2 35
Z
+T
=
%
D3
coé
25

From fiducial cross sections to total cross sections

Fiducial cross sections

T T I T I I
~ ATLAS —
py
I ' f L dt =33-36 pb™ -
| @ Data2010Ns=7TeV) total uncertainty |
O MsSTwos8 —-@-sta® sys
" [J HERAPDFL5 uncertainty .
— /A ABKMO09 68.3% CL ellipse area  —
| O JRO9 |
1 1 | 1 1 1 | 1 1 L | | |

od - BR(W — [¥) [nb]

P:(e)>20GeV, n<25

P.(v) > 25 GeV
m+(e v) > 40 GeV

Total cross sections

T
=)
>
< 65
A
=
@
m
803
5.5

N ‘ T T ‘ ‘
- ATLAS
1
f L dt = 33-36 pb
@ Data 2010 Ns =7 TeV) total uncertainty
O MSTwWo08 —@- sta @ sys @ acc
- [] HERAPDFL5 uncertainty
[ A ABKMO9 68.3% CL ellipse area
L O JRO9
ol L 1 1 L L | | | | | )
3.5 4 4.5

ot - BR(W — [) [nb]
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Uncertainties in W/Z cross section measurements

Electron channels (%) w wt W Z

Trigger 04 04 04 <0.1
Reconstruction 0.8 0.8 0.8 1.6
Identification 0.9 0.8 1.1 1.8
Isolation 03 03 0.3 —

Energy scale and resolution 0.5 05 0.5 0.2
Defective LAr channels 04 04 04 0.8
Charge misidentification <0.1 0.1 0.1 0.6
BHiss 0.8 0.7 1.0 —

Pile-up 03 03 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
QCD Background 0.4 04 04 0.7
EWK+tt Background 0.2 0.2 0.2 <0.1
CW/Z Theor. uncertainty 0.6 06 0.6 0.3
Total Exp. uncertainty 1.8 1.8 2.0 2.7
AW/Z Theor. uncertainty 14 16 1.9 1.9
Total excluding Luminosity 23 24 2.8 33

In addition: luminosity uncertainty +3.4%
(now better known in both experiments, better than +2%
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G,y * Br(W—> 1v) [nb]
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W and Z production cross sections at hadron colliders

E ©/0 ATLAS/CMSW—h eawees W (pP) —
| m/O0 ATLAS/CMS W'— I'v —_— W (pp) .g - ® ATLAS ZA*—Il  ======- Ziy* (pP)
| A/A ATLAS/CMSW—Iv .. W* (pp) k=2 O CMS zi*—1I — 2y (pp)
/0 CDFW-—(fe)v . = 1= ®/0 CDF Z/y*— ee/uw
= m/0 DOW-— (e/u)v e —_— - ® D0 Zy'wee
e vAatwoly e TuRE 0 - ® UAT Zytmee P
N 17y L A prs Y V.Y * L 0 UAl ZWtsun e
" e/0 PhenixW— (e )y .g@RE < M e
enix W'— (e/e’)v  ,.m®~~" . . - . .
e e e S, ATLAS Preliminary
"""""""" s B ,""
et e e T T e e Data 2010 (\'s = 7 TeV)
= T T Data 2010 (\'s = 7 TeV) @ I
< o F ’
: ““““““““ o " N -
J1osf W W W o - 21.05—
- % B %
= 8 1 L
E MSTW2008NNLO & | i % i % $ MSTW2008 NNLO g i
C . 0.95f
L % 68%CL PDF uncertainty ‘ 10_2 - 68%CL PDF uncertainty 0.95
t Lo | L L L L C 1 oo | | | . L
1 10 1 10
\'s [TeV] \'s [TeV]

- Theoretical NNLO predictions in very good agreement with the experimental
measurements (for pp, ppbar and as a function of energy)

- Good agreement as well between the ATLAS and CMS experiments
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6 x B [nb]

10

10!

W and Z production cross sections at Vs = 8 TeV

CMS has already presented first results at 8 TeV (the first 18.7 pb-T)
About 75.000 W - ev and 4.800 Z - ee candidates

18.7 pb" at Vs =8 TeV

CMS Preliminary

B v - an b1 ' ) L L B L ! B g r gy rrrTy
e o w+ NNLO, FEWZ+MSTW2008 prediction
= ®  CDFRunll : W’ = [with MSTW2008 68% CL uncertainty)
— o DORunl ‘ =
— a4 UA2 ,. - 11.04 + 0.04
Y UAT
B ’ z — W-—ev, Z—ee
. PP | 10.99+0.16,,, +0.39, , 2 2
B S Wouv, Z-uu
- PP - 10.44 +0.14,,, + 029, ued
— = W-lv, Z-ll (combined) HeH
- Theory: NNLO, FEWZ and MSTW08 PDFs 1065+£0.11,,,£0.23,
L L — | L L A ————d . P PR P PP W S s T | PR - L
05 1 2 5 7 10 20 0 2 4 6 8 10 12 14
Collider Energy [TeV] Ruyz = [6xBR (W) /[ 6xBR ](2)

No surprise at the new energy, theoretical predictions in good agreement
with the measurements
W/Z cross-section ratio remains a bit high, but consistent within uncertainties

64



First physics signals with hadronic tau final states

Taus are more difficult to detect

They decay with a short lifetime (0.3 ps) into 1 or 3 charged hadrons (65%) and a neutrino
Taus have to be separated from hadronic jets

Number of events / 5 GeV

800
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500
400
300
20
100

..... AR R R RRRERRA AR AR ERSE AR AR
e Data2010 Ns=7 TeV

[”””] EW background
[ QCD background (B)

