron combined o= 7.60+ 0.41
m, = 172.5 GeV +0.20£0.36
Lo las sl sl
6 7 8 9

pP— tl cross section (pb) at\s=1.96 TeV

stat = sys = lumi — tot = 5.4%

" My, =172.5 GeV
m  scale uncertainty
scale @ PDF @ ag uncertainty

ATLAS prel., e/p+jets —
ATLAS-CONF-2012-149, L,,=5.8 fb"

CMS prel., e/u+jets —e
CMS-PAS TOP-12-008, L,,=2.8 fb"

CMS, e/p.wh
arXiv:1407.6643, L,,=19.6 fb”
arXiv:1406.5375, L,,=20.3 1b"

CMS, dilepton (ee, p, ep) —.
JHEP 02 (2014) 024, L,,=5.31b"

LHC combined ey (Sep 2014)
CMS-PAS TOP-14-018,
ATLAS-CONF-2014-054,

ATLAS, dilepton ep s

. NNLO+NNLL (Top++ 2.0), PDF4LHC

Sep 2014

- stat. uncertainty
— — — total uncertainty
S *(stat) £(syst) £(lumi)

241+2+31+9pb

228+9 5 +10pb

— 257+ 3+24+7pb
24241755+ 7.5pb

239.0+2.1+11.3+6.2pb

241.5+1.4+57+6.2pb

L,,=53-2031"
Effect of LHG beam energy uncertainty: 4.2 pb
(not included in the figure)
Illll\\l\l\l\\ | N I S |
100 150 200 250 300 350 400
o, [pb]

stat << sys = lumi — tot = 3.5%
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www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_feynman_diagrams.html

Single-top production

Single-top production is via the EW interaction
q b w q ¢
w w*
t
t
g t q' b
b
t-channel Wt-channel s-channel
Measure fundamental parameters of SM
" Ggngle-top — |Vinl> = CKM and unitarity
®» V., measured at LHC, Tevatron: ~2-10%
Background in Higgs and SUSY searches
Sensitive to new physics?

q

\s t Wt s Tot.
[TeV]
2 2.08 0.25 1.05 ~3
(62%) (7%) (31%)
8 87.8 22.2 5.55 ~115
(76%) (19%) (5%)
14 248 83.6 11.86 ~343
(72%) (24%) (4%)
Meas. ~10% ~20% —~20%
precision LHC LHC Tevatron
CMS Preliminary |Vm| Summary August 2014
T —
CMStW, 7 TeV, 4.9 fb'1, PRL110 (2013) 02203
1.010 + 312(exp) + L84(th) ®
CMS tw, 8 TeV, 12.2 fb't PRL 112 (2014) 231802 .
1.030 + 0.120(exp) = 0.040(th) -
1 i
CMS t-ch., 7 TeV, 1.17/1.56 fb™, JHEP12 (2012) 035
1.029 + 0.046(exp) = 0.017(th) —_——
Ii
!
CMS t-ch., 8 TeV, 19.7 ﬂ)", JHEPOG (2014) 050 !
0.979 + 0.045(exp) = 0.016(th) ° ,
CMS t-ch., 7 and 8 TeV combined, JHEPOE (2014) 090 :
0.998 + 0.038(exp) = 0.016(th) ——
I
cms (TR, 8 Tev, 19.7 ", PLB 736 (2014) 33 et
1.007 + 0.016(stat+syst)
L L L L | L L L L ‘ L L L L ‘ L L L L ‘ IIIIIIIII | L
s 06 07 08 039 1 11 12



= t-channel: CMS @ 8TeV (19.7fb1)

= Lepton + 2 jets (1 b jet)

» Template fit on the untagged jet

4 Dl

Evarms/025
tn

10" CMS, /=8 Tev, L= 19.7 Iv", muon, 2-jst 14ag

B r-channed
O, tw, s-channsd

B Wiz =t dlbosons
[ G0 ket

B 2yt uraertzinty

JHEPOG (2014) 090

LA

Och (t) = 53.8 £ 1.5 (stat) = 4.4 (syst) pb
Or-cn (t) = 27.6 £ 1.3 (stat) £3.7 (syst) pb

