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(® W/Z+|ets Production at the LHC
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W/Z+jets and Multiboson

Standard Model Production Cross Section Measurements

Status: March 2014

Standard Model Measurements at ATLAS
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Standard Model Measurements at CMS

W/Z+jets and Multiboson o
Feb 2014 CMS Preliminary

2 7 TeV CMS measurement (L < 5.0 o)

¢ 8 TeV CMS measurement (L < 19.6 fo™)
—7 TeV Theory prediction

10°

—8 TeV Theory prediction
Z CMS 95%CL limit
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W+Jets Differential Cross Sections at the LHC
® CMS (5 fb' : 7 TeV)
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ATLAS (36 pb!' : 7 TeV)

Comparison with SHERPAI.3 (+
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% W+|ets Differential Cross
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(anti-)strange PDF

(® Two measurement strategies

Reconstruct exclusive
charm decays
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ATLAS :W+D/D*/Charm-jet Production

(® Exploit W™ to probe the

I I L LI UL LRI I I
2500~ ,ATLAS SS WD* -
- | Ldt=4.6 fb™ D*— D%—> (K ]

[ J Vs =7Tev .
2000 ls=7Te New e Data E
: W+c ]
1500+ B W.coibb
- arXiv:1402.6263 Wilight 1

- B Multijet
1000 B Top &
B * B Others ]

500 :_ i’ oo tet 00 *oeoeny
o At : : : : : : 3

135 140 145 150 155 160 165 170 175
A m = m(D*)-m(D°% [MeV]

W + cc/bb subtracted using same-sign
control region, exploiting flavor symmetry.
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Simulation agrees well with charm/anti-charm correlations in data.
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CMS :W+D/D*/Charm-jet Production
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Constraints on the Strange Quark PDF
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= Allow strange PDF shape and normalization
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(® Similar CMS and ATLAS measurements
using different methodologies!

RS

ol

® Small tension over strange-suppression F : : : X ’
urther discussion in Mark Sutton’s
between ATLAS & CMS results

9 Lindsey Gray, FNAL  tallk, afternoon session!
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Z+]ets Differential Cross Sections at the LHC
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Z+]ets Differential Cross Sections at the LHC

(® Discrepancies in basic jet (® Tension with data is less marked in
distributions observed in CMS ATLAS result due to higher order

result when comparing SHERPA2  calculation in SHERPA+BIacI<Hat
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Z+b(b) Production at CMS

(® Measure Z+b(b) production exploiting

> _I L 1T T 1 1T T 1 | 1T T 1 | 1T T 1 | I I_
® cMS ]
O 300 4 ]
- \s=7TeV,L=5.0fb" -
secondary vertex ID 3 ST :
; 250__ —¢— Data ]
o . S B 24 5
® Employ discriminant using secondary & 2001 [ z+c ]
vertex decay length - o z+ :
] zz :
150 ) -
B % E tt ]
= Residual lighter flavor contribution J00k 777 JES + btag + stat.
determined using template fit -4 L iV 1402150 ]
50 | ]
. B 7 L‘ﬁ ]
® 2 b-jet final state recently added : | e e :
% 100 200 300 400 500
= Good agreement seen with MC prediction My, (GEV)
S
.. : S
@ Significant improvement of agreement 3

with MC in the 5 active flavor scenario

Cross section Measured MADGRAPH aMC@NLO MCFM MADGRAPH aMC@NLO
(5F) (5F) (parton level) (4F) (4F)
o711 (pb) 3.5240.02+020 | 3.66+022  3.707552 3.03153¢ 3.1110%] 2.361037
0725 (pb) 0.36 £0.01£0.07 | 037+£0.07 0297003 0.291007 0.381595 0.351008
0z+b (pb) 3.884+0.02+022 | 4.03+£024 399755 3.23755 3.497027 2.711527
0z+b/7+ (%) | 5.15+£0.03+£025 | 535+0.11 538753 4751022 463057 3.657H 72
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® > 50 observation based on 8 TeV data B 2 - : *
- , e e Tas
W= + + e

® Also limits on anomalous gauge " ) q y ‘

couplings q / ' v q q

> 4"|'"w"'w"'w'"w"'w"" > ;._l""w"w"'w"'w'"w"":

. & 10 = det=2gsz?>§ E & 104;— New’ det=2?)sz?>§ -

(® Use SHERPA used to create signal g = Jemew g T T esTev

Ny sl . i = sl e search region ]

and background templates 2 ~  arXiv:1401.7610 1 £ - =_ :

= 7 10%E - .= =

107 —— E =S :

® Bkg.template shape scaled and SN, ] 10 4 sasors T, + E

. . . 10 ackgroun = l ackgroun - }
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® Measurement performed in 4 fiducial | S L T

R o unconstrained - _|——|—_tE
regions 0 500 1000 1500 2000 2500 3000 3500

m; [GeV]

Fiducial Cross Section:
opw = 54.7 + 4.6 (stat) T, (syst) £ 1.5 (lumi) fb.

