EXPLORING THE
VW FRONTIER

Patrick Meade
Yang Institute for Theoretical Physics
Stony Brook University

Based on:
D. Curtin, P. Jaiswal, PM 1206.6888

D. Curtin, P. Jaiswal, PM, P. Tien 1304.701 |
+work in progress




OK HOUW I LEAKRNED TO STOP

LWORKYTING AND LOVE SM
MEASUREMENT S

Patrick Meade
Yang Institute for Theoretical Physics
Stony Brook University

Based on:
D. Curtin, P. Jaiswal, PM 1206.6888

D. Curtin, P. Jaiswal, PM, P. Tien 1304.701 |
+work in progress




O HOW T LEARNED 7O STOP
LWORKYTING AND LOVE SM
MEASUREMENT S




GREAT WORKSHOP

VWhat have we learned
thus far?
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Al WORKSHOP

VVhat we've heard

Black

W1

CMS presminary |

L agrees well

Bel@ eiln

haven't seen
anything...

SUSY at 100 TeV!?




WHAT THEORISTS WERE
SAYING PRE LHC

—

SIUSHEE

right around
the corner /

| /Well explain\ \
| the baryon
\ asymmetry /




POST /7 AND 8 TEV RUNS

ﬂ

1Ae enal of
ticle physics?

/" Maybe DM is
N el erdela




WHIPLASH OF PREDICTIONS...

HAPPY SAD
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WHIPLASH OF PREDICTIONS...

HAPPY SAD
© ©®

Oor even some resurrected ones...




WHERE HAS THE LHC REALLY TAKEN
US WITHOUT THE EXTRA BRAVADO!




WHERE HAS THE LHC REALLY TAKEN
US WITHOUT THE EXTRA BRAVADO!
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WHERE HAS THE LHC REALLY TAKEN
US WITHOUT THE EXTRA BRAVADO!

proton - (anti)proton cross sections
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WHERE HAS THE LHC REALLY TAKEN
US WITHOUT THE EXTRA BRAVADO!

CMS prel im i na ry m(mother) - m({LSP) =200 GeV m(LSP)=0 GeV

T1: Q—N)qio gluino

T1bbbb: §-+55%" | glyino
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WHERE HAS THE LHC REALLY TAKEN
US WITHOUT THE EXTRA BRAVADO!

CMS preliminary m(mother) - m({LSP) =200 GeV ' - "' ., m(LSP)=0 GeV
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A PURPOSE DRIVEN LIFE... AT
LEAST FOR COLLIDERS...

VWe must gain as much information from a given experiment
since there may be "anomalies’ later we have to contend with
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VWe must gain as much information from a given experiment
since there may be "anomalies’ later we have to contend with




A PURPOSE DRIVEN LIFE... AT
LEAST FOR COLLIDERS...

oumnd

—

2.
M; [GeVic”

Had to go back to UA2! to test dijet hypotheses not the
Tevatron or LHCV




HOW FAR CAN THE LRC GO?

VWant:
o, X e X A Big To discover/constrain

new physics
o, X e X A Small Py

Unfortunately these don't both
occur when both scales are the EW scale




BOUNDS ON SUSY (MET)
PRE [ HC
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BOUNDS ON SUSY (MET)
CURRENT LHC
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BOUNDS ON SUSY (MET)
CURRENT LHC

G \ereg\
‘%Oi (Z:C\g 5;04*(c\€5

~ 300 GeV Ew Hergliss
dragons...
(LHCD  Sighres
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PLAN FOR REST OF THE TALK

 Show that there may be new physics lurking in the EWV sector

* Give the only examples | know of at the LHC where NP fits the data
significantly better than the SM Itself!

* charginos
© SIEE

* sleptons

* Demonstrate a new way to understand the EW scale using SM Standard
Candles




WHERE CAN YOU EXPECT TO
SEE NEW PHYSICS!
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WHERE CAN YOU EXPECT TO
SEE NEW PHYSICS!

- Could always be just around the corner at the next energy
scale

* We could already be sitting on top of Iit, we just have to look

more carefully and become more sensitivel
* Higgs...
» top AFB !

» Other things!