Single top: t and s channel

= s-channel: CDF full run 2 9.5fb-1
= |+jet and E{™Ss+jet
= MVA discriminan’ts\lsensitive to s-channel

" 9

[ 1s-ch single top
[ t-ch single top
)

[ 1 V+jets
1 QCD multijet

Events/0.04

t-channel cross section [pb]
N
[8)]

Single top quark, Tevatron Run I, Lim <97

0 ®\easurement
gsm’
FCNC?
OFour gen.3
O " 4
CTop-flavor
e A ATop pion®

Fermilab-CONF-14-370-E

C PRD 81: 054028, 2010; PRD 83: 091503, 2011 1s.d.
- 2 . y
0.5 PRL99- 191802, 2007 2s.d.
- YEPJ c40: 791, 2007
- “PRD 63 014018, 2001 3s.d.
O_\|||||\||||||\|\|\|‘|\|\|\|\|‘|\|\‘|\
0 05 1 19 2 25 3 35

s-channel cross section [pb]

N
‘\Siqnal region Two-jet TT
Ll N
(e) “RRL 112 (2014) 231805
A

| 1 _I_: - | E
% 02 04 06 08 1
N N“g

s Tevatron: t-channel vs.

s-channel: summary

m BSM predictions: 4-

guark generations, top-
flavour model with new
heavy bosons, top-
pions, FCNC
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Top mass

m;, is a fundamental parameter: my,, m,, m, together test the consistency of the SM
Many techniques to extract m,

= Decay kinematic fits or likelihood compatibility with top hypo, template fit to reco mass

Matrix element technique: DO I+jet (full run 2, 9.7fb1)

= From kinematic info in the event, use LH technique per-event probability densities
= Calculate probability that each event results from a tt or bkg
= Overall JES is calibrated by constraining in-situ mass of hadronically decaying W

[ m, = 174.98 = 0.58 GeV
[ e = 1.025 = 0.005

172 173 174

175 176 177

m, [GeV] PRL113 (2014) 032002

CMS combination
September 2014

Entries/30 GeV

(b) DO 9.7 fb”
l+jets

—~Data

Other bgs
B W+hf

W+If
I Multijet

400 600
m [GeV]

172.38 = 0.10 + 0.65 GeV
{value + stat + syst)

Tevatron combination
July 2014 arXiv:1407. 2682

174.34 = 0.37 + 0.52 GeV
{value 1 stat + syst)

World combination March 2014 =18 173.34 £ 0.27 + 0.71 GeV
ATLAS, CDF, CMS, DO {value t stat + sysf)
| | | | | | | | | | | | | | |
165 170 175 180
m, [GeV]

800

1000

World avg last March: same precision of <1GeV,
Some tension with most recent measurements

m, = 174.98 + 0.58(stat+JES) + 0.49(syst) GeV
m, = 174.98 + 0.76 GeV [0.43%]

Tevatron+LHC m,__ combination - March 2014, L =35f"-87 f”
ATLAS + CDF + CMS + DO Preliminary
COF Ri g
COF Runll. e R 17285+ 1.12p 52+ 040+ 0.88
COF Runil, d-epton 170.28 + 369 1.05 3.43)
COF Runil all jets W —— 17247 +201(1.43 1 005+ 1.04)
M_:.m Bt Motmgeg-at  173.93+ 185126+ 1.05+0.88
SRR e Pttt 174,94 + 150 (0834 0.47 £ 1.18
00 Rul, dideplon - 174.00 £ 2.79 2.38 38
AR 2 s — . — 17231+ 1550230724135
ATLAS 2011, dHepton _— 173.09+ 16384 50)
N AT e —re— 173.49 = 1.06 (027 £ 0.33 £ 0.07
GMS 2011, diepton g 17250 + 1.52p4a 48)
it —— = 17349 + 141080 £1.23
World comb. 2014 1,/ w0 —rgem 17334 £ 076 027 £ 0.24 2 067)
. . | totgl (stat syst.
165 170 175 180 185
arXiv:1403.4427 m,, [GeV]