® |eading systematics from jet energy

scale, control region statistics, lepton
corrections to particle level Cross Section Prediction (POWHEG):

46.1+0.2 (stat) T3 (scale) & 0.8 (PDF) 4 0.5 (model) fb

Good t with SM : - illci ’
® Good agreement wi Further discussion in Andy Pilkington’s

K Lindsey Gray, FNAL talk, later this session!
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CMS : Electroweak Zjj Production

(® Employ two methods and combine results to

measure cross section 0 (EWK £4jj) = 226 =& 26t = 35syst b.

® BDT analysis, g channel only NLO Prediction : 239 fb

® Data-driven template for QCD from y+2 jets
CMS preliminary, \s=8 TeV, [L=19.7 fb™ uu events , CMS preliminary, \s=8 TeV, [ L=19.7 fb” ee/uu events, M >750 GeV
"UE) 105 _ | ) | ) | _ -SL) 10 ; T T T T | T Tol T 5206 T T T T E
S10E Mewkzj [Jacpzj MTop M vv e Data 3 s tEw B fop .
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LLJ 10t FSQ-12-035 _: 1l - o data ]
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0.4 -0.2 0 02 _ 04 s 1 > 3
Boosted decision tree discriminator Fisher discriminant
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D s 3 1.2 ; _____
= = -
2 . g e +H o
g S,———————m—— I Data—EWK Zjj ] 5 08l -
o 095 04 03 02 ©01 0 01 02 03 04 o Ty E—
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C

WLZ and ZZ using Z~> bb Decays

@ Spin-off of CMS H>bb analysis See Caterina Vernieri’s talk
in YSF4 for further details!

® Scalar boson considered as background e Corresponding category based analysis
using similar event selection

® BDT analysis based on classification in

V pr, events sorted by expected S/B 43 G observation
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7] 5 pp = VZ;Z — bb [ ] Background — 800 pp = VZ;Z — bb [ VH (125 GeV) _ _

o 107 = | - E - - Z +bb [ Single top =

= = New! —— VZ(bb) S @ = = =+ — VH(125GeV) -

I B 0008 - 2 700 CJZ+b 4 —]

LICJ 1 04 = === Total uncert = _E, - [ Z+udscg VZ(bb) ]

= 3 W 500 - [ W +bb <22 MC uncert. (stat.)

3 E - arXiv:1403.3047 ]

— — 500 — _*7 ]

: - 400F- P % E

3 = 300/ B =

= = 200 —

= 05T - ]

= 3 100— —

B e A - - :

- ? 25 (c) E 1 Q — x*dof =0.44 Stat. uncert. on Tot. MC E

85 1 oot eergre s 1
=05 BogE
-4 -3.5 -3 -2.5 -2 -1.5 -1 -9.5(8/8()) 0.6F

0og : 0 50 100 150 200 250
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L/Z>212v Cross Section Measurement

CMS Preliminary 2012, [L=19.6 fo!, Vs=8 TeV
T T T | T T T T T T T

300

Measure production cross section

. § :_ ZZ — 2|12v _:
using a template fit Z sl New! g . -
B Z — 2| (data) i
® Use “Reduced” MET 200:_ top, WW, Wiiets (data) —
_ . 150 . S(::E-I2-OI6 -
= Use minimum MET requiring that energy - -
be jet-clustered or not 100~ ; Shaded band is =
E systematic uncertainty. E
501~ ~
® Better rejection of Drell-Yan compared .
to raw MET o — — e —
=R e o i S |
" : : R B B B B D SN T

@Updated ATGC Limits (in later slide)g °~s 100 200 300 400 1000
Reduced MET [GeV]

| 0 o [tb
Channel 7 TeV theory O 249+§L gof) fb | E]BTeV theory O 305+§ (5)40 b
ee 2841501 (stat) T7> (syst) =10 (lumi) 224732 (stat) *7} (syst) &9 (lumi)
Uy 13519 (stat) 725 (syst) &5 (lumi) 30515 (stat) 22 (syst) 4= 13 (lumi)

Combined 192727 (stat) T35 (syst) &7 (lumi) 261737 (stat) T2} (syst) & 11 (lumi)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12016
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12016

