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Drell-Yan processes

@ precision measurement of EW parameters (MW, sin? 6 w)
@ background to new physics searches (Z',W’, more exotic states)
@ constraints to PDFs

@ improvements in Montecarlo codes and in matrix element calculations
@ progress in the development of PDF sets with QED evolution
@ discussion of observables sensitive to the different parton density
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Montecarlo developments

@ the MW measurement at the 10 MeV level requires a control at the per mille level of the shape of the distributions
@ new POWHEG release includes consistently NLO-(QCD+EW) matched with (QCD+QED) Parton Shower
relevance of mixed higher order O(a & _s) terms, both in NC and CC channels

see talk by L.Barze
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@ the full NLO-EW calculations imply, at parton level, the appearance of initial state QED collinear singularities
which have to be subtracted and reabsorbed into an appropriate redefinition of the parton densities,
whose evolution should be governed also by a QED kernel
existing set MRST2004QED

recent progress by NNPDF to include QED evolution see talk by S.Carrazza
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PDF including with QED evolution see taik by s.carrazza
@ the photon density has been extracted by NNPDF fitting DIS data and including LHC data (771, yZ, inv.mass) via reweighting

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?
2 ‘ :, - T v v T 0.25 T T T" L | T T T LI
I A \ MAST2004qed N MAST200400d ,
I \ i —— — NNPDF2.3QED AW average | b —— — NNPDF2.3 QED AW sverage
| \ | S NNPDF2.3 QED AW SS%cl | 02l NNPDF2.3 QED AW S8%c). ]
15 ! — — NNPDF23CEDaverage  _| 8 — — NNPDF23 GED average
: \ Y e NNPDF23 CED 6% c.l F e NNPDF23 CED 68% c.
- \ i 015 -
T b \ b N el A
< 1 \ LY x N
[ \ Y ] T o ]
0.5 \\ ",, -
L \\{j.'
G Il 1 ) il
10° 10* 10°® « 10?2 10" 1

@ the photon density can be constrained from Drell-Yan data;
the process v ¥ —I'I” contributes at Born level

) ATLAS 2010, Z - I'T ATLAS 2011, Z— e’
- e PDF set x2/d.o.f.
& 8
P g 1 NLO pure QCD 0.830
bR [ §E [ o NLO + Photon DIS | 5.715
NNPDF2.3NLO 10° NNPDF2.3 NLO
"" B NNPDF2.3 NLO ¥ QED S NNPDF2.3 NLO +7 QED NLO + Photon RW 0.590

Theory/Data
Theory/Data

OO ==-o

A wao ko @

05 T ™52 z5 3 5 r
Y m,, [GeV]

A.Oh, M.Stoye, A.Vicini - Summary of WG3 DIS 2013 Marseille, April 26th 2013



CMS Preliminary
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see talks by E. Yatsenko (ATLAS) and

Drell-Yan processes: ptZ A.Khukhunashvili (CMS)

@ the lepton pair (gauge boson) transverse momentum distribution plays a crucial role in the MW measurement
because it enters in the description of the W lepton pt and lepton-pair transverse mass

@ the measurement of ptZ represent an important test of QCD, but it is quite hard from the experimental point of view
and is sensitive to QCD details to all orders and to non-perturbative effects
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@ the Parton Shower parameters controlling the non-perturbative low-energy physics can be fitted from the data

@ for precision measurements, where NLO accuracy is crucial,
the tuning of POWHEG + PYTHIA rather than PYTHIA stand alone is mandatory

@ accounting for QED radiation effects is important for an accurate tuning

@ the exclusive signature V+jet can help to constrain the gluon density, thanks to the important contribution of the
gluon-induced subprocess qg—Vq, and the strange density in the W+charm final state
see talks by Du Pree and by Vryonidou
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Drell-Yan processes. P * see talks by E. Yatsenko (ATLAS) and L.Tomlinson

@ a new variable introduced 3 years ago is ®*, probing the same physics / phase-space region of ptZ,
with a simpler definition in terms only of the measurement of angles
with the possibility of a finer binning in the region interested by non-perturbative effects, which can be better fitted from
the data
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Impact of PDF uncertainties on precision observables
see talk by R.Caputo
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see talk by J.Rojo

W determination at the LHC ) _ )
NLO-QCD, normaiized ransverse mass cistiouion @ template fit technique applied to PDF replicas treated as pseudodata;
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Implications of precision measurements: BS

80.50

@ which could be the implications
of a very precise MW measurement?