Conclusions

> el Datfa
o "% & do(tt)/dp;t POWHEG + PYTHIA
O F o= v CT10+hdamp= e
) ) ) o ] E oL == ¢  CT10+hdamp=m,_
Single and diboson production is interesting on so many levels g~ ¢ e 5 HERAPDF + hdamp=m
= = Fibiney op
= Probes of % 'E
= pPQCD, PDFs, consistency of the SM m-é—ArLﬂsrPreﬁminaw e e
F 203, is=8TeV
» my, |y, dependence of Z/y" production, W charge g o
0 155 v P voo®s 4
asymmetry, m,, 5 BeRota e 0 12
= Underlying foundation of many new physics searches = " ATLAS-CONF-2014-057
300 400 "BOO 600 700 800 900 1000 1100 71200

= e.g. critical to better understand backgrounds and
PDFs for LHC at higher energy/luminosity

<1000

= Sensitive venues for new physics: aT/QGCs 3
o 800
Top quark physics g 600
= Tevatron and LHC: top factories ® A00
= Top mass known to better than 1GeV 200

= Moving into realm of precision measurements of
top (differential) properties, not limited by statistics

= Precision top physics will be taken to a new level at future
colliders!

top quark P, [GeV]

Illlllllllllllllll_dl

ANIC 2014 &

}
|
' [500 Gev

—_—————
ft fully-hadronic
4 simulated data
—fit with final pdf
Bnon tf background

ICFA 2014 - Beijing, China - Oct 2014 — Manuella G. Vincter (Carleton University, Canada)

200 250
top mass [GeV]
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%’\l"\i Phys. Lett. B720 (2013) 32
Z cross section vs. ¢,* p,?
1 1
p
= A better variable to probe low-p; Z: (I)n* st - 7 r

]

¢, = tan(gacop/2) - sin(f})

where ®acop = T — A¢, (¢ between 2
leptons)

and cos(#y) = tanh[(n~™ —17)/2] (q = 10°

between 2 leptons) 8

= Probes same physics as Z p; but with better N‘;‘,__
precision

pTZz mZ (I)n*

= Depends uniquely on direction of lepton
tracks (which is better measured than their
momenta)

= Significant improvement in the
understanding of electron track parameters

in 2011/2012 really helped this analysis! 1 i i
10 10" 1

o
31
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2y — et

\Ns=7TeV
I’ < 2.4
pﬁ > 20 GeV i

66 GeV<mM <116 GeV 10-4




pr dependence of Z/y” production

Near Z pole my,== 90GeV within a mass window of ~+25GeV

do/dp;%, d2c/dp;%4d]y,l

Low p;%: region of ISR
and intrinsic k; of
partons

modeled through soft-
gluon resummation or
parton showers (PS)

= e.9. ResBos
(NLO,NNLO)+NNLL

ﬁG@fﬁ

dN/dp

Data/Simulation

10°e T

LY

T
10’ % ATLAS (s=7 Tev;j Ldt=4.7 fo”

-+-Data
[]Z—ee
Bzt —=
Clwwiwz/zz -
M E
BwW-ev
[[IMultijet 7

* . .-
1 ﬂ*.h—.*.ﬂw’

arXiv:1406.3660

|

1 10

10°

pZ [GeV]

High p;%: region
dominated by radiation
of high p;
gluons/quarks
Sensitive to gluon PDF

Modeled with fixed-
order calculations like
FEWZ @NLO,NNLO &
DYNNLO (with
NLO,NNLO EW corrs)
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arXiv:1406.3660
Phys. Lett. B720 (2013) 32

ATLAS 7TeV: (1/c"Y) do"/dp;¥, inclusively in y, (ee and up)

= FEWZ,DYNNLO (top), ResBos (bot)

Parton-shower tunes: determine sensitivity of do/dp;% to PS

models

= Include measurement of ¢, *, highly correlated to p;* but

A tool for tuning: p#

depends on direction of tracks (better measured than

momenta)
Z *
pT ~ mZ (I)‘r]