WHERE CAN YOU EXPECT TO
SEE NEW PHYSICS!

IMPORTANCE
TO LOOK FOR
AT LHC




WHERE TO FIND NEW PHYSICS?

TWiki > m CMSPublic Web > PhysicsResults (29-May-2013, ChristopherHill) JEdit Attach PDF

CMS Physics Results

General Information

Physics Analyses

Physics Analysis Group Group page Publications | Preliminary Results Monte Carlo studies

Forward and Small-x QCD Physics Plots and Results Physics Analysis Summaries Physics Analysis Summaries

B Physics and Quarkonia Plots and Results

Standard Model Physics (Vector Bosons & Jets) Plots and Results

Top Physics Plots and Results
Higgs Physics

Supersymmetry

Exotica

Beyond 2 Generations

Heavy-lon Physics Plots and Results Physics Analysis Summaries
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SM CROSS SECTION PLOT

AT?LAS Preiiminary

I L dt=0.035-4.7 b
Ns=7 Te\if

Thenéry
= Data 2010
o Data 2011

single boson di-boson

* Very similar agreement with (N)NLO predictions is observed by CMS



CMS EW HCP ZOOM IN

CMS

§ 7 TeV CMS measurement (stat®syst)
E 8 TeV CMS measurement (stat@)sys£

[pb]

—— 7 TeV Theory prediction

—— 8 TeV Theory prediction

WWAWZ \WW
—0— .

et

=
A4

jet

E; >30 GeV 5
In®<24 E

Production Cross Section, O,

50fb" 4.9fb"
3.5fb"

36, 19 pb™




VISUAL “EVIDENCE"

CMS WW—s/viv (3.54 fb™!, 8 TeV)
CMS-SMP-12-013

CMS WW—/viv (4.92 fb™, 7 TeV)
CMS-SMP-12-005

ATLAS WW-/viv (4.6 fb’, 7 TeV)
arXiv:1210.2979

777 Theory

. - Otat. Uncertainty
WW Cross Section Results 14, uncertainty

50 100 150
[pb]



WW CROSS SECTION

* In principle the LHC makes 8 measurements highly sensitive to
the WWV cross sect|on

* SMWW at MS7 ATLAS7 CMS8 ATLASB

* h—WW at( MS7 ATLAS7 CIVISB ATLASB

* What's the status?
Every reported* measurement is

higher than the SM
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the WWV cross sect|on
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* What's the status?
Every reported* measurement is

higher than the SM

NOT Fermi line high...




WW CROSS SECTION

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

* SMWW at MS7 ATLAS7 CMS8 ATLASB

* h—WW at( MS7 ATLAS7 CIVISB ATLASB

* What's the status!?
Every reported* mec:

higher than tk

NOT Fermi //ne\

Not astrophysics either...




WW CROSS SEC MEASUREMENTS

ATLAS /
o(pp — WTW ™) = 53.4 -

CM S

- 2.1(stat) = 4.5(sys) + 2.1(lum) pb

o(pp = WTW ™) =52.4 -

i 2(stat) W

- 4.5(sys) + 1.2(lum) pb

NIE@RTRech Aarvale

o(pp — W W ™) =45.1+£2.8pb
o(pp — WTW™) =474+ 2pb

ATLAS MC@NLO

Campbeli,

MCFM  Enis,

Williams




WW CROSS SEC MEASUREMENTS

A TLASH
o(pp — W—I_W_) = 53.4 4+ 2.1(stat) & 4.5(sys) =+ 2.1(lum) pb

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

NIE@RTRech Aarvale

olpp > WTW~)=451+28pb  ATLAS MC@NLO

Campbeli,

o(pp — WTW™) =474+ 2pb M@l EIE
| .40and |0, this is an
anomaly?77
ATLAS and CMS are more
consistent with each other than the SM...

NOT just a “rate” anomaly
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1> C BV SOIFE

CMS

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

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

It grows at 8 TeV even faster!

