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BEIERES OF COURSESS
REASON FOR THIS. ..

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: April 2014 -
Slalus: Apni <014 JLdt=(1.0-203)fb" Vs=7,8TeV
mns . -
Model f,y Jets E, L) Mass limit Reference
r—rrrT - Ty - T - —
ADD Gy +5/9 - 1-2) Yos A7 My 437 TeV awm 12104401
ADD non resonant ((/yy 2y o 2e.p 47 M, 418 TeV a - IMZNLD 12111150
ADD QBH — (g ten 1j - 203 . 6 1211 2006
ADD BH hoh N, 2p(SS) 203 w0, My = 15 Tol. nonrot B8 1308.4078
ADD BH hgh ¥ py sleyp 22i - 203 o 6, My 1 STeV renent B | ATLAS-CONF-2014.018
RSY Gy {1 2en 2039 AMy =01 ANLAS CONP 2013017
ASY Guu = 27 — ligqy/iiit 2orden 2jor- - 1.0 |G 845 GeV Wy =01 12030718
RS Gape ~ WW < (vl 2en - Yos 47 Gy Madd 1.2 TeV AMs =01 1208 2000
Pk NS Gy — MM — bbb 4b 195 | Gux mass 590-710 GeV Il Ry 10 AlLAS-CONF-2014-005
Buk BS gyx v 1 fep ZIBZLIZ Yos 143 |x™am o 0s20 TV RR - 008 ATLAS CONF 2012082
S92, ED 2e.p 50 M ERY 471 TeV 12092505
UED 2y - Yos 40 | Compant scale RY 141 TeV ATLAS CONF 2012072
SSMZ° 11 2o.p 203 AILASCONF 2012007
SSM Z° - 11 2r - - 195 ATLAS CONF 2013 008
SSM W’ iy tou Yes 203 ATLAS CONT 2014017
EGM W - WZ < (vi'C" Jen - Yos 203 ATLAS-CONF-2014-015
LRSM IV",_ - b ten 20,00}  Yos 143 ATLASCONF 201305
Cl quuy - 2) - 48 A 7.8 TeV o=+l 2107
O Clggtt e 50 |a POTHN e 21
Cl wutt 2¢,p(55) z1h z1) 143 1€ -t ATLAS-CONF-2013-054
g L1 T DS operalor 12) Yos 105 oSS CL b oy ) < 80 GeV )mhsrmrmn 147
EFT DA cparmior - 1421 Yes 203 ol 90% CL &> my ) < 100 CeV LM% 4017
Scalar LO 17 gen Ze 22 - 10 PO 660 GoV gl 11124020
O scawi027 g 2p 22f - 10 | 685 GeV g1 12072
Scalar LO 3 gen Tepts TR 47 owess 534 GeV LI 100 0528
Vectorbkn quark TT — M + X tep 22L24) Yas 143 T i (180 dostiet ATLAS.CONF 201 3018
Voctor ko quark TT «« Wb+ X tep 21023 Yos 143 nsepen unglet ATLAS CONF 2013 060
Vector-ke quark AR — 7b + X 2ep z2b - 143 B0 (1Y) deubiet ATLAS-CONF-2013-008
Voctor o Quark B8 » Wr + X 2¢,0(SS) >1b>1) Yos 143 B in (T.8) doubies ATLAS CONF 2013081
Fxoted quark ¢° -~ gy 1y 1) - 203 oy o' e & A - mle) 130937%
Exotod quark §° -+ g 2) 130 only o' a3 A w miq') ATLAS CONF 2012 148
Exoted quark b' - Wt for2ep 1D 2j0r1| Yos 47 et harded couping 13044500
Excited lagten  — (y 2ep 1y - - 120 Aw 22TV 12081 204
LRSM Majomna v 2e.p 2) 2 N rans 15TeV m{We) 2TV no mixing 1200 5420
Typo M Sevsaw 2ep - - T8 | N*mase 245GeV IV 10 086, |V, )=0 D63, |V, 10 ATLAS CONF 2013019
g Miggs Wl M' " it 2e.0(88) 47 | mass 409 GeV OF producton, MR+ (1)) 12105070
Muti-charged parscius - - - 44 mul-changed partichs mass 490 GeV OF producton, gl = 4e T IE ar 4
Magnolic monopolos 20 monopole macs 862 GeV DY prodecton, gl 14p 1207 8411
s aaal M s PSS | 2 A A s 2 a3l M s PR
10 1 0 Mass scale [TeV]
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ATLAS Exotics Searches” - 95% CL Exclusion ATLAS Preliminary
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ATLAS Exotics Searches* - 95% CL Exclusion
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| EAVE ANY SCALE BEHIND!




