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- Studies of Vector boson production play _ =~ mar2014. . _ CMS Preliminary
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« Jet prin TeV range. e q e

q 1%
 V+jets cross sections span 5 orders of
magnitude. -
« Will summarize a selection of recent W+ Z/v
results.
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Introduction

Recent advances in
predictions:
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+ Overall good agreement with predictions; see a few known features

of predictions

+ Unfolded results used to tune Pythia8 and Powheg+Pythia8 parton

shower

+ Tuned predictions agree to within 2% in range used for tuning

PyTHIA8 POwWHEG+PYTHIA8 Base tune
Tune Name AZ AZNLO 4C
Primordial k7 [GeV] 1.71 £ 0.03 1.75 £ 0.03 2.0
ISR afR(my) 0.1237 + 0.0002 0.118 (fixed) 0.137
ISR cut-off [GeV] 0.59 & 0.08 1.92 £0.12 2.0
X2,/ dof 45.4/32 46.0/33 -
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CMS

Ratio expected to be constant in limit of
high pr where Z mass term can be
neglected - plateau at high pr

Provides information useful to inform about
possible log contributions in calculations at
higher pr

Analysis performed for pt(Z/y) > 100 GeV
and then four kinematic regimes
considered: ndets > 1, 2, 3, and Hy > 100
GeV

Result compared to LO MadGraph+Pythia6
prediction

Observe ~20% normalization difference in
ratio. Higher-order corrections expected to
be smaller than experimental uncertainties
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Drell-Yan Ars
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. 0.8b o Data(Z— u'w’)
. & e Data(Z— e'e)
Collins-Soper frame used to reduce effects of pr of 0.65- B POWHEG i %
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d 04— Oy %
Weak-EM interference — Expect: 0o -l
= L
* AFB < 0 below Z pole oF- %
LA
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-0.4—
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Z Angular Coefficients

d?c
d cos 0*d¢*

o [(1 + cos?60*) + AO%(l —3cos? 0*) + A; sin(26*) cos ¢* + AZ% sin? 6* cos(2¢*)

+ A3 sin 8* cos ¢* + Ay cos 6% + As sin® 6* sin(2¢*) + Agsin(20*) sin ¢* + A7 sin 8* sin 4;*] .

* First measurement at LHC

+ Play important role in future
measurements of W mass and weak
mixing angle

« Ai(gT) are related to Z polarization, V-A
structure of fermion-boson couplings,
and electroweak parity violation

+ Template fits for Ao-A4 performed in
Collins-Soper frame

+ Performed as a function of boson
transverse momentum qr and rapidity y

* Ao(gt) and A2(gr) larger than in ppbar
collisions due to qg process at LHC

+ Results compared to a variety of
calculations and used to improve
predictions

CERN-PH-EP-2015-046
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CMS,

W Asymmetry

A(n) =

(W = pfv) — $E(W™ = 7)

g—Z(W+ — utv) + g‘—;;(w— — u~7)

W+ produced more than W~ in pp collisions

Sensitive to both valence and sea quark

Parton Distribution Functions

Measured as a function of ny

Asymmetry corrected for different

efficiencies for y* and -

Result used along with HERA data to

improve valence quark PDFs

CMS-PAS-SMP-14-022

CMS preliminary, L=18.8fb" at s =8 TeV
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10'°= ATLAS ® Data, \s=7TeV, 4.6 fb™

@ATLAS
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0 Pred sys®stat ==
I Other

108 CJZ-pu
107 [ Multijets
I ........... W— v (SHERPA)

108
10°
10*
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- Useful to validate pQCD calculations over large e
kinematic range VR

15F 1 f

1

- Dominant background for many SM
measurements and Exotica searches

Pred / Data

0.5E

- Unfolded to particle level up to 7 jets o
812k
- Differential distributions studied for approximately 3
4 0.8
40 observables os 4TS _
14 — HEJ /’j
- Data are compared with variety of NLO predictions §1-21.— S /%Z
- Signal and Background modeled with MC, except  “oef, /%
for data-driven ttbar and multijet estimates ﬁj;; TaeER f
D Ve
- Electron and Muon channels show agreement and  fosf- /////
. 0.6, . \ l ,
are combined B S ——— 5
8.0 20, //
31'21 W1/ //////////}’5’// / o
Eur. Phys. J. C (2015) 75:82 T ool Suweseno ///