80.45

@ is a |10 MeV measurement possible? is 5 MeV conceivable?
are PDFs a limiting factor?
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80.40

@ which is the precise correlation between PDFs and
the observables from which we extract MW?

80.35 -

@ progress in the understanding of EW corrections to
dijet production (relevant for large-x gluon determination)
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the size of the corrections depends on the observable see talk by A.Huss

see talk by I.Masina
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Higgs results see talk by S.Meola
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important a separate parametrization for up/down type quarks (relevant in 2HDM like MSSM)

see talks
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Diboson production cross sections
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Diboson production

U Sensitive at Pr > 120 GeV

TGC vertex
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and anomalous couplings measurements

see talk by M.Zeman

@ the results are compatible with
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Natural SUSY

MET from x" (LSP)

10% Fine Tuning: ©iudice 95

M,,...< 600GeV
* Myuino < 1400GeV
=» 3rd generation squark
searches

stops

Direct production

* Production cross-section
small and significant
background (e.g. tt).

« Sophisticated methods e.g.
hadronic top tagging.
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A oL, m.= tho + 5 GeV OL ATLAS-CONF-2012-171 -
....... Observed limits (-10y0,)  pmmmm 1-2L.%,— bi%;, m, = 106 GeV 21 11208.4308], 1-2L [1209.2102]
- 1L,T, — b+’, m__= 150 GeV
] FLLLIS co
=== EXxpected limits 2LT - b+%1’ m:l = m; 10 GeV o
10 e x 1L ATLAS-CONF-2013-037 1-2L [1209.2102] -

=207 1

)

Talk: Prisoillgs,Pani
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* Mgy limit > 500 GeV
» No sensitivity to M~

M sp*M

top

and high M, ¢p

m; [GeV]
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Gluino induced 3" generation squarks
4\W Branching Ratio

Spectacular events, many jets, b-

tags and leptons =» small
background

Sensitivity expected also for
I\/IstopwlvlLSP-l-lvI
Good S/B

top

LSP mass [GeV]

HO lepton
H1 lepton
H2 lepton
B3 |epton

B4 lepton

*  One lepton
19.4 fb

* Nolepton 19.4
fb-1

* same sign
leptons 10.5
fb-"

« 23 leptons 9.2
fb-1

g-g productlon g— t t% X

800 CMS Pre||m|nary — SUS-12-024 0-lep (E +H,) 19.4 fb'—]
- — —— SUS-13-007 1-lep (n_ = 6) 19.4 fb™'
~00 [ Morlcs)l‘;l(-.'?\ZIO'l 3 —— SUS-12-029 2-lep (SS+b) 10.5 fb~' _]
- — SUS-12-026 (MultiLepton) 9.2 fb ™’ E
- — Observed —
600 TR Observed -1 Stheory FEOER 2000 5 -]
— Expected i P A T LT S =
500 :— """""""" —
400~ A AT el : —
- Loukas Go skos A
300 —
- Robert sch vefbeck 3
200 |- .- —
100 — —
= H E | -
C | |‘ ien | 1

gOO 600 700 800 900 'iOOO 1100 1200 1300 1400 1500

- M

gluino

> (1.2) TeV and for M qp < 500 GeV

pluino mass [GeV]
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CMS Preliminary

RPV (low MET) SUSY

R-Parity Violating SUSY =» no LSP, i.e. small MET
stop pair:

\s=8TeV,L, =195 fb™

T T ‘ T T T T
Stop RPV A

‘ T T T T I T T T
233

observed 95% CLs Limits

Theory uncertainty (NLO+NLL

expected 95% CLs Limits

expected i10exp

| |
T A A

erimental

Talk: Peter Thomassen -

it —tx 'ty

T—>Uuv,

I I
700

500
Multi-lepton search

| ‘ | |
900

| | ‘ | |
1000

| | ‘ | | | | I | |
1100 1200

m. (GeV)

t

m.[GeV]

950
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750

Gluino induced

§-g and Tt production, §— 1t, T (RPV)— bs
T 8 T T T 7T

YY{YYYY{YTYT{TYT(;I:»‘YYYT{\\
F ATLAS Preliminary

E fL dt =20.7 fb”, V=8 TeV

; 2 same-charge leptons + jets

F Observed limit (=1 opuoy)

