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SM Cross Section Measurement

Standard Model Production Cross Section Measurements

Status: August 2016
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Anomalous Gauge Couplings

Electroweak theory is non-Abelian.
e Gauge bosons should interact among themselves. .

Effect of new physics at low energy scale can be parametrized by an
effective Lagrangian..

(d)
@
Lop=Lsm+ >, Y = g

dimension d i

Dimension 4 Dimension 6 Dimension 8
WWWW, WWZZ WWZ~, WWn~~ all VVVV
non-linear representation | non-linear representation linear representation
s, as a0/ N2, ac /N fs.i/ A%, fui/ XY, fri /2

Effective Field Theory description:


http://arxiv.org/abs/hep-ph/0606118

W*W%jj Production

® f =38 TeV fL =20.3 fb_l > arXiv:1405.6241
e Electroweak( aEW at LO) VBS:

q/

° Electroweak (ahy at LO non-VBS: ° Strong (a%a2,, at LO


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

W*W%jj Production

First search for W= W=jj production.

Sensitive to new physics via aQGC.

For EW+Strong measurement(Inclusive region):
e Two same charge leptons with pr > 25 GeV and || < 2.5.
o At least 2 jets with pr > 30 GeV and || < 4.5, AR; > 0.3.
o my >20GeV, ARy > 0.3, EMss > 40GeV, m; > 500GeV.
For EW only measurement(VBS region)
e Additional cut Aly;| > 2.4.

Backgrounds:
e Prompt background like WZ/~*(MC).
e Conversion background like W~(MC).
e Non-prompt background like W+jets, tt(Data-driven).



W*W%jj Cross Section
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e Measured and predicted cross section of inclusive production:
ofd = 2.140.5(stat)40.3(syst) fb, ofd = 1.5240.11 fb.

measured ~ predicted ~

e Measured and predicted cross section of EW production(including
interference with strong production):
ofid g = 1.3£0.4(stat)£0.2(syst) fb, ofid . . = 0.95+0.06 fb.

measure predicte



W*W=jj aQGCs

e Measurement in VBS region is used to study the aQGCs from
WWWW vertex.

e The Mt > 400 GeV cut is applied to improve the limits on aQGCs
by 35% comparing to old result(the PRL).
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W=*Z Production

\/E =8 TeV, fL =20.3 !,
VBS phase space

e Lepton |n| < 2.5, pr of 17 > 15GeV
and pr of lyy > 20, |[mz — ngG| < 10
GeV, m%‘/ >30 GeV, pt of two leading
jets > 30 GeV, |n| of two leading jets
< 4.5, at least two jets, m;; > 500
GeV, AR(j,1) > 0.3.

aQGC phase space:

o [AD(W,Z)| >2and Y |pY| >250
GeV required in VBS phase space.

Measured electroweak WZjj production is
0.297912 (stat) 9% (syst) fb.
SM prediction is 0.13+0.01 fb at NLO.
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.092004

W*Z aQGCs

e Constrains are derived on the aQGCs from the WWZZ vertex.
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WVjj Production

e Preliminary results in July 2016.

e Better sensitivity to aQGCs due to large
branch ratio.

e Less sensitivity to SM signal due to large

background.

e V— jj reconstructed as either two jets or one merged jet.
e Resolved selection:

e Four small radius (0.4) jets.
e Merged selection:
e Two small radius (0.4) jets.
e One large radius(1.2) jet, jet substructure consistent with
the two-body decay.

e The resolved region is further categorized by W— 17 and W— 17 v.



WVjj Production

e The transverse mass of WV is used to search for aQGCs.

e Merged region significantly improves the aQGCs sensitivity.
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WVijj aQGCs
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Exclusive yy— W™ W~

Vs=128TeV, [L=20.2f"", "

Goals:

e Search for exclusively produced W boson pairs
in the process pp(yy)—pWTW™p .

P

e Sensitive to new physics via aQGC.
Signal:

e Opposite charged e /1T leptons with pY > 25
GeV and p3 > 20 GeV, my > 20GeV,
pF" > 30GeV, exclusivity selection requires no
extra tracks within 1 mm of primary vertex.

e Additional p3 > 120GeV requirement for
aQGCs study.

Main Backgrounds:
e Inclusive WTW=(~70%).
o vy = 777 (~15%). 12



http://arxiv.org/abs/1607.03745

Exclusive vy — W W~ Cross Section
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e Observed signal significance is 3.00.

o oM er,s = 6.942.2(stat)+1.4(syst) fb.
o (Predicted = 4.440.3 fb.

Yy WHW——etpF
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Exclusive vy — W*TW~ aQGCs
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e The 95% CL limits on the couplings o’ /A? and o /A2.
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W~~ Production

V5 =8TeV, [L =203 b,

Goals:
e First triboson measurement in ATLAS.

e Inclusive (Njets > 0) and exclusive (Njeis = 0)
regions.

e Sensitive to new physics via anomalous gauge
couplings.

Signature:
e One isolated lepton and high missing energy.

e Two isolated photons.

Definition of the fiducial region

ph > 20GeV, pi. > 25GeV, ] < 2.5
mr > 40 GeV
El >20GeV, [n7| < 2.37, iso. fraction ¢} < 0.5
AR(4,y) > 0.7, AR(v,v) > 0.4, AR({/~,jet) > 0.3

Exclusive: no anti-k; jets with piﬁt > 30GeV, [t < 4.4

<

Main backgrounds are Z~
and W~j 4+ Wjj due to
fake object(Data driven).