CMS 7 TeV: Phys. Lett. B 741 (2015) 12 wosomomosem =T 0
jets
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W+dJets

+ Large statistics sample - e A

1.4 |- = BH+S BH+S Excl. S % I
allows thOI’OUgh o “E +S X BH+S Excl. Sum 0 o 1.4 = = BLACKHAT+SHERPA
loration of man S e , /// Sl ‘ /
E)I(Pt .b t. y §081 —,;.r;"f.'_v'«;v"l. , / 4«'7 %/// / ,{//,,/,,/,/// g081 7‘ Ly g ”/’//,// / /////// ////
. //'/ . [
istributions oo | aras s % [aTLas é/‘
+ Jet pr explored to 1 TeV g 14 == LoopSim % / o 1.4 — HEJ ,
. . S12f S12k >

« Various predictions show ) ) - / // S '\ _
better agreement in £o8 TR _ % Losf “‘—~—-~—~—_.$ | ///
different kinematic PR 0eE
Observables % :.4 — — ALPGEN ) % % % 1.4 — — ALPGEN ) //

2 / 1.2 —

+ Valuable comparison N ~ // % g % Gy /,,,
between data and *ooE // *oeE A
predictions for Monte g 14| — sHeRPA g14f — sHERPA Y
Carlo developers 8r2f ittt ////%% 2l // 4 /

; 1§ / //;;7 Z ’/‘:/{/////?,":zt "zt, I,/’/// 7 3 1 /1//////// Rk sy :Z/////o”” ¥

. i 8osl W87 ] ¢ g
Level of agreement varies  fosf s mepeb#Y T S /// T08F . vEPsENLO 1
somewhat across 06 I i) NN I S T I T
Observables and 100 200 300 400 500 600 700 800 900 1000 0 1 2 3 4 5 6

p. (leading jet) [GeV] AV

predictions
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Z+)ets

Useful to validate pQCD

calculations over large kinematic

range

Background for many SM
measurements and Exotica
searches

Full 8 TeV 20/fb dataset allows
comparison over 20+
observables

Predictions from MadGraph
+Pythia normalized to NNLO
from FEWZ and
Sherpa2+Blackhat for 1-loop
corrections

Unfolded differential
distributions in inclusive and
exclusive jet multiplicities, pr,
Hr, eta, for ndets up to 5

CMS-PAS-SMP-13-007

ATLAS 7 TeV: JHEP07(2013)032

Sherpa2/Data

MadGraph/Data

CMS Preliminary
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- T T
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L — .
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. === ]
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E Z/y*— Il channel E
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F [ Stat. unc. (gen)

=1 =2 >3
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Q
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-
Q
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Qe
A

1.5

0.5

1.5

—_

0.5
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19.6 fb™' (8 TeV)
T

% Data

—4— Sherpa2 (<2j@NLO 3,4j@LO + PS)

—$— Madgraph + Pythia6 (<4j@LO + PS)

. ] ]
e E
i —— i
= anti-k; (R =0.5) Jets .7 2
E P >30GeV, <24 E
- Z/y*— Il channel .
NIRRT BTN B E M B L

B ” 7 Y >z
Y hasalle o 2% %
;_ [ Stat. unc. (gen) _;
DI 4

% AL %4 Z:
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p.(,) [GeV]
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. Z+jets Double-differential o

cmMs 1P reliminary ° 0.0<lyl<0.5 (x 10%)
19.6 fb™' (8 TeV) B 05<lyl<1.0(x 10%
. . . . . : : A 1.0<lyl<1.5 (x 10%)
% v 1.5<lyl<2.0 (x 10%)
3 107 o 2.0<lyl<2.5 (x 10%)
S [m] 2.5<lyl<3.2 (x 10)
o 108 A 3.2<lyl<4.7 (x 10°)
= MadGraph Z+ < 4] @LO
d 2 (T 1 N i 10° Sherpa Z +1,2] @NLO, < 4j@LO
P ©
djdj £X€X2XA‘j|><Aj g - e,
p T Y Y P T R - - &
B T ]
'S 102 s =
10 2 3 B =4

Muon channel unfolded double- 1 S
differential distribution in prand y to 4.7 11(‘)’ %
Overall good agreement of MC ‘A_\Zigj_éi
predictions with data