_____ Expected limit (=1 o)
Al limits at 95% CL

: Talk: Carolina Deluca

|
Numbers give 95% CL excluded model cross sections [fb]

700 —
= ~ o~ 3
- gg—>Iitt 1
600 =
550 ~ —
500 t > b S bl —
450 E 111 l 1 l/‘l‘ 1 l 1111 l 111 ‘1"31 1 111 l ‘lp’kl 1 l ‘ Il \" \ Il T’H‘l 1 1 .
600 650 700 750 800 850 900 950 1000

my [GeV]

Same sign leptons+btags

Limits M

gluino

stop

Truly spectacular signatures used to search for RPV SUSY
Many leptons or same sign and/or jets btags required

(>900 GeV) and M
on RPV caracterisrics

(>800 GeV) depending
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Direct EWKinos Production

; 6007 L | T T T 7T | LI T | L T | T T | T |
11 7 [} L P -4
natural Spectrum Example illustrations 8 [ ATLAS Preliminary = Observed it (1632
M £¥500 - [Ldt=2071" is=8 Tev -=--- Expected limit (+104;) |
7 4 L =TV UG IR Ev) ATLAS 13.0 b™, {5 = 8 TeV
/ / C . :;n IJ:/:??T:J)(I; V) if All limits at 95% CL ]
1Tev | e P Nl O meemy B
The “Nuclear Family” T ! . w 3leptons~— R
of the Higgs ; B P ¢ - ]
7 Xt '\'\ , - 1
B 200 — ]
500 GeV_| b2 ’ ] 1
br A Z 100 - !
79 7 (—) i x N d{ . Talk Marco Agustlno :
p— S T . NNH -
R — t o Qoo 200 3(|)o 400 500 600 700
i (=)0 ) e, (G
p1 I CMS Preliminary Vs=8TeV,L_ =9.2fb"
:‘V‘\_\ > - LEP2septontmit
(2‘ 800 i Il LEP2 charglno limit ]
. . o - —pp—>xx (1., BF(I*1)=0.5) ,
« Small x-section, but clean signature £ [ e damreney e ]
600 pp — %, %, (noT, BF(WZ)= 1) e —
« MET and leptons and/or V-Bosons - ppﬁii T BRIy o |
« Very few background 400} Comg'neq,.CMS §
- 7 ]
200 (0 };% ........ \\\\\\\\ ) -
Exclusions > few hundred GeV ” “:T'al\k Peter Thomasseh :

for M, gp< 300 GeV

‘POO 200 300 400 500 600 700

m.,=0.5m_. + 0.5m_,
U % %

m_. =m_, [GeV]
% X,
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(Resonant) BSM searches

* di-boson:
V', technicolor, graviton ...
* di-jets:
string resonances, scalar diquarks, excited quarks,
axigluons, color-octet colorons, technicolor s8
resonances, W', Z', graviton ...
* jets + leptons:
VLQ, leptophobic Z', ...
 multi-lepton:
Heavy fermions, excited leptons, 4" generation
quark, H™, ...
* Multileptons and y:
Excited leptons, ...

Examples in the following slides

M. Stoye, CERN; A. Vicini, Milan; A. Oh, Manchester



Di-Boson Resonances

di-boson: e.g. graviton
« ZZ->lljj narrow resonance search for =
RS graviton. __G
 Enhanced x-section to ZZ.
» Resolved and Merged jet region (>1 7
TeV) to cover large mass range.

> T l T T T T [ T T T T I T T T T I;
8 ATLAS Preliminary — Data . = : T S
5 1 T3 Z+jets a B RS Graviton, k/mg 4= 1.0 ]|
8 10 \s=8TeV, |Ldt=7210" %WW/WZ/ZZ — —e— Observed 95% nge: Limit _|
5 Z—ee+Z-pp 3\/+jets NIRRT NEE T L A Expected 95% Upper Limit
S 10*E Resolved Selection - mG " = o GeV T 1F B +1o =
@ f 0] - [ 20 .
E o ATLAS Preliminary N
] = \s=8TeV, |Ldt=721" |
3 G107
1 T =
i Q N
e g N\
] © N
. ! ﬂﬂT i | see talk of Peter Losc}sqoh:l:
! . - : . d 13 sl
500 1000 1500 2000 10 400 600 800 1000 1200 1400 1600 1800 2000
m(lljj) [GeV] mg- [GeV]
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Di-jet Resonances

di-jets:

Many models can be covered

Model | Final State Obs. Mass Excl. Exp. Mass Excl. |
[TeV] [TeV]

String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]
E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50]
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87]
Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]
W’ Boson (W’) qq [1.20,2.29] [1.20,2.28]
Z' Boson (Z') qq [1.20,1.68] [1.20,1.87]
RS Graviton (G) qa-+gg [1.20,1.58] [1.20,1.43]

* No excess found
e Limits reach up to 5 TeV

JES Uncertainty

W’ (1.9 TeV)

CMS Preliminary
Vs=8TeV, L=19.6 fb'
hl<25,1An1<1.3

.
‘\ A/C(3.6TeV) __

m; >890 GeV/ , Wide Jets

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV)

» B-tags added
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é 10 RS Graviton
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n 10° \v
B 02
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S
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tt pair-Resonances

Semi and fully leptonic top pairs used
require b-tagged jet and boosted jets
dominant background source multi-jets,

use data driven methods.

Using Hep top-tagger and template-top

tagger
e
o 6
': 10 @ Single top [JW+jets
o 10° EMulti-jets [@Z+ets
c [JDiboson
o 10°
L 103
10°Ef .

1
2

1
0

2

%

bttt ————— l bl ‘
7
0 05 1 15 2 25 3 _35
m, [TeV]

Data/MC

Oy, % BR(g,, — tt) [pb]
2

T l LI T l T T T I T T T I T T T
—— Obs. 95% CL upper limit

....... Exp. 959% CL upper limit

[ Exp. 10 uncertainty
Exp. 2 o uncertainty

=== Kaluza-Klein gluon (LO)

ATLAS Preliminary

Talk: Jordan Webster

0.8 1

L 1 '
12 1.4 16 18 " 2

g,, mass [TeV]

10° [Ldi=466M"

oy, * BR(g,— t1) [pb]
2,

L} I T LI I T T
N5=7TeV

I—— Olbs. 05% ICL upperllimit
------- Exp. 95% CL upper limit
[ Exp. 10 uncertainty
Exp. 2 & uncertainty
mmmm Kaluza-Klein gluon (LO)

ATLAS Preliminary
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Z’ and W’ to leptons

my- = 2.4 TeV

== prediction ) )
== prediction w/o interf.

-
=

da |dmy
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Talk: Elena Accomando

0.0 - ! - . . ;
O 200 400 600 800 1000 1200 1400

mr [GeV]

* Interference between SM and
BSM can be significant

« Presented CMS analysis did
take this already into account

 Interference also relevant for
other signatures

> 10E —— SMW
0 SSMS W'
< ——— SSMO W'
é 1? —— SSM W' (no interference)
+ SSM W' simulation (s =8 TeV
= | s
= & M, = 2400 GeV
T N S
102 i
- i
- n
107k Jl ||.I
- Talk: Phillip Millet |
- 1 Il 1 1 1 L 1 1 1 L 1 1 1 L 1 1 1 L L
10500 1000 1500 2000 _ 2500 3000
M. [GeV]

constructive destructive

Observed Limit m,,<3.80TeV m,,<3.10TeV
Expected Limit m,,<3.80TeV m,, <3.20TeV
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Long lived particles

BSM theories can predict long §or T Taas
lived particles: e s

10* é_ m, =100 GeV,, = 1 ni-(-ojay radius < 863 mm) —%
- Displaced vertices i
« Disappearing tracks (e.g. below) ol °
* Photons not pointing to vertex 1’

"g_ 10
. %X1* decaying into X, +m*
+- .
x*~decay in ;-
tracker

high-p; charged particle
interacting with TRT material

ATLAS
low-p+ charged particle scatte I Ldt=471f", s =7TeV
\ in materials resulting in badly : === Observed 95% CL limit ¢-10505")
measured trackp | Expected 95% CL limit €&10,,,)

---------- ATLAS (7 TeV, 1.02 fb™, strong prod.)

\
\ LEP2 exclusion
reconstructed tr: 1 —— s

107 8 7 'Stable’ g,

‘ 1
1 S i - tru rticle t I
alk: MatHeW King © patticie trac 100 150 200 250 300

L L m_. [GeV]
Pixel SCT TRT %
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Even longer lived particles

Several BMS model predict
“detector "stable heavy

particles

Special searches of ATLAS

and CMS presented for “slow

heavy particles.