Anomalous Gauge Coupling Searches

(® Search for effects of higher order
operators involving SM fields

® Dimension 6

= Effects of new particles in loops

® Dimension 8

- Skipping dim. 6 operators motivated by ~ Example ATGC effect in ZZ:

massive propagator in 4 boson vertex > [ —+Daa  aTLas i

O 55 E0zz-Ivy ]

: o [ L_]Background f Ldt=46f" 1

(® Operators generate new couplings ¢ BB L noenany E

e 2r _.f =f5=0.1 Vs=7 TeV ]

that become strong as the boson wr Syt

M 15__ ]

momenta increase : |HEPO3(20 1 3)128 :

Ly ' ]

(® Substantial improvement in limits from 055_ -------------------------------------------------- >

. . U | ]

increasing center of mass energy e .
%50 100 150 200 250 300 350 '406 450

ps pZ [GeV]
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http://link.springer.com/article/10.1007%252FJHEP03%25282013%2529128
http://link.springer.com/article/10.1007%252FJHEP03%25282013%2529128
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Anomalous Triple Gauge Coupling Searches

(® Neutral anomalous triple
gauge coupling limits
updated

e CMS 212v data

® |mprovement in limits due
to higher branching fraction

(® Further exploitation of
data can be achieved
through combination of
channels

® Already done in Zy
channels for vvy + lly

Feb 2013
T

I l I | | I

— 1 1 I T T 1 T T 11T
ATLAS Limits —

CMS Limits —
CDF Limit —
n E— Zy -0.015-0.016 4.6 fb™
3 H Zy -0.003 - 0.003 5.0 fb™
— Zy -0.022 - 0.020 5.1 fb™
HZ b Zy -0.013-0.014 4.6 fb™
3 H Zy -0.003 - 0.003 5.0 fb™
—_— Zy -0.020 - 0.021 5.1 fb™’
H'%100 b Zy -0.009 - 0.009 4.6 fb™
4 H Zy -0.001 - 0.001 5.0 fb™
%100 — Zy -0.009 - 0.009 4.6 fb™
4 X H Zy -0.001 - 0.001 5.0 fb-!
1 [ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-0.5 0 0.5 1 1.5  x10"
aTGC Limits @95% C.L.
Nov 2013
| | [ I I 1 I I | | | I | | I I I | | L I I | | |
ATLAS Limits —
CMS Prel. Limits —
£ — zz -0.015-0.015 4.6 fb™
4 — 77 -0.004 - 0.004 19.6 fb™'
— ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb™
£ — V74 -0.013-0.013 46 fb™
4 — 77 -0.004 - 0.004 19.6 fb™
— ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb™’
£ — z2Z -0.016 - 0.015 4.6 fb"
5 — zZZ -0.005 - 0.005 19.6 fb™'
— ZZ(212v) -0.004 - 0.004 5.1, 19.6 fb™’
2 — zZZ -0.013-0.013 4.6 fb™
5 — z2Z -0.005 - 0.005 19.6 fb™
— ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb™
1 [ 1 l 1 1 | 1 1 I 1 1 1 1 I L l 1 1 | 1 1 1 1
-0.5 0 0.5 1 1.5 x10™
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(® Charged anomalous triple gauge
coupling limits

® |HC uniformly approaching LEP
sensitivity

= Surpassing LEP in some cases!

(® Advances made exploiting new
final states

® Merged-jet topologies in
WY, V> dijet

(® Many 8 TeV analyses still to come

® Significant improvements in
sensitivity per channel expected

Anomalous Triple Gauge Coupling Searches

Feb 2013

| I l I | | I | | | | I | | I I I | | |

ATLAS Limits!| = —

DO Combination -0.034 - 0.084 8.6 fb™
ILEP Combinati]on -0.054-0.?21 0.7 fb’