- Discrepancies (10%) of MadGraph with oM Proiminary , oinaiete, e
. 19.6 fb™ (8 TeV) [ ] madGraph z+ < gj @LO
measurement at higher pr (> 100 GeV) g 1o [ Shemazo1.2 @NLo,<aj@L0
. . g B 7 /) Total experimental unc
* Overall agreement with Sherpa exceptin  § [ 0ody<0s - ,, R
a few pr and y ranges i :
- Discrepancy seen in 14 TeV plata (both By ., [ :
CMS and ATLAS) in 1-jet bin from E 207 ) :
100-450 GeV remains N - * % E
CMS-PAS-SMP-14-009 | - :
0.4 L L L L L L L L T 13

100 200 300 400 500
Leading jet P, [GeV]



@AFLAQ > 05— 7 71— :
EXPERIMENT 50450 AmAs - \Wjets :
Wijets/Z+jets (R-jets) £ oo — v,
o 0350 — Muon E
£ 030 — Unouing E
- Systematics significantly reduced in ratio, T 0.25- E
esp. in dominant jet uncertainties, compared 0-2F E
to individual V+jets measurements 0;51
* Precision test of pQCD 0.05} J
% 1 > 3 4

 Generic sensitivity to New Physics coupling !
toWorZ Y| (leading jet)

- ' I ' [ ' [ ! [ b
0450 ATLAS W-jets/Z+jets 3
E (W= wEZ(— w'w) + =2 1jet
[ Statistical Uncertainty
Total Systematic Uncertainty
Jets
n Muon —]
- —— MET
Unfolding

o
o

- Updated result using 5/fb allows
measurement of many kinematic
distributions including pr, St, Hr, y, AR, AO,
ma12, for ndets = 0-3.

o
T

O_ .
w
||||| TT

Relative Uncertainty
o
W
T

0.25 E

- Signal and Background modeled with MC, 0.0k E
except for data-driven ttbar and multijet 0.150 E
estimates : :

* Electron and Muon channels show
agreement and are combined

Eur. Phys. J. C (2014) 74: 3168 Iyl (leading jet)
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EXPERIMENT

W+jets/Z+jets (R-jets)

"\%187 T T T T T ] 2 o B L B B B B L R o 2F L L B L B B
: [ ATLAS (W(= W)(Z(= I'T)) + jets ] s F ATLAS (W= MY(Z(=TT) +=1jet ] 19'_ - ATLAS (W(= W)(Z(=TT)) + = 3 jet
& o[ antikets, R=0.4, - Data, {57 TeV, 461" ] 2 18 antik jets, R=0.4, &~ Data, (s=7 TeV, 4.6 {o™- ‘@1'85ant|k11ets R=0.4,  Z#Z Data, (s=7 TeV, 4.6 ft'
L pJ >30 GeV, |})| < 4.4 —v— BLACKHAT+SHERPA ie) 16l p >30 GeV, |))| <4.4 —v— BLACKHAT+SHERPA| - -8N 16 p >30 GeV, |))| < 4.4 —v— BLACKHAT+SHERPA
g O —a— ALPGEN+HERWIG ] _E r —a— ALPGEN+HERWIG . = r —a— ALPGEN+HERWIG
CARE —+— SHERPA - B 14 —+— SHERPA = B4 —+— SHERPA /
B ] Por - = F , g
— — C o}
C i 2_ r % =) &7 ///// /
g . D'_‘W 1 — —~ 1# el _ //////'//// / /
- - [ - N - 7 v 2
10r- ] E - 1 D\: - &7 / // ,,I’III//W ,,,,,,, ,?77,,!4
B i 0.8 . = 0.8
ol R 7 0.6 — 0.6
- /% - A -
- ] ] ] ] ] . 0'4:....|....|....|....|....|....|....|....|..: 0'4:.|...|...|...|...|...|..
% 12— =—— BLACKHAT+SHERPA — % 13- = BLacKHAT+SHERPA — % 13- = BLACKHAT4SHERPA / 7
S “— i) 7 2 e oo I E S e s ) / //2
15 AN 5555555 = == D SOOI 5. 28 B SO, i 15— nrllll'”,.y_ e DAY /I//AIJ/
9 osf Z 2 Q o9 Q 0B N e /////// ///
Z 08— — Z 08 > o8 /////
8 12— —— ALPGEN — 8 13— —— ALPGEN & 13— —— ALPGEN /////
© C N © 12— © 12 4
o 1:;I—p - Y 2 /74 o 1.1; +_._.—-77 [a)] 1_1; L // / /////////// // //// /
= - TIIIIIIIII0077, N = D ] ~ “" s 4 __ _______ II_J'II
08— — 08— — 08 // ///
% 1.2 :— — SHERPA e —: % 12 :: —— SHERPA :: *g 12 :: _ SHERPA ///////
a 11— —— A o) e _ (= e /
< 1 e :;:/:/”;/// 7 = 1'} ik T sssasssass stk s e =z 1-] AN ) // A, % ‘ /
O o9l TI0077 O o9k (e St (2% %) 0.9:5/// ///4///////'% /// // //
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All observables studied both exclusively and inclusively to ndets=3

