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Abstract: <span>The LHC has made

remarkable progress in exploring the SM at new energies and demonstrating
remarkable agreement with theoretical predictions. & nbsp;In thistalk | will
discuss one area where the SM does not fit as well as expected, and what could
be hints of new physics showing up in the electroweak sector.<br>
<br></span>
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WURCINE: A FAIRY TALE VRS
EONSEQUENGIES

Experimental hints of nothing or something...

New EWV states to explain

Constraints

Ot

er explanations?
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BOSY SUSY NOW

CMS preliminary
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« Very similar agreement with (N)NLO predictions is observed by CMS
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vy CROSS SECTHICTES

* In principle the LHC makes 8 measurements highly sensitive to
the WWV cross section

« SMWW a @/z\ 'LAS7, CMSDATLASS

e h—=WW atCMS/, ATLAS/, CMS8, ATLASS

* What's the status!’
Every reported* measurement is

higher than the SM
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vy CROSS SECTHEITS

* In principle the LHC makes 8 measurements highly sensitive to

the WWV cross section

- SMWW atGMS7, ATLAS7, CMSDATLASS
+ h—WW at@€MS7, ATLAS7, CMS8, ATLASS

* What's the status!
Every reported* measurement is
higher than the SM
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e CROSS SEC MEASUREMERSE

ATLAS /
o(pp = WTW ™) = 53.4 + 2.1(stat) & 4.5(sys) = 2.1(lum) pb

&S/
o(pp = WTW ™) = 52.4 + 2(stat) £ 4.5(sys) £ 1.2(lum) pb

NLO theory at /7 TeV
oclpp>WTW™)=45.1+28pb AlTLAS MC((I\N[_O

Campbell,

opp > WTW™) =47+ 2pb MCFM enis,

Williams
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g CROSS SEC MEASUREMIERSE

AlTLAS /
o(pp > WTW™) = 53.4 + 2.1(stat) + 4.5(sys) £ 2.1(lum) pb
s/
o(pp = WTW ™) = 52.4 + 2(stat) £ 4.5(sys) £ 1.2(lum) pb
NLO theory at /7 TeV
olpp > W W~)=451+28pb  ATLAS MC@NLO

Campbell,
o(pp > WHW~) =47+ 2pb MCFM e,
Williams
[.40and |0, this is an
d ”)17?!

ATLAS and C M% \re more
consistent with each other than the SM...
NOT just a “rate” anomaly

Pirsa: 12120017 Page 16/85



Pirsa: 12120017

10GeV

Events

Events / 20GeV

450
400

ATLAS Preliminary

|l(‘.f 4.70ib
\ 7 TeV
+
!
|
s

0 40 60 80

e G e S R S

ATLAS Preliminary
| Ldt = 4.70fb
\s = 7TeV

—4+— Data
[ Diboson
B W+jet/dijet
=] top

[ Drell-Yan
CJwwaiviy
e

100 120 140 160

[)WHDﬂ.dH‘lg lepton)[GeV]

—+— Data
[ Diboson
B W+ jetdijet
1 top

(] Drell-Yan
C ) WWosiviy

300 350
my(IES™)[GeV])

10GeV

Events

10GeV

Events

—4— Data

; [ Diboson
3003 | Lt Oft W+ jevdijet
. : \s = 7TeV 8 top
250| _+_ [ Drell-Yan

| —=o C) WWoshviv
2003 v 7 e

120 140
p.(I)[GeV]
600~ ATLAS Preliminary —4— Data
| Lot = 47010 [ Diboson
500 I B W+ jetdijet
\ TeV EIOD
400 —— ] Drell-Yan
C I WWalviv
""""" mm o P
300 i
""" 1

0 20 40 60 80 100
p (IET™)[GeV)

Page 17/85



Pirsa: 12120017

10GeV

Events

Events / 20GeV

ATLAS Preliminary

| Ldt = 4,70fb
\ /TeV
+
!
|
s

0 40 60 80

D T

ATLAS Preliminary
| Ldt = 4.70fb
15 = 7TeV

—4+— Data
[ Diboson
B W+ jet/dijet
] top

[ Drell-Yan
CJ WWsiviy
e

100 120 140 160

p, (leading lepton)[GeV)

—+— Data
[ Diboson
B W+ jetdijet
1 top

(] Drell-Yan
C I WWasiviv
: L J "

300 350
my(IE]"™)[GeV]