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031802
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W+~ Cross Section

e Fiducial cross sections are obtained from a maximum likelihood fit.
e The largest uncertainty is from the data-driven background
estimation.

e 3 o significance observed for W~~.

d [fb] o MCFM [fb]
Inclusive (Njet > 0)
Huyy 7.1 T13 (stat.) £1.5 (syst.) £0.2 (lumi.)
evyy 4.3 infé (stat.) T19 (syst.) +£0.2 (lumi.) | 2.90 £0.16
Ly 6.1 t10 (stat.) +1.2 (syst.) 0.2 (lumi.)
Exclusive (Njer = 0)
Uy 3.540.9 (stat.) 713 (syst.) £0.1 (lumi.)
evyy 1.9 T4 (stat.) T13 (syst.) 0.1 (lumi.) | 1.88£0.20
Lvyy 2.9 0% (stat.) 753 (syst.) +£0.1 (lumi.)
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W~~ aQGCs

e aQGC limits set on dimension 8 operators.

e Measurement in exclusive region with additional requirement of
my~ > 300GeV is used to study the aQGCs.

e Form factor (1 + 75-)7"
FF

Observed [TeV~ 7] Expected [TeV 7] e ATLAS
y T hoyy -ww v CMSyy . ww

fro/A* | [-0.9,0.9] x 102 [-1.2, 1.2] x 102 “owbwy | ATAS WYy

n=0 fMQ/A4 [70.8, 08] X 104 [71.1, 11] X 104 AQGC Limits 95% CL
fms/AY | [—1.5, 1.4] x 10* [-1.9, 1.8] x 10* e —
fro/At | [7.6,7.3] x 102 [-9.6,9.5] x 102 "

n=1| fuz/A* | [-4.4,4.6] x 10* [-5.7, 5.9] x 104 vy —
fus/A* | [-8.9,8.0] x 10*  [-11.0, 10.0] x 10* ~ s
fro/A* | [-2.7,2.6] x 10°  [-3.5,34] x 10° L

n=2 | fuma/A* | [-1.3,1.3] x 105  [-1.6,1.7] x 105 V] T
fas/A% | [-2.9,2.5] x 10°  [-3.7,3.3] x 10° BT e
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Z~~ Production

V5 =8TeV, [L =203,

Goals:

e Measure the production cross sections in the
inclusive (Njets > 0) and exclusive (Njes = 0)

regions.
e Sensitive to new physics via aQGC.
Signal:
e Z boson decay leptonicaly(eTe™, utu~,
vty™).
e Two isolated high energy photons.
Backgrounds:

e Main backgrounds are Z + v/ and Z + jets
from fake object(Data-driven).

19


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002

Z~~ Production
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Z~~ Cross Section

e Observed significance of /Iy~ is 6.30 for inclusive region and 6.00
for exclusive region.
e Measured cross sections are compatible with the MCFM(NLO)
predictions.
e Within 1.7¢ for inclusive region.
e Within 0.90 for exclusive region.

Channel ‘ Measurement [fb] | MCFM Prediction [fb]
Niets > 0

ete vy | 6.2 T1%(stat.) £ 0.4(syst.) = 0.1(lumi.)

ptpyy | 3.83 102 (stat.) T4 (syst.) £ 0.07(lumi.) 3.70103

e yy | 5.07 T5 23 (stat.) T5-4L (syst.) £ 0.10(lumi.)

vy 2.5 fé_g(htdt.) =+ 1.1(syst.) & 0.1(lumi.) 0.737i8;8§§
]Vjets =0

ete yy 4.6 T25(stat.) T05 (syst.) £ 0.1(lumi.)

phpyy | 2.38 T0E(stat.) 103 (syst.) ¥0 0] (tumi.) 291553

0y | 3.48 T8 (stat.) T5-2 (syst.) £ 0.07(lumi.)

viryy 1.18 1032 (stat.) F)45 (syst.) £ 0.02(lumi.) 0.395 0050
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Z~~ aQGCs

e Measurement in the exclusive channels with additional requirement

of m, > 200(//~v) and 300(rvy7) GeV is used to study the
aQGCs.

e Sensitivity dominated by vvvy~y channel.

W*W* CMS, Vs=8 TeV, 19.4 fb*
——— Wyy ATLAS, {5=8 TeV, 20.3 fb™*
Zyy ATLAS, (s=8 TeV, 20.3 fb™
WVy CMS, (s=8 TeV, 19.3 fb*

ATLAS 95% C.L.
Ngp =
fro/ A*
oA
fro/A* _
v e b b e b

-30 -20 -10 0 10 20 30
Coupling strength [TeV™]
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WWWwW

Vs =8 TeV, fL =203 ! w
Goals:
e Search for triboson W= W=WT production. w
e Sensitive to new physics via aQGC.
. W
Signal: w
o WEWEWTF S EuiTo, S
o WEWEWT=Fuitujj (I = e,p). ‘Z/y*/H
Backgrounds:
w
o WZ/v*, Wr+jets or Zy+jets (MC). w
e Lepton's charge mis-ID (Data-driven).
e Fake leptons originated from jets or hadronic W w
decays(Data driven).
w

23



WWWwW

e Distributions in validation region for lvlvly and 1vlvjj channels.
e m3! for lvlvly channel(Left).

e Third lepton pT for lvlvjj channel(Right).
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WWW Cross Section and aQGCs

e No significant deviation from SM observed.
e Total and fiducial cross-sections extracted, only ~1 sigma
significance.
o aQGCs limits with 95%CL set.
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Summary

e Results of VBS, Exclusive WW and Tri-boson analysis presented.
e Overall good agreement with SM expectations!

VBF, VBS, and Triboson Cross Section Measurements Status: August 2016
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