Many distributions studied; overall predictions show good agreement with data
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EXPERIMENT

Z+b(b)

Z+b probes b-quark content of

= 4 . ; '"'x""x"'.'x""x""x""x'
proton e::.i a5t ATLAS  Z+=1b-jet ; arM CZ% :92,045(; ;,bs‘ %s 10 ?A%go Ge%/+21 b-jet s
. Zi s 1 ~ aMCGNLO 4FNS -9"% - Dat TV, 4.6 b 2w
- Z+bb background for Higgs =, \\\\““ N\ s S J =ifiome 722
associated production and BSM 3|2 %% glg s _— E
searches " sy ”» 5z i 5
107 I =
+ Jets are tagged with Neural Net b-  rarararat 1 1 1 1 E
tagging using jet kinematics and 2% DE
. . . o|s ols | Z —]
impact parameter information It 2 P
+ Differential cross sections in 12 g 12f T T g 12k
observables compared to NLO HEY A ’i++* """" i s s == - Y G S s S e
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JHEP10(2014)141 04 02040608 1 121.41.61.8 2 2224 0% ~05 1 15 2 25 3
. . b-jet lyl Ad(Z,b)
- |terative Bayesian (1-tag) and
fiducial/efficiency (2-tag) unfolding
, o(Zb)[]  0(Zb) X Nyjer [Ib] 0*(Zb) X Npjes[fb]  o(Zbb)[b]
to partlcle—level Data 4820+ 607550 5390+ 60+480 4540+ 55+330 520420775
MCFM®MSTW2008 5230 +£ 30751 54604407730 43314+3075% 410+ 10789
. i _ : 5FNS  MCFM®CT10 4850 301550 5070 307510 4030 £30730 386573
Fixed Orde_r MCFM d |scr§pant at MCFM®NNPDF23 5420 + 20t§?§ 5660 + 30t§?11§ 4490 + 30t§§§ 420 + 101?58
A® =1t. Likely because it includes aMC@NLO 4FNS®MSTW2008 3300 £2073% 3910 207960 3290+ 207580 4854+ 780
at most 2 out g oin g partons in . aMC@NLO 5SFNS®MSTW2008 4680 + 407230 5010 4 40+339 4220 + 40199 314+ 9739
SHERPA®CT10 3770 + 10 4210 + 10 3640 + 10 422 42
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Conclusions

Vector Boson production is one of the most important benchmark channels at
the LHC.

Background for Higgs and many other measurements and searches —
important to model well.

Most measurements show good agreement over many observables; a few
show some tension in some corners of phase space.

Many precise measurements enable checks of predictions against many
observables - should help improve predictions.

Looking forward to studying V+jets in new energy regime at 13 TeV.
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Particle-Level Final State Kinematics:
Born, Bare, Dressed, Unfolded

- Born: Lepton Kinematics before FSR
- Bare: After FSR
* Dressed: Bare + Photons within cone of AR < 0.1

- Unfolding: Correcting data for detector resolution, QED FSR, fiducial
acceptance back to Born-level in order to facilitate comparison with
predictions
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ATLAS

EXPERIMENT

W/Z as merged jets

Proof of principle that boosted hadronic
decays of W/Z can be reconstructed
with jet substructure algorithms

High-pT broad (anti-kt R=0.6) jets
analyzed with Likelihood discriminant

from jet-shape variables

Jet mass used as discriminant

Cross section in agreement within 20
with NLO MCFM prediction:

This measurement;:

owiz = 8.5+ 0.8 (stat.) &= 1.5 (syst.) pb

MCFM:

Ow4iz 5.1 £ O5pb
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