CMS Limits —
DO Limit oA
LEP Limit =
A : | Wy -0.410 - 0.460 4.6 fb™"
K | W -0.380 - 0.290 -1
| | Y : . 5.0fb
I WW -0.210 - 0.220 4.9 fb™
L WV -0.110- 0.140 5.0 fb™
—— DO Combination  -0.158 - 0.255 8.6 fb™"
e LEP Combination -0.099 - 0.066 0.7 fb"
A — Wy -0.065 - 0.061 4.6 fb™
Y — Wy -0.050 - 0.037 5.0 fb™
— WW -0.048 - 0.048 4.9 fb™
— WV -0.038 - 0.030 5.0 fb™"
HH DO Combination  -0.036 - 0.044 8.6 fb™
[ u: ILEP Combinatilon -0.059-0.?17 0.7 fb™
-0.5 0.5 1 1.5
aTGC Limits @95% C.L.
Feb 2013
I I [ I 1 1 I 1 | I I I I I I I I A1LLAé Lll’%’\ltsl 1 I I_Ii I
CMS Limits —
DO Limit o
LEP Limit -
Ak — WW -0.043-0.043 4.6 fb™
yi — Y -0.043-0.033 5.0fb™
e LEP Combination -0.074 - 0.051 0.7 fb’
A — WW -0.062 - 0.059 4.6 b
Z — WWwW -0.048 - 0.048 4.9 fb™
— Wz -0.046 - 0.047 4.6 b
] WV -0.038 - 0.030 5.0 b’
ey DO Combination  -0.036 - 0.044 8.6 fb™
2 LEP Combination -0.059 - 0.017 0.7 fb’
Agz — WW -0.039-0.052 46fb"
1 — WW -0.095 - 0.095 4.9 fb™’
— WZ -0.057 - 0.093 4.6 b
o
T
0

05 i 15
aTGC Limits @95% C.L.
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(® Exploit unique final states to
access pure quartic
contributions

® Exclusive WWV production

¢ WWY and W.Zy, with one
massive boson decay into jets

(® New measurements in last year

® Probing charged quartic gauge

couplings

- WWyy,WW<Zy

(® Significant improvement over
DO and LEP

LEP L3 limits _— CMS WWy limits S
July 2013 o
ay DO limits CMSyy — WW limits ==
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \'s
WWy [- 15000, 15000] 0.43fb™ 0.20 TeV
vy = WW  [-430,430] 9.70fb" 1.96 TeV
) WWy [-21,20] 19.30fb" 8.0 TeV
al'/A? TeV?
.......... vy — WW [- 4, 4] 5.05fb™ 7.0 TeV
WWy [- 48000, 26000] 0.43fb™ 0.20 TeV
vy — WW [- 1500, 1500] 9.70fb™ 1.96 TeV
WWy [-34,32] 19.30fb" 8.0 TeV
a%/A% Tev?
S A - yyv—=WW  [-15,15] 5.05fb" 7.0 TeV
WWy [-25,24] 19.30fb" 8.0 TeV

fro/A* TeV*

-10°-10*10%102-10 -1 1 10 10% 10° 10* 10°
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Conclusions

(® Standard Model V+Jets measurements from the first
LHC run are improving and testing the limits of our
predictive capabilities

® Matching at NLO and high parton multiplicity generators
being put to the test by both ATLAS and CMS

® New PDF constraints improve predictions and help better
prepare us for the 13 TeV run

® FElectroweak production of jets now well measured and
confirmed by both collaborations

(® Multiboson measurements and limits rapidly improving
in accuracy as 8 TeV data are analyzed

® New diboson channels available

® Statistical power of LHC data now rivals precision of LEP

Lindsey Gray, FNAL




BACKUP
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ATLAS & CMS

3.8 T Solenoid
Track pt resolution ~ 1%
Fully Silicon Tracker
Lead Tungstate ECAL
Brass Sampling HCAL
Extensive Muon System in Return Field

5 B e

e 2 T Solenoid
. B B Y Y Track pt resolution ~ 2.5%
o Silicon Tracker ID +TRT
Liquid Argon ECAL
Steel HCAL with Scintillating Tiles

a TL u s Extensive Muon System in Toroidal Field

@EXPERIMENT
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Further VW+]ets Plots

-
Q.
«

| | T T | T T T | T T T | T g
%J 5 9 W—lv + jets -
(2 10 fl—dt=36 pb © Data 2010,\'s=7 TeV §
_8 10 W vALPGEN E— ';l _I T T T T | T T T | T T
= Tt *57 0 /\ SHERPA = @) ATLAS Simulation
T 1 Tes BLACKHAT-SHERPA_ Q 10 Y Wosly + jets —
S E Wiy j;@*-—@—' ATLAS E 2 - x v ALPGEN :
S 10'E gl xip 0 = — S SN BLACKHAT-SHERPA 1
oF “@*-—g—- ® %T & onl - = © - Modified BLACKHAT-SHERPA -
e ete-o & == L
= W + =3 jets, x10 M 3 B 1 - —
10°%k R ., & S - - -
= p.g= = E - - .
104 W + =4 jets, x10° R = : [ [ ] i
= -
-5
107 '?‘ @:@*g ® gﬁ@ 107 I+| E
10° s anti-k jets, R=0.4 | - - = -
- jet jet - B 5 7
10-7? pJ >30 GeV, Iy |<4.4 - = i
= ! ! ! ! ! ! ! ! ! ! ! ! ! |E 21 | ]
© = = 10 E N =
© 1-90W+21jet — - |3
Q v . i §
E\ VYV ! ! ! ! ! ! ! ! ! !
5 1w o A e o o > b |
2 T AANHIATN R L A7 ('-'; ey 1
— 0.5 A A 9 a o SRS S S '}_ I | ! | ]
c i i = — [ L | ‘ ——0— [ ]
© W +22 jets - %: i ‘ ‘ ‘ ‘ i
S Iy : o 0.5f .
S 2__ A ] Z C ! ! ! u
8 C + ] 200 400 600
= 1:{% . s
= ,X,XZZ X X ,X,A, ik H. [GeV]
200 400 600
H; [GeV]