Unusual inputs used:

« Time of flight used (e.g,
muon system CMS)

« dE/dx used of tracker

7

Special challenges for
reconstruction mastered

dE/dx vs momentum

CCCCCCCC minary V,
£ 200 g — B Data (V5=8 Tev)
§ 18~ : Bl MC: Q= 3 400 GeVi/e
= E - EE MC: Q=1 400 GeV/c 10%
< 46F _Mcozs 200 Gevie
—_ F LﬁmExcluded
BSM_7 10°
Signals <= o
10
SM —
""" 1
p (GeV/c)
O liminary o
%‘; K IC ve
o A Data-based SM prediction
?’ 10 il, P Gluine (M=1000 L:ge\/.-;-:w E .
g il - Signal
-~
f e Benchmark
L
L )\ ]
\ mass from
10—1 = A J "\J/r =
‘y L dE/dx
5 |
102"~ 500 1000
Mass (GeV/c?)
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Lepto-Quarks

Events

sl 3ol ]

10_1 0 ZEUSep (106 pb”, P,=-0.27), cos9‘<0 4 e
§ ------ SM (cosb*<0.4)

- HHHHHHHRHH A
—— S RamE T T

—

Nops/Npyeg
o
[yl

1
éi _
I i
: 4

> > ol

FTIN NENETS ATSTSE ATSVETE AVETErSl ATETAVIS A STETE AVETAVIN A AN VAT A

100 120 140 160 180 200 220 240 260 280 300 320

* Results from ZEUS and CMS.

* No evidence of lepto-quarks
observed.

« HERA and LHC limits
complementary.

l'lLQ‘IG"
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CMS Preliminary (s=8TeV 19.6 fb
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95% CL limits

wee CMS ppjj + pvjj (Exp.)
— CMS pvij (Obs.)
--= CMS pvjj (Exp.)
— CMS pyjj (Obs.)
=== CMS pujj (Exp.)

B CMS, 7 TeV, 5.0 fb'

e CMS iy + p1vjj (Obs.)

ATLAS, 7 TeV, 1.03 fb-

1
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1 | 1
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leptoquark BR

into lepton & quark

see talk of Carl VUOSAL
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WG3: Electroweak physics and searches

51 contributions

« Standard Model EW processes:

Z.Liang, M.Zeman, B.Linquist, T.Du Pree, J.Kraus, A.K hukhunaishvili,
K.Nikolics, S.Carrazza, J.Rojo, S.Tourneur, M.Kuze, E.Vryonidou, A.Huss,
C.Lange, B.Surrow, L.Barze, R.Caputo, L. Tomlinson, E.Yatsenko

* Higgs boson (SM and BSM):

S.Meola, A.Holzner, S.Choudhury, P.Giardino,J.Kraus,L. Perez, |.Masina,
P.llten, A.Perieanu, J.Andersen

« BSM searches:

M.Agustoni, P.Thomassen,L.Gouskos, P.Pani, E.Romera Adam, C.Deluca,
M.King, R.Schoefbeck, D.Pagano, K.Wichman, S.Zimmermann, P.Loscutoff,
P.Pais, R.Caminal Armadans, J.Webster, D.Yu, C.Vuosalo, P.Millet,
S.Schmitz, E.Accomando, S.Podolsky
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Resonant BSM searches

* multi-lepton: q :
Exited leptons .

> r-+~ 1+~ 1~ T
& . .«[ ATLAS Preliminary * Data 2012 7
§ 1:3 Ldt=13fb-1 ;:'},ets, diboson, tt a :
n R Bkg. uncertainty . . —
§ -t O, - 02,10 Tov Search for excited e* /u* using Iy
i o) = 03 10)Tov final state.
10E S
s |
1E |
10_1 PR | - |..!\|:ﬁ| . . .
400 e00 800 oo 2o v« Dominant background is Z +g, with
S 1S TATLAS Preiminaly ) breovean 2 smaller contributions from Z+jets,
I diboson, and ttbar.
C -'.:.\_\ -me.>A . . .
PRI — ATLAS s 57T * No significant excesses observed.
oF %o [Takpaiayu |4 ° PO =0.16 for m(lly) > 1050 GeV
— — *
i ~ ().
oF « Form(l*) = A, m(l*) <2.2TeV

15 25 3 excluded.

m,. [TeV]
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