10GeV

Events

10GeV

Events

—4+— Data
[ Diboson
B W+ jevdijet
@ top

[ Drell-Yan
C IO WWoiviv

3()(]3 |'.:!l 4.70fb

250

100 120 140

p.(I)[GeV]
d v ' T T T T T v - - - . ) .
600f~ ATLAS Preliminary —4— Data
| Lat = 4.701 [ Diboson
500 I Bl W+ jetdijet
SR 2 top

400/ —— (] Drell-Yan

| C) WWoslviv

------ mm = oo
300 i
""" 1

0 20 40 60 80 100
p (IET™)[GeV)

Page 18/85



i CROSS SEC MEASUREMERSR

AILAS /
o(pp — WTW™) = 53.4 + 2.1(stat) + 4.5(sys) £ 2.1(lum) pb

s/
o(pp = WTW ™) = 52.4 + 2(stat) £ 4.5(sys) £+ 1.2(lum) pb

NLO theory at /7 TeV
olpp—= WTW~™)=45.1+28pb ATLAS MC((IWN[_O

Campbell,

opp > WTW™) =47+ 2pb MCFM enis,

Williams
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RRDATED LFiEs

Measurement of W+W ~ production in pp collisions at /s =
detector and limits on anomalous WW Z and WW~

r

—

The ATLAS Collaboration ™
(Dated: October II.i_l“'/)
This paper presents a measurement wm_”}—nmim tion cross sectig

Vs 7 TeV. The leptonic decay channels are analyzed using data i'!l]l‘\'ll_l‘-‘.rlllll
luminosity of 4.6 fb™* collected with the ATLAS detector at the Large ]il.u a'ﬁll Coll
production cross section e(pp = W W™ 4+ X)) is measured to b '-.th_: 2.0 (st
2.0 (lumi) pb, compatible with the Standard Model prediction of 44.7 ] l,
the normalized fiducial cross section as a [unction of the leading lepton transverse momencum is

pb

also presented. The reconstructed transverse momentum distribution of the leading lepton is used
to extract limits on anomalous WWZ and WW- l\lH.I]IIIL'_"

Significance about the same as before

Addrtional pt(ll) cut
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& 50 I'EV 35/RE

WW—-2¢2v at 8 TeV: systematics & results

0 =69.9 2.8 (stat) £ 5.6 (sys) £ 3.1 (lum) pb

NLO prediction (MCFM): 57.25 ( *Z27 ) pb

eAlready 4% statistical precision
eAbout 1.80 higher than the NLO prediction

It grows at 8 TeV even faster!

)| _ ., )| _ s
(7) . =121 (7) 1.99

exp

Page 21/85



> T T ] > ‘100 — T T m_] - T T T
8 i W 2ot CMS proliminary 8 * cata Z+jots CMS proliminary 3 o cata [ Z+jot CMS proliminary 4
e wivhg ] - v & i - cata ~jots CMS preliminary
o 200 e 10t ] 0 F Www BWees  Ledsoe 4 ww B Woes on |
8 L 10 o 4 Hi | B w op o ’ i 6 Bw top or
= 12 = - at © syst . ~ [0 stat ® syst
g sof { € 300 £ 200 -
- - @
+ T +
} = $ls
[ .
100 '—t: - .—'P —_—
il . - | T
I -4 < 100 e
-
: - 100 -t +
50 Py "
i "“ - . -
- - - " na?
atye . —t, ﬂ
ata -
. I 1 *svina 1 1 A L T
0 - 0 _ 0
§ 2 & 2 § 2
2 15 18 15F " 3 2 15k l 3
2 A RTIPR 3 . bat 2 .
8 1f Ut s ] e ™ & 1| eetgretepptn
= 05F ' t ,+.T’-‘;‘, 05 f o1 3 osf st
g 0 I 0 -] 0
3 0 50 100 150 3 20 40 60 80 ° 40 60 80 100 120
p™ [GeV] p" [GeV] p’ [GeV)

Looks pretty good...
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Upward fluctuations in all measurements or a trend!

Iwo roads diverged in a yellow wood,
and sorry | could not travel both...

SM calculation
Wrong
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INESREDIEN TS FOR BSM EXPLANAE G

» Need to first understand what it MEANS to measure the
WWV cross section!

N N
Tol ‘ 0_” W= ( (llil bkg
ww X Aww X BR x L

Cross section

( g
B ) 1
L
VA
\ » TG
P »
q' I q ~10% W = ~3%
Y B

Count opposite sign dileptons + MET In a fiducial region
with a jet veto and a few other requirements
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INGEREDIEN TS FOR BSM EXPLANAECHES

» Need to first understand what it MEANS to measure the
WW cross section!