= e.g. compare POWHEG+PYTHIAS
new tune AZNLO with base tune 4C
= Primordial k; and ISR cut-off
have been tuned

= Consistent tune with p;“and ¢,* in agreement within 2%

with data for p;#<50GeV

Prediction/Data

T T
| — Data uncertainty
1 f —— POWHEG+PYTHIAB 4C
[ POWHEG+PYTHIAS AZNLO

;
osf

0.8 Ez?TeV;det:zi.?m"
C 1 1 [ |

1 10

e
P2 [GeV]

Prediction / Data

Prediction / Data

14—y

B Data uncertainty
s #FEWZ (=M} (PDF + scale unc)

1'3:_ (¥l FEWZ (1=M_) (PDF unc)

I ] DYNNLO{p=E_Zr}
1.2 ot D‘{NNLO{u=E_Z[}+ NLO EW
1.1 W

E ]
09F ATLAS )

o .E=?Tev;JLdt=4.?ro" ‘ a
0.3- ool Lol it Ly

1 10 107

pZ [GeV]

14r T

Ty T
[ ATLAS (s-7 Te‘u";J Lat=47%"
1.3 = Data uncertainty

= ResBos-GNW (PDF + sca. unc.)

[ ResBos-GNW (FDF unc )NNLO+NNLL
1-2:_ = ResBos-BLNY

NLO +NNLL

| — Data uncertainty
| —— POWHEG+PYTHIAB 4C
3 POWHEG+PYTHIAS AZNLO

Prediction/Data

[ B=7Tev: r[ Ldt=47 "
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Ratio

ATLAS: JHEPOS5 (2014) 068 J-'AfLAS' 0 = 186evi x=002
1 1 CMS: arXiv:1312.6283 Ldt=4.6fb
PDF extraction in the o
We-jet/WD™ I . cro
HERAFITTER framework . « woTwaces
] ¥ NNPDF2.3
—— o HERAPDF1.5
. . . . HERA1.5 + ATLAS Data
Use HERA inclusive DIS data with LHC W data to better constrain  —gse:ommaozi PR 0 ATASePlEEE
PDFs, in particular valence and strange | e Trecrse I .‘52. f”'?p.ofz;:‘."".' .

ATLAS: HERA + [W+charm] =05 (s+5)d
= Repeat HERAPDF1.5 fit making fs =5/(d +3) ~free while ‘
constraining other params to HERAPDF1.5 fit results
= 7r,=05(s+7)/d ~1 at starting scale Q?=1.9GeV?
CMS: HERA + A(n) + [W+charm] 0.

0.5 (s+35)/d
a

ATLAS Q%= ms,
HERAPDF1.5 + ATLAS Wec-jetWD™ data

[ ATLAS-epWZi2

ESEEEEE HERAPDF1.5

g =
o -
N )

= Adding A(n) improves valence precision, changes shape o -
= Free-s fit where dbar and sbar parameterised separately o = Dj‘r"fsf ,@’ﬂ o~
= Ry =(s+35)/(u+d), just below 1 m’a " L
Within framework, ATLAS&CMS strange fraction definition similar '* 3 HERA'””””””"?EE"

at starting scale... Rg & r, can be directly compared: ~consistent

- I exp. unc.
CMS NLO 13 parameter fit CMS NLO 13 parameter fit 2 [0 model unc.
a’=m2 < | Q*=mZ F [ parametrization unc.
x 06~ M HERAIDIS +CMS A, x "3 [ [ HERAIDIS + CMS A, 1 -
- HERA 1 DIS L HERA I DIS
I - ~ — o
[T 4
+
=
i
o,
& 0.5
o 7 — . 3
n 'Ra(I,Q):(S-I—S:}fJ(H—Fd
o
o 0 | ol 1 il vl L1
3 3 =z E|
== [HERAIDIS + CMS A} / (HERA 1 DIS) 10 10 10 10 1
L nnl Ll Pl L X
107 107 1072 10" 34
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