24 Lindsey Gray, FNAL



Further Z+])ets Plots

Comparison across PDFs

CMS Preliminary “&~ Data CMS Preliminary ~4%~ Data CMS Preliminary ~~4~~ Data
7 TeV —4—9fb1 v 7 TeV _49fb1 SV i 1 TR 77 . .
= o= TTeV L : —| —%— Sherpa2 CT10 = 102 Vs =7 TeV Ly : —| =4— Sherpa2 CT10 —_ Vs=7TeVLy=49%"| __ 4  Sherpa2 (0,1j@NLO <4/@LO +PS)
o ZEH: =4&=— Sherpa2 NNPDF o E—-—H——- =4 Sherpa2 NNPDF '8_ : g== E=—A&— Powheg+Pythia6 (Z+1j@NLO +PS)
= - —#— Sherpa2 MSTW2008 = E ~— Sherpa2 MSTW2008 E’ C —#— MadGraph+Pythia6 (<4j@LO +PS)
% 10 & (S S —= % 10 & e _ % 10 & —e —
© - 3 © = 3 S = 3
- = S 5 N s = 1 - e === 1
1 E 1 = U E
- ] - s : - g ]
10-1 E_ ,,,,,,,,, _E 10-1=_ S e S = 10-1:_ ///////// =
- £ - 2 Soes S = = e ooae 3
~ anttl -k; (R=0.5) Ltlets T = anttl -k; (R=0.5) ;tJets — - anti-k; (R =0.5) Jets .
I~ je jef n = e e 7 ~ jet jet ]
ol P >30GeV|n l<2.4 ) 2| Y >30GthfI<24 o P >30GeVIn <24
10° E~ Zy*— Il channel ey 10™ E= ZJy*— Il channel e 10 E= ZJy*— Il channel ==
- | | | | | | - - | | | | | | - e } } } } } } -
© [- Sherpa2 CT10 - © [C Sherpa2 CT10 - © [— Sherpa2 (0,1j@NLO <4j@LO +PS) -
] 1.5— — = 1.5— — = 1.5— —
Q = Q = II7 Q = /
% 1E 4 /{// Z /,f’% \g- 1B 7% ", 7 2% = 1 PPN 2%777 WY, M
g e g —o— L G E - L e
0.5 :_ Theory unc. (gen) [[7] Statistical unc. (gen) _: 0.5 :_ Theory unc. (gen) [7] Statistical unc. (gen) _: 0.5 :_ Theory unc. (gen) (| Stahshcal unc. (gen)
© - Sherpa2 NNPDF21 ' - © C SherpaZ NNPDF21 I - © C Powheg+Pyth|a6 (Z+1j@NLO +PS) -
® 1.5 — s 15— — s 15— —
a - y Q - ; a - 7
I e e ) 7 Z % I > B 77
2 E S vty 3 F e g [T
T 05 — T 05 T 05E —
E Theory unc. (gen) [ Statistical unc. (gen) - e Theory unc. (gen) [ Statistical unc. (gen) e Theory unc. (gen) [ Statistical unc. (gen) -
© C Sherpa2 MSTW2008nI068c| . © F Sherpa2 MSTW2008nI0680I © c adGraph+Pyth|a6 (<4J@LO +PS) ' I m
@] r y o r @] r y
S ey L - S S 77
8 E ge & —E/ 8 E = & 8 E il X
< o < o < r .
= 0.5 :_ Theory unc. (gen) - Statistical unc. (gen) = 0.5 :_ Theory unc. (gen) - Statistical unc. (gen) = 0.5 :_ [ Statistical unc. (gen) _:
1 2 3 4 5 6 =1 =2 =3 =7 =5 =6 1 2 3 4 5 6
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Further Z+])ets Plots

CMS Preliminary , . Data
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