N N
Tol ‘ 0_” W= ( (llil bkg
ww X Aww X BR x L

Cross section

{ 1 / B
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w17 ~10% W S
Count oppogilc sign dileptons + MET In a fiducial region

with a jet veto and a few other r‘o(‘;uu‘cm(,ﬂL
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INGREDIEN TS FOR BSM EXPLANAH IS

» Need to first understand what it MEANS to measure the
WWV cross section!

N N
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Count opposite sign dileptons + MET In a fiducial region
with a jet veto and a few other requirements
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INGEREDIEN TS FOR BSM EXPLANAE G

» Need to first understand what it MEANS to measure the
WWV cross section!
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Count oppogilc sign dileptons + MET In a fiducial region
with a jet veto and a few other requirements
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INGREDIEN 1S FOR BORE
EXPLANATION

* ATLAS and CMS both measure OS dileptons + MET with a
et VETO

* Final state needs to be OS leptons+MET with nothing else
essentially

* Does NOT imply there have to be REAL W’s

* Doesn't hurt erther If there are!
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INGREDIEN 1S FOR BORS
EXRPLANATICIN

* ATLAS and CMS both measure OS dileptons + MET with a
et VETO

* Final state needs to be OS leptons+MET with nothing else
essentially

* Does NOT imply there have to be REAL W’s

* Doesn't hurt erther If there are!
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URIDATED LG

Measurement of WTW = production in pp collisions at /s = 7 TeV with the ATLAS

detector and limits on anomalous WW Z and W W~ couplings

—

The ATLAS Collaboration ™
(Dated: October II.;’EQ

R
This paper presents a measurement of the LR production cross section in pp collisions at

VS 7 TeV. The [1'1;!:\“]( decay channels are analyzed using data 1u|]|‘\|||||:|1|]|-_'. 1O an inte ‘_":.ﬂwl
luminosity of 4.6 fb™* collected with the ATLAS detector at the Large Hadron Collider. The WTW
production cross section o(pp = WTW™ 4+ X)) is measured to be 51.9 + 2.0 (stat) £ 3.9 (syst) 4

2.0 (lumi) pb, compatible with the Standard Model prediction of 44.7 73 l, pb. A measurement of
the normalized fiducial cross section as a [unction of the leading lepton transverse momentum is
also presented. The reconstructed transverse momentum distribution of the leading lepton is used
to extract limits on anomalous WWZ and WW~ couplings

Significance about the same as before

Adadrtional pt(ll) cut

Page 33/85



Upward fluctuations in all measurements or a trend!

Iwo roads diverged in a yellow wood,
and sorry | could not travel both...

SM calculation
Wrong

Wil come back to the less traveled one
and that of course may make all the difference..
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REERIMEN TALIS T°S FAVOIRIEE
DIBOSONTOOES

TGC vertex
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AN EXPLANATIOINE

TGC vertex

NO! Need to affect the bulk not
talls of distributions!
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1 &S0 Ul

Standard particles SUSY particles

Higgs
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We've found ALMOST half of the particles..
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SUSY (MET) LHC

1000 eV - 60‘013,&
CT@V&AT\FG“) _SPOJY '\‘uc\ﬂS

\OO GeV F\J
@iz S

Just starting to enter
into EW game
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SUSY HAS OTHER OPTIONS
o
+

et
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A VPLE TOPOLOGHES

[led for second most
interesting result of summer
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EVW GAUGINO BOUNDS

WZ final state ruled out well above LEP

CMS Preliminary \s=7TeV,L =4.981b"

I~ 10° —
500
% = combined observed ! g
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g 400 combined expected (+ o) o
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trilepton (M ) observed |
300 ) . O
PP % WZ+E, - 10 o
o
&
200
100

Ol W TN
100 150 200 250 300 350 400 450 500
m.=m, [GeV]

Wh state also ruled out by ATLAS 7/ TeV Wh search
~ 160 GeV Higgsinos
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EVW GAUGINO BOUNDS

WZ final state ruled out well above LEP
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Wh state also ruled out by ATLAS / TeV Wh search
|60 GeV Higgsinos
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By GAUGINO BOUNIES

WZ final state ruled out well above LEP

CMS Preliminary \s=7TeV,L =4.981b"
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EVW GAUGINO BOUNDS

WZ final state ruled out well above LEP
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EVW GAUGINO BOUNDS

WZ final state ruled out well above LEP
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EVW GAUGINO BOUNDS

WZ final state ruled out well above LEP

CMS Preliminary \s=7TeV,L =4.981fb"
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state also ruled out by ATLAS 7 TeV Wh search
|60 GeV Higgsinos 1206.6888
(ouis not A
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BIRETHERE VWAYS OU [y
WITHOUT WH AND W/Z!!