@ _1: s

— 855
0(7) th 0-(7) exp




1> C BV SOIFE

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

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

CMS

It grows at 8 TeV even faster!

o(8)

o (7)

th

= 2]

o(8)
o(7)

exp

=

= 30 when combined




entries /5 GeV

data / prediction
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CMS8
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NO EXTRA NORMALIZATION...
{

80
Pr (r1L2; (GeV) Pr (L2)

140}

/5 GeV




Upward fluctuations in all measurements or a trend?

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

SiMEcalculation
wrong

<__ New Physics ==




Upward fluctuations in all measurements or a trend?

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

SiMEcalculation
wrong

Wi

come back to t

Glaltha

L of course may

<___New Physics __=>>

Geil=ccn

‘raveled one

el 2

the difference...




Upward fluctuations in all measurements or a trend?

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

SiMEcalculation
wrong

<___New Physics__=>

% : .
Will come back tscPt%'c!?ersg !Fa’(/téle %tnle'eally...

and that of course may make all the difference..




INGREDIENTS FOR BSM EXPLANATION

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

Jotal i Ndata — Nokg
CWWxAWWxBRX£

Cross section

(] N 7+
( 7 g ‘ ‘ —

TGC vertex
~10% W~ M ~3%

g W

Count opposite sign dileptons + MET in a fiducial region
with a jet veto and a few other requirements




INGREDIENTS FOR BSM
EXPLANATION

* ATLAS and CMS both measure OS dileptons + MET with a
et VEL®,

* 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 arel




EXPERIMENTALIST'S FAVORITE
DIBOSON TOOL...

TGC vertex




AN EXPLANATION!?

TGC vertex

NO! Need to affect the bulk not
talls of distributions!




NEW PHYSICS EXPLANATION

* Measurement is 2 leptons + MET so we need this... (Jet veto)

» Kinematics similar to WWV of SM

* Need a cross section of a few pb to make a difference

VWhat does all this and more! EVW GAUGINQOS!!




SUSYY?

Standard particles SUSY particles

Focus here

Focus here
later

NEEE RS apoll S\USHE IR cenelial R
igos mass see talks by Yanagida and Shih




EXAMPLE TOPOLOGIES FOR
WW+MET

f
-




DON'T LIKE SUSY??

e
ol

"Heavy Lepton”




GRAVITY MEDIATED
SPECTRUM

x5, xs  O(100 GeV)
Could be at LEP [imit!

Amusingly the right point
to affect the cross section significantly...

0

X O(GeV)




EXAMPLE TOPOLOGIES

Wj:




EXAMPLE TOPOLOGIES

ter
yesterdays lecture




VW GAUGINO BOUNDS

WZ final state ruled out well above LEP

CMS Preliminary \s=7TeV,L =4.98 fb"

4
_111-]\'] IIT1‘I ITTI\I‘T‘[T‘X-]TT1-]-I-TL 10
. mm——= combined observed -
| <<=« combined observed (=10 ) I

combined median expected
i combined expected (+10) 3
" e e 2/2] Observed

trilepton (M1) observed

95% CL UL oxBF [fb]

__pp_’i:i: —*WZ-O-E:““ _:

100 150 200 250 300 350 400 450 500
m.o nL (GeV]

Wh state also ruled out by ATLAS 7 TeV Wh search
~ 160 GeV Higgsinos




VW GAUGINO BOUNDS

WZ final state ruled out well above LEP

CMS Preliminary \s=7TeV,L =4.98 fb"

_IIT-]\'I IITI‘I ITTI‘I Tnl’T X.]TT1-]-X.TI—
- mm——= combined observed

««««. combined observed (= w"‘”"')
combined median expected

i combined expected (+10)

" e e 2/2] Observed

] trilepton (M) observed

95% CL UL oxBF [fb]

100 150 200 250 300 350 400 450 500
m_o m.. [Ge
ﬂ [GeV]

State also ruled out by ATLAS 7 By Wla search

~ 160 GeV Higgsinos 1206.6888
(ours not A




ARE THERE WAYS OU ! WW
WITHOU T WH AND W/

» Chargino NLSP in Gauge Mediated SUSY breaking

* low tan beta, large Wino-Higgsino mixing

110 GeV

b m.o ~130GeV  onro~4.3008
T (1) ~

113GeV

X



AlLAS /

250}
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o
N
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s