\\\\\\
\\\\\\\

Events / (10 GeV)

B pb' at\s=7 TeV

150}

g

35 40 45 50 55 60 65 70

LTt = TuThes

fLm=MpE

-

TP, [GeV]

* data
Bl 2t
B vkt
B oco

100 150 200
Visible Mass [GeV]

n
a
(=]
(=]

iy
(3]
[=]
o

Number of events

1000

500

2000

T NSRS REARS RARLE RAARE LALRE RARAN RRALE LRSS
e Data2010 s =7 TeV)

\\\\\\
\\\\\\ W =1, v,

[”””] EW background
[ QCD background (B)

det:

Events / (10 GeV)
8

g

Number of tracks

CMS

36pb’ at\s=7 TeV
L= TT > TeThas

100 150 200
Visible Mass [GeV]

First tau signals established in both ATLAS and CMS

Important reference signals for searches with taus in Higgs and SUSY areas
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First physics signals with hadronic tau final states

W > tv Z21T
||||||||||||||||||;||||||||||||||||||||||||| CMSYDrellmlnary T Tsep'b'at\s':TY'l:eV
| ATLAS | e L
ATLASW — 1t v, Il—-—l—H—H |‘—|°|—{ CMS Z - ee, uu
: |—l_.'—i—{ € + Thag
e Data2010 s =7 TeV) —o—+—— 1+ Toag
: —— Stat uncertainty : .
: — e u+u
: — Sy umi : e+
---------- Prediction (NNLO) .
Theory uncertainty H-Q—H CMS Z — 1t (combined)
HGH DORun Il 1 fb™, 1t + Thag
ATLASW — v, @ -
é H+e—H CDFRunll 0.35fb", @ + Tyus
||||||||||||||||||||||§||||||||||||||||||||||||||| 3 s | . 4 . y  a P | ¢ M
6 7 8 9 10 11 12 13 14 15 16 0.5 25

1 15 2
(W — 1v) [nb] OP0 —> EX) X BRLE 78} 0, (N

- Good agreement between the measured cross sections in the three lepton flavours

- Experimental uncertainites (Z - vt) already comparable to Tevatron
measurements
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Can the parton distribution functions be constrained?

» Sensitive measurements: differential W and Z production cross sections
as function of lepton or boson rapidity, charge separated for W* and W-

LHCDb experiment can contribute significantly in the forward region:
1 coverage from 1.9 — 4.9

« Derived quantity: charge asymmetry:  o(W*) — o(W") / [o(W*) + o(W)]

5042 MCFMLO

C \s=7 TeV
0.1 MSTW2008
. PDFs

/1
Y/ /[H

Both leptons =1
inside CMS/Atiast—in
= LHCH . |

7 SSESeaaa— =
-2 0 2 4 6

Lepton Pseudorapidity

Leading order (tree level) contributions to W/Z production

= 2

B(y)
~N
P(y)
b(y)

=
D(y)
b(y)

ekl udl dd v |
MCFM LO\/s=7 Ti b i O [ —ud cs

MSTW2008 PDFs g bb 1.5 — us ct

‘ e 5 5 y
Lepton Pseudorapidity




dofd| [pb]

Theory/Data

do/din [pb

Theory/Data

Differential cross section measurements

800————————— .
r ATLAS ]
700~ —
C 04,0 ]
e EERL R
R e ™
5001~ =
. f Ldt=3336pb” W'— IJ'VI ]
4005 E$= Data 2010 (/s =7 TeV) ]
A MSTWO8 ) b
L o — Uncorr. uncertainty ]
300f o ::E,\AASQDHS -Total uncertainty ]
L ¢ JRO9 b
I R NI SIS RSN
1 .17 IS =] [m] o i
1
0.9 o |
0 0.5 1 1.5 2 2.5
|
|
600 ——
r ATLAS ]
Sooillﬁil =
-- ]
e e T
i e
300 —
. f Ldt=3336 pb”’ W1y, ]
200 == pata 2010 (5= 7 Te) ]
A MSTWos ) 7
C oo — Uncorr. uncertainty ]
1 OOf o ::E:ASQDH ° - Total uncertainty ]
L o JRo9 ]
[ P R R TR BRI
1.1+ e T
1
oof ", v v |
0 0.5 1 1.5 2 2.5
Inll

HCD

° = g
=804 43 © LHCb "o w
1: 700 = { { Datam o MSTWO08
) £ Datay, *~ o ABKM09
2600 - B Datay,, " » JRO9
! - & S b § | IData”. "*Y v NNPDE21
Z 500 -
] = + HERAIS
o 3 il
400 s a3t a5 5o + CTEQG6M (NLO)
300
200 -
100 ;_ p:>20 GeVle
0 C PR T S T
2 25

* Rough features of the measured differential

cross sections are well described:;
(some tension at intermediate 1 region)

» Data start to be discriminating between pdf

models;

These data will have impact on pdf uncertainties
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W charge asymmetries

]IIIIIIII[IIIIII]Il]IIIIIII1IIIIIIITIIIIIII

\'s=7 TeV ATLAS+CMS+LHCb
Preliminary

o
w

e £ O

o
N

ATLAS (extrapolated data, W — Iv) 35 pb
CMS (W— pv) 36 pb”
LHCb (W— uv) 36 pb™
MSTWO08 prediction (MC@NLO, 90% C.L.)
HEEE CTEQ66 prediction (MC@NLO, 90% C.L.)

0 3l 88 HERA1.0 prediction (MC@NLO, 90% C.L)
.'._llllllllllllllllllllllllIlllllllllllllllll

0O 0.5 1 15 2 25 3 35 4

Lepton charge asymmetry