* Chargino NLSP (also have gravity setups with sleptons)

* low tan beta, large Wino-Higgsino mixing

J
=

m, + ~ 110GeV
Mo A 113 GeV

DN 130 GeV onLo ~ 4.3 pb
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BRE T HERE VWAYS OU v
WITHOUT WH AND W/Z!!

* Chargino NLSP (also have gravity setups with sleptons)

* low tan beta, large Wino-Higgsino mixing

J
-

m, + ~ 110 GeV
m,o & 113 GeV
1

Mg = 130 GeV onLo ~ 4.3 pb
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ERETHERE VWAYS OU [y
WITHOUT WH AND W/Z!!

* Chargino NLSP (also have gravity setups with sleptons)

* low tan beta, large Wino-Higgsino mixing

J
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m, ~ 110 GeV
m,o & 113 GeV
1

Mg = 130 GeV onLo ~ 4.3 pb

irsa: 12120017 Page 52/85



BIRE [ HERE VWAYS OU [y
WITHOUT WH AND W/Z/!

* Chargino NLSP (also have gravity setups with sleptons)

* low tan beta, large Wino-Higgsino mixing

m, ~ 110 GeV
Mo A 113 GeV

m,o =~ 130 GeV
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ATLAS 7
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x* cut in half compared to SM
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7
[ ,.4J 5
2.

x* cut in half compared to SM
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x* cut in half compared to SM
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ATLAS 7
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x* cut in half compared to SM
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ATLAS 7
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x* cut in half compared to SM
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x* cut in half compared to SM
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SM p-value .00/ SM+charginos .3
Bt . | SM+h+charginos .75
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BEINS TRAIN TS OINFESIS
OEENANE

* 55 dileptons

PS¢

e
.

YTonNs
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i Qo
100 2
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. 32
L Tp)
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3 W 1
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Remarkably everything works as of [CHEP
Still looking at HCP results!
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BIRE T HERE VWAYS OU [FEvaais
S OU | VWi AND vz

* Chargino NLSP (also have gravity setups with sleptons)

* low tan beta, large Wino-Higgsino mixing

m, ~ 110 GeV
m,o & 113 GeV
1

Mg = 130 GeV onLo ~ 4.3 pb
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BIRE THERE VWAYS OU [y
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Still looking at HCP results!
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EIER FFEEC [S FROMENE

» Will not affect h — WTW ™ sensitivity (most models that

do this are dead at 9-10 sigma)
* Shows up In control regions

» Amusingly increases ? — 7Y about 15%

» Same sign dileptons by end of 8 TeV should confirm/rule out

« Other transverse variables 1
@) @B,

1at can separate NP/SM WW/
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BIFFIER POSSIBILIRIESSE

» Backgrounds Wrong - Negligible
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* WW cross section wrong (k-factors

| .61sh need a 20% effect)
* higgs Interferes destructively

* EVW NLO rec

uces as well

a \‘4 \ 'f.\u.
( )
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fficiency - Not what QCD naively wants to do
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WEEORIS [ MC SCARE
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Figure 2: Comparison of my, distributions of the WIW continunum background normalized in

the 80 < my < 290 GeV region. Only the ATLAS values include the full detector simulation

[he two event generators do not include the gg = WW contribution. Also shown

simulated 125 GeV Higgs signal in the signal region
(14b) |2

is the
ATLAS results are obtained from Fig
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EOVY MUCH DOES Bt
A TER IN THE ENIB
P OUGE

* ATLAS and CMS got the same cross section at / eV

e CMS uses MADGRAPH for WW!I??

* Wed like to have some more reliable theory systematic
estimate

* NINLO

* Resummation




HOW DO \/\/E GO FURTFIERS
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CEONCLUSIONS

* WWV cross section I
of view, to 1

s showing a trend from a theorists point
1e point that I'm thinking it's not a fluctuation... you
can think whatever you want

] N Ee\NMN/
— VYV

N\
J

hysics CAN ex

dlain this and fit better than the SM

* SM ca

@6

ations should be improved to NNLO+N" (n)LI

* As long as you exclude fluctuation

\

; this 1s a very interesting
to follow since it has ramifications all over the

VE e place...

channe
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SM p-value .00/ SM+charginos .3
it . | SM+h+charginos ./5
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WEINSTRAIN TS OIN RIS
SCENARIO
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Remarkably everything works as of ICHEP
Still looking at HCP results!
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