,:_..E-:-:-:-:*l!llr mm
100

pr (LL E™%%) [GeV]

. . / . . .
T SM prediction % Uncertainty D h - WW . All EWinos = All EWinos x 5

PP - X1'X1~ vew PP - X1°X% ae= PP - x1°X% «== PP > x"1x% pp > x%x%

x* cut in half compared to SM
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CONSTRAINTS ON THIS
SCENARIO

* 5SS dileptons

» OS dileptons

CMS Preliminary \s=8TeV,L =9.2fb"
T T T | T T T T | T T T T
95% C.L. CLs NLO Exclusions

th
mm Observed = 10 "

Expecteded = 10

50

95% CL upper limit on o [fb]

VA N S T S N, i 1
900 150 200 250 300
m- [GeV]

HCP says watch out for SS dileptons®




ATLAS LOOKED FOR THIS [N

PARTICULAR...

Report number

Title

Corporate Author(s)

Imprint

Subject category

Accelerator/Facility,
Experiment

Free keywords

Abstract

Linkbacks

ATLAS Note

ATLAS-CONF-2013-049

Search for direct-slepton and direct-chargino production in final states with two opposite-sign leptons, missing transverse momentum and no jets
in 20/fb of pp collisions at sqrt(s) = 8 TeV with the ATLAS detector

The ATLAS collaboration
16 May 2013. - mult. p.

Detectors and Experimental Techniques
CERN LHC ; ATLAS

SUSY ; EW ; dilepton with missing transverse energy

Searches for the electroweak production of pairs of sleptons or charginos decaying into final states with two leptons, missing transverse
momentum and no reconstructed jets are performed using 20.3 fb-1 of proton-proton collision data at sqrt(s) = 8 TeV recorded with the ATLAS
experiment at the Large Hadron Collider. No significant excesses are observed with respect to the prediction from Standard Model processes.
Limits are set on the masses of the slepton and of the lightest chargino for different lightest-neutralino mass hypotheses. In scenarios where
sleptons decay directly into the lightest neutralino and a charged lepton, common values for left and right-handed slepton masses between 90
GeV and 320 GeV are excluded at 95% confidence level for a massless neutralino. In the scenario of chargino pair production, with wino-like
charginos decaying into the lightest neutralino via an intermediate slepton, chargino masses between 130 GeV and 450 GeV are excluded at 95%

confidence level for a 20 GeV neutralino. In the scenario of chargino pair production followed by the C1 -> WN1 decay, the excluded cross-section
is above the model cross-section by a factor 1.9-2.8 in the C1 mass range of 100-190 GeV and then degrades gradually to 4.7 when reaching a (1
mass of 250 GeV. | o ’




B TIER EFFEC TS FROM
CHARGINOS

» Will not affect h — WTW ~ sensitivity (most models that
do this are dead at 9-10 sigma)

* Shows up In eontrol regions

» Amusingly increases  — Y7 about |5%

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

» Other transverse variables that can separate NP/SM WW/
QCD




CHARGINOS FROM STRONG
PRODUCTION!?

=Xt b= WH b0 v




CHARGINOS FROM STRONG
PRODUCTION!?

=Xt b= WH b0 v

Squeeze the b's and you Rolbiecki and Sakurai
oset WW production | 303.5696

x2: [ATLAS7, CMS7, CMS8]

160 180 200 220 240 260 280 300
rrL [GeV]



CHARGINOS FROM STRONG
PRODUCTION!?

—4— Data
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NO ONE SAID ITHERE HAD TO

BE REAL W BOSONS!
1"

p
)

>W9"
7t
\

J+




NO ONE SAID ITHERE HAD TO

BE REAL W BOSONS!
1"