B S MAKE SURE NOT s
| EAVE ANY SCALE BEHIND!

*Not just a commentary on the USA
being left behind on the Energy Frontier



THE ONLY NEW PHYSICS WE'VE
FOUND SO FAR IS THE HIGGS

s there anyt
(reme

NiNg e

se lurking at the EVV scale!
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[t's difficult to go after this scale... It runs contrary to deep

ingrained desire of BSM experimentalists not to

trust theorists and do everything Iin a “data-driven” manner



DATA-DRIVEN SEARCHES.




DATA-DRIVEN SEARCHES. ..

» Based on being able to separate signal and control regions
* What If there isn't a good place where the signal isn't!

» Assumes shapes extrapolate almost perfectly, don't trust
MCs for normalizations...

* If there are exceptions, this doesn't just have dire
conseqguences for searches, but for the Higgs as well In
principle!



ARE THERE ANY POTENTIAL
DISCREPANCIES IN THE DATA!

» some discrepancies:?
pr of the individual top quarks in tt

pr of the leptons in Wt W~

» difficult to describe both minimum bias (MB) and
underlying event (UE) data with the same tune

» http://mcplots.cern.ch

a good overview of the distributions and comparisons
(for many event generators and tunes)

“There are some disagreements between ATLAS and CMS on which
ones.
SM (Fermilab) Pythia8 for Beyond the Standard Model (BSM) Physics May 17, 2014 7 /33

S. Mrenna Talk



ARE THERE ANY POTENTIAL
DISCREPANCIES IN THE DATA!

» some discrepancies:?
pr of the individual top quarks in tt
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» difficult to describe both minimum : : :
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a good overview of the distributions and comparisons
(for many event generators and tunes)
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ones.
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S. Mrenna Talk



BHICRE S MORE IO

Apr 2014 CMS Preliminary
CMS measurements T 7 TeV CMS measuremenlt (exp+th) ——0—+—
vs. NLO theory 8 TeV CMS measurement (exp+th) ——®——
YY, NNLOth)  —— o — 1.04 £+0.11+£0.09 5.0fb
Wy F— o —  1.16 £0.13+0.06 5.0fb’
Zy ——o0—— 0.98 £0.05+0.05 5.0fb"
WW+WZ — o — 1.05+0.20 £0.03 49fb’
WW — o—+ 1.11+£0.11£0.04 49fb"
Ww — * — 1.22+0.12+0.04 3.5fb"
WZ ———o—+ 1.17+0.10+£0.03 4.9fb’
Wz ——e——+— 1.12+0.08 +0.05 19.6fb"
Y — o — 0.99+0.15+0.06 4.9fb"
27 —t———— 1.00+0.10 £0.08 19.6fb"
. . . ! | ! ! . . I . . . .
0.5 1 1.5 2
wercemencaony - roduction Cross Section Ratio: 6,/ o,



Standard Model Production Cross Section Measurements <. riaen 2014
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VISUAL “EVIDENCE"

! | | ! |
 ———  CMSWW-IvIv (354107, 8TeV) >3 sigma by naive
7 M. 1. . |
§ <M-MP-12-013 combination. ..
, Theory:
j%__ CMS WWoiviv (4.92 fb™, 7 TeV) s S W —
7 CMS-SMP-12-005 NIEC) @Y
+ gg—>WTW™
%__ ATLAS WW—/viv (4.6 fb™, 7 TeV)
% arXiv:1210.2979 |
(enerators:
7777 Theory
WW Cross Section Results ~ Stat. Uncertainty WC@[\ _O’
— Total Uncertainty D OW :G
| I | | | | I | | | | | __ ,
50 100 150 MG, MG R

[PP]  The Kitchen Sink



vV CROSS SEC TS

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

+ SMWW at{ 57 ATLAS?, CI\’IS8ATLA58
+ h—WW at CMS7, ATLAS7, CMS8, ATLASS

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

than the SM



NOT JUST THE SM GROUPS

Contro\ Region estimates at 8TeV-ATLAS

Estimat Nobs Npkg Ngig Nww Nyy Nii N; NZ/y* Nw+ jets

WW , A o
] O 2224 1970 17> 31+0.7 _ 93> 100+6.8 152 +4.4 107 £4.3 68 £ 10 160+ 3.6
Nic ':' 9T 1893+ 17 1.9+0.3 752+ 6.8 88+35.5 717+9.5 243 +£6.7 37+7.5 56+2.5

FuH Ium|nOS|t>/ @ 3 leV!

Discrepancy must exist with
full lumi when SM groups publish




The Nobel Prize in Physics

NOT |2013 U

Control Ri \[LAS

Estimate Nobs Ny ¥ Nw jets
W -
! c 2224 1970 10 160+ 3.6
\ 8971389 7.5 56+2.5
Photo: A. Mahmoud Photo: A. Mahmoud
Frangois Englert Peter W. Higgs

| | ‘ | l Prize share: 1/2 Prize share: 1/2 v '
u e |

The Nobel Prize in Physics 2013 was awarded jointly to Francois
Englert and Peter W. Higgs “for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider"”

Discrepancy must exist with

full lumi when SM groups publish



vV CROSS SEC TS

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

+ SMWW at{ 57 ATLAS?, CI\’IS8ATLA58
+ h—WW at CMS7, ATLAS7, CMS8, ATLASS

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

than the SM

NOT BicepZ high... only a few sigma



vV CROSS SEC TS

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

* SMWW at{ 57 ATLAS?, CMS8ATLA58
+ h—WW at CMS7, ATLAS7, CMS8, ATLASS

* What's the status?
Every reported™

tha

NOT Bicep2 high..
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NO EXTRA NORMALIZATION...
I - |
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B> 0 1BV 50/F8

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!

o(8)

o (7)

th

— %

o(8)

o(7)

exp

=



Upward fluctuations in all measurements OF a trend?

lfa trend... thEN what explains 87

SM calculation New Physics
wrong

i QC D!

Need around a 20%

effect on W\WII!



A LONG AND WINDING TALE...




INGREDIENTS FOR AN EXPLANATION

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

Jotal S Ndata — Nokg
OWWxAWWxBRX£

Cross section

(q n'+
q W~ 9 W=

?’?’% M
5 ~3%

g W

TGO vertex

~10% Wt

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
[ERVETO

* Final state needs to be OS5 leptons+MET with nothing else
essentially

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

* Need a cross section of a few pb!



ERAMPLE SUSY OPOLOGHES

FOR VWVW T IMET
e

<
'

9
4 {:‘J 9 -
M >w'~}> \\__.y,'

11’
A few pb implies O(100) GeV surely this Is ruled out??!



EXAMPLE SUSY TOPOLOGIES
FOR “WW"'+MET

A few pb implies O(100) GeV surely this Is ruled out??!
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BETTER THAN OKAY!
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CHARGINOS FROM STRONG
PRODUCTION!?

o xTb=a Wb 302w
+ Rolbiecki and Sakural

\° é = 1303.5696
e A
3 toxt
™. » X
(\o g




CHARGINOS FROM STRONG
PRODUCTION!?

o xTb=a Wb 302w

Squeeze the b's and you Rolbiecki and Sakurai
oset WW production 505 SePe

v2: [ATLAS7, CMS7, CMS8]

m%? [GeV]

160 180 200 220 240 260 280 300
ITL [GeV]
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BEEF TONS DO A LOT MO

Bino DM works wit
ight sleptons - BLU
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15 i)

160 -

o-2 anomaly -
RED Dashed

g L
5 140
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WW improvement -
RED contours

100 -

8onlj gAY . Ay (N T~

_>>_ ., This model ALSO
changes the interpretation

(b) tan 8 = 4, p = 600 GeV of the Higgs!



MANY MORE POSSIBILITIES

B Etn, PM, B Tien (1406500 tomorrow: e riise

One Light Stop Two Light Stops

W from EWino W from Stop : W T _EWino W from Stop
X%f w1 T >~<8,t WO Z __%% ~ 200 GeV
voos [W 0
Al W= by 7, W+
\
. b

by

A\
04 %

YOU CAN HAVE NATURAL
SUSY AS ENVISIONED

by A/
N3 ~ 100 GeV
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'f;f, production

Status: Moriond 2014

—  ATLAS Preliminary

| === (Observed limits

| === Expected limits

L All limits at 95% CL

- CDF 2.6 fb ' [1203.4171]
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oL, 71—> t ’io

1L, -1 %

2L, {17,

2L, > Wb,

oL, mono-jet/c-tag.?,—» c 2‘:

OL, M. =M. + 5 GeV

1-2L,1, > b%,. m_ =106 GeV
L, - b7, m, =150 GeV
2L, 4, = b, m, =m; - 10 GeV
2L, > by, m, =2x mys

L, =20-21fb" 1s=8 TeV

OL ATLAS-CONF-2013-024

1L ATLAS-CONF-2013-037

2L [1403.4853)

2L [1403.4853)

OL mono-jetictag, CONF-2013-068
OL [1308.2631)

2L [1403.4853)

1L CONF-2013-037, OL [1308.2631)
2L [1403.4853]

1L CONF-2013-037, 2L [1403.4853)

L, =47 1s=7 TeV —

OL [1208.1447)
1L [1208.2590)
2L [1209.4186)

2L [1208.4305), 1-2L [1209.2102)

1-2L [1209.2102) -

= ~0 ,7 ~0 ,7 ~0
t1—>c7(1/t1—>Wb)(1 /t1—>t)(1
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ATLAS 8 stop search
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ATLAS 8 trilepton search
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(a) ATLAS 7 TeV 5 fb™! [18]
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ATLAS 8 trilepton search

100

m o [GeV]

Exclusion from WW
Preferred by WW
ATLAS 8 stop search
ATLAS 7 stop search
ATLAS 8 trilepton search

moo[GeV]

(c) CMS 8 TeV 3.5 fb~' [20]

(b) CMS 7 TeV 5 fb™! [19]




m;l [GCV]

350

300

200

150

Exclusion from WW
Preferred by WW
ATLAS 8 stop search
ATLAS 7 stop search
ATLAS 8 trilepton search

Anomaly was based
on OS dileptons

N Somehow trileptons

love light stops...?

(c) CMS 8 TeV 3.5

fb~" [20]



EAVEATIS OF COURSS

* Doesn't account for Higgs Mass, but go to D-terms/NMSSM/

model build

* light stops will affect higgs couplings via loops! Status Is still

uncertain...
1000F — T T T T T T 1000
| ATLASRE

800; , 800 |-
%; 600; %; 600;
Q) ’ 9 ’
3 , , £ ,

400 - 1 400 -

200; , 200;

200 400 600 800 1000
m;, [GeV]
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400 600
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|. Fan, M. Reece

[ 40l or
_|_

Private Comm.



EANT POSSIBILITIESSS

* Charginos at O(100) GeV D. Curtin, P Jaiswal, PM 1206.6888
Rolbiecki and Sakurail 303.5696
N Sleptons 4t O( | OO) i D. Curtin, P Jaiswal, PM, PTien [304.701 |

D. Curtin, PM, P Tien 1406.xxxx (wednesday night EDT)
Kim, Rolbiecki, Sakural, Tattersall [406.xxxx (wednesday night

+ Stops at O(200) GeV DT

« Consistent with other LHC Data

 Can explain DM/g-2

 Can give a natural SUSY spectra

[t Just seems easier to do than many other “excesses”

top Arp ,multi-muons, CDF W|j,
CDF inclusive signal charged particle




S TADLE CONSEQUENESS
OF NEW PHYSICS

» Charginos lead to SS dileptons
» Sleptons lead to a flavor diagonal excess
» Stops eventually lead to higgs shifts/trileptons/soft b searches

* Important to note that all of these are NP signatures that
IMIBR@VEon the SM as we know It...

» Other new physics can/is being hidden normally within error
bars, even If the parameter space Is cut it will be important to

look at these possibilities that live in the “space beyond
SRGerS. ..



B SM/EPER\MENTAL POSS\B\UT\ES”? H

e ——— —

» Backgrounds Wrong - Negligible effect?

* WW cross section wrong (k-factors |.6ish need a 20%
NNLO effect, not demonstrated in ZZ very recently)

* higgs Interferes destructively
 EVW NLO reduces as well

* Systematics

WY DOES o(pp — Z2Z2) AGREES



1405 7)) |9 ZZ production at hadron colliders in NNLO QCD

F. CascioLi®, T. GEHRMANN® M. GRAzzINI®* S. KALLWEIT®, P. MAIERHOFER®
A. vON MANTEUFFEL®, S. P0ozzORINI® D. RATHLEV®, L. TANCREDI® and E. WEIHS®

20

1.1
1.0

0.9"

15
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<2% effect...



FOVY DO WE IMPROVE QG
PREDICTION?

* NNLO
« Resummation for WW
* threshold (spawson et al 1307.3249)

° pT resummation (Grazzini 0510337, Wang et al, 1307.7520, PM, H. Ramani, M.Zeng to
appear)

BeLvelo



A. Larkoski

Resum large logarithms:

do
dO

do 4
aO

Age-old procedure

Leading Logarithms
Next-to-Leading Logarithms

' | |

~~
S
-
-
-
bl

1
= (s + -+ ) exp E (alog" ™ O+ allog" O+ ---)
N _
) Methods of resummation
," \‘ Resummation Region Analytical Effective Theory Methods:
v 0N Resummaton by renormalization
: \‘ Monte Carlo Parton Shower:
.-' y- Fixed-Order Region Numerical approximation to
! all-orders matrix element

2

Whenever -
wheneve

‘here's factorization, there's evolution, and
ailifcere s evolution there's restimkn IS
G.Sterman




TRANSVERSE MOMEN TUM
RESUMMATION

> T T T T ] -
@ 600~ ATLAS Preliminary —+— Data ~
o B 1 (] Diboson ]
Z  soob det - 4.70fb B V- jetdijet 3
g - \s =7TeV [ top .
2 400F —— [ Drell-Yan =
- | C_ I WW-lviv -

: [::j ostat+syst ’

300 —

- 4 -

2002 -
b -

100 e —_

OO

20 40 60 80 100
p_(IET*)[GeV]

Gliven the jet veto, this all i1s dependent on soft QCD

Need this to get things right like VW mass measurements

(DO used Collins, Soper, Sterman formalism to attain
precision)




DIFFERENCES W/ PARTON SHOWER
ResBos WEBSITE

Analytical Q’l‘ resummation

Parton showering programs
(Pythia, MC@NLO, Sherpa...)

e cvaluate(s) effects of multiple parton radiation in hadronic scattering

e applies to a restricted class of processes and observables (e.g., lepton
distributions in Drell-Yan-like processes); inclusive with respect to hadronic
radiation

eapply to a wide range of observables; exclusive with respect to hadronic
radiation

e is proved to all orders in the QCD coupling by special factorization theorems
devised for each qualified observable

e streamlined computation of higher-order corrections and high-pT
contributions

e no factorization proofs for individual observables

e beyond the leading order, radiative contributions and high-pT tails may be
difficult to implement

e NLO QT resummation formulated in 1979-1997;
modern Q.. resummation approaches NNLO accuracy

e modern showering programs approach NLO accuracy

e resummation of all logarithms In QT2/Q2

e nonperturbative contributions are constrained by invoking their universality
in the considered class of processes

e resummation of leading logarithms /n QTZ/QZ

e nonperturbative scattering is evaluated in one of several available models

e more strict and precise; relies on first principles of perturbative QCD

e more flexible; more parameters to tune to describe various hadronic
scattering effects

ITransverse momentum resummation changes
shape not cross section!




CAN'T DO THIS SOLELY ANALY TICALLY -
FDUCIAL CROSS SECTHCHS

O fid — O'totalé.A.BT

However If resummation causes a shape difference...

do/d
J{ ¢ do/dg

oy
0.020—ll \

[
0.015 |

0015 |-
-~ shape2 ] --- shape2

— shapel 0.010;,' — shapel

0.005 f

0‘000 i I I I I | I I I I T I - ? I I J
0 100 ¢ 40 ¢

Shape effect translates

Full Phase-space. to different
Both curves Normalized to unity. Fiducial cross-section



N GE | LARGE SHAPE DIFFERENIGSS
FROM MATCHING IN RESUMMATION

* There are various different ways to do transverse momentum
resummation, typically you don't work in gT you work in “b”
space - problem is how to deal with small gl

* Work In gl space directly in some approx (Dokshitzer and
others)

» CSS formalism - cut off b space softly (ResBos uses this)

» CDG formalism - play with contour integral in b space

« others as well



CAN G

"ROM MATCHING IN R

= LARG

= BHAL

DIFF

=1

-SSUMMAT

-NC

* We use CDG formalism, in this there is a matching/
resummation scale Q between fixed order and resummation

do/dq, [pb/GeV ]

/ \
A5 | I

Q variation more
important than
hard scale

ON

PM, H. Ramtcisil

M. Zeng
| 406.xxx%

Imple
at a

mented

DProx

ININ SR



THE PROBLEM WITH TRANVSERSE MOMENTUM
RESUMMATION AND COLLIDERS

* We don't have events, we've summed over all our gluons!

* There isn't an “unfolded” WWV pt from experiments

ave to come up with a proxy to get to fiducial cross
section... come up with proxy, reweight MC events a la the
Higgs sroup to see It underlying differences persist




FIDUCIAL CROSS SECTION
EFFEC |5 EXANMPES

Cut-flow vs reweighted events

Cut

exactly 1 pair of oppositely
charged leptons +MET

Pt and’]cuts on leptons
mll cuts
ETMiss,rel
Jet Veto
PTII

-0.32%

0.06%

1.16%
8.37%
8.50%




PRELIMINARY 8 TEV RESULTS

Percentage Percentage Percentage
Increase Increase Increase
Q=mW/2 Q=mW Q=2mW
Powheg+Pythia 4.05 0.16 -5.35%
ACEGINEC 8.50 2.08 -0.82
+Herwig
Madgraph 1.13 -5.94 -8.88
+Pythia

Transverse Momentum Resummation can have an effect,
but 1t should be UNIVERSAL. ..




ZZ RESULTS JUST OUT

\s=8TeV,L=19.6 fb"

< 1_2_"'I""""'I"'I"'I"'I'_
8 i —e— Unfolded data
= 1= Total uncertainty —
= i L lzz i
o o8k —— MCFM NLO ]
N L i
\l\_l/ \\x\\&\x\\ ]
e o6k " —]
o I Z
B | _
o 0.4 —
ge. i i
2 o02f 4+ -
] S i
O_I PRI N T T AN T T M IR m.. — -
0 20 40 60 80 100 120 140
ZZp_ (GeV)

Data/MC

The agreement between PowHEG and ZZ is very good

Correlation then with PowHEG
and resummation in VWWWV Is crucial



ERFLORING [ET VETO EFFECSSS
DIRECTLY?

* Jet veto scale ~25-30 GeV introduces a new scale In the
broblem, and hence logs

* A number of groups have investigated this for Higgs/Drell-Yan

Banfi, Salam, Zanderighi/Stewart, Tackmann, Walsh, Zuberi and others

* This should be studied directly for SM WW
» Similar to Banfi et al 1203.5/7/3 comparison between Hal

and et vetoes



EONCLUSIONSS

* [here could be BSM right around the corner: understand WW!!!

» Charginos, Sleptons, Stops all can fit better than the SM, or certainly exist at low

- Can also set new bounds better than experimentalists using SM cross sections!
|304.701 |

* Important to get QCD predictions/MC as accurate as possible to push back on
experimentalists

» Transverse momentum resummation can have an effect on WWV, but it can go both wa
and we have to understand the best scale choice

* jet veto resummation or joint pt/eta resummation would be useful to investigate
 Experimentalists need to care just as much about background shapes as signal

* Crucially important to get EW scale correct before pushing higher; as it can have serious
implications for Higgs physics! Experimentalists also tend not to revisit things. ..