O
X
- Smaller cross section

Q -
4 Harder MET (naively)
since 2 body MET
\ ©

J+




TURNS OUT IT FITS JUST AS
WELL..

~~~

7/10 GeV
/10 GeV




TURNS OUT [T FITS JUST AS

Can also do this
L& just with LH sleptons




ARE THERE DANGEROUS
SLEPTON PROCESSES?




ARE THERE DANGEROUS
SLEPTON PROCESSES?

f
22 N

NO!

trileptons ana
W SS dileptons are gonel
o
.
Have to look into shape
variables and flavor
correlations more carefully

\'4




WHAI ELSE ARE SLEP TONS
GOOD FOR!

Can get right
relic density

Detection
salls right through
and Is Interesting

for future exp!




OTHER BENEF\TS OF LIGHT
\S?

Kirill Melnikov
Arkady Vainshtein

= (2.8 £0.8) x 107?
Theory of the

Muon Anomalous
Magnetic Moment

@ Springer




OTHER BENEFTS OF LIGHT
SLEF;TONS?




N

2

- g ilm

°TON MIXING FOR STAUS

1O MAKE THE RIGHT CONTRIBUTION

Worries:
LFV (ok)

generating
spectra...




3 ANOMALIES AUTOMATICALLY
ISN'T BA"\[’)\.\.}

7




3 ANOMALIES AUTOMATICALLY
ISN'T BAD..

- This model ALSO
¥ changes the
interpretation
of the Higgs!!

(b) tan 8 = 4, u = 600 GeV




SM/EXPERIMENTAL POSSIBILITIES??]

e s

» Backgrounds Wrong - Negligible effect?

* WW cross section wrong (k-factors |.6ish need a 20%
NNLO effect)

* higgs Interferes destructively

 EVW NLO reduces as well

* Systematics

WHY DOES o(pp = ZZ) AGREE?




DO YOU ONLY CARE ABOUT
SM MEASUREMENTS FOR
ANOMALIES???




DO YOU ONLY CARE ABOUT
SM MEASUREMENTS FOR
ANOMALIES???

Bounds
on 1 GC

=
)
Q)
)
[QV
S~
(72]
e
C
o
>
LL

20 40 60 80 100 120 140 160 180 200
Leading lepton p_ [GeV]




CAN ALSO BOUND NEW EW
PHYSICS WITH SM MEASUREMENTS

200 —

~ Figure 1: 95% Exclusions in the neutralino-slepton mass plane for degenerate é, fi decaying
“to e/ + X). Magenta regions are excluded by the CMS 9fb™" LHCS slepton search [2] (see

text footnote). Orange regions are excluded by LEP [5]. The regions below the Purple
" (ATLAS LHCT7 [9], Blue (CMS LHC7 [10]), Red (CMS LHCS [11]) and Black (combined)
~ lines are new exclusions we obtained from the respective W1IW~ measurements. Solid
" (dashed) lines represent limits obtained by (not) renormalizing the SM expectation in all
" kinematic distributions to match the SM + BSM normalization to data. The CMS8 W~
" measurement was so high that only the region inside the red dashed line is not ‘excluded’
~ when normalization is taken into account.
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CAN ALSO BOUND NEW EW
PHYSICS WITH SM MEASUREMENTS

200

Figure 1: 95% Exclusions in the neutralino-slepton mass plane for degenerate €, fi decaying
to e/p + 3. Magenta regions are excluded by the CMS 9fb~' LHCS slepton search [2] (see
text footnote). Orange regions are excluded by LEP [5]. The regions below the Purple
(ATLAS LHCT7 [9], Blue (CMS LHCT7 [10]), Red (CMS LHCS [11]) and Black (combined)
lines are new exclusions we obtained from the respective WTW ™ measurements. Solid
(dashed) lines represent limits obtained by (not) renormalizing the SM expectation in all
kinematic distributions to match the SM + BSM normalization to data. The CMS8 WtW~
measurement was so high that only the region inside the red dashed line is not ‘excluded’
when normalization is taken into account.
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CONCLUSIONS

* WW cross section Is showing a trend from a theorists point of view, to the
point that I'm thinking it's not a fluctuation... you can think whatever you want

» New physics CAN explain this and fit better than the SM
 Chargino explanation (real W’s) - Can test soon
e Stops to charginos? - “natural” susy right there??

e Slepton explanation (nhot W’s!)- Can explain more
phenomena and it’s harder to distinguish except for
flavors...

* SM calculations should be improved to NNLO+N"(n)LL

* As long as you exclude fluctuation this is a very interesting channel to follow
since 1t has ramifications all over the place...

» Can use SM standard candles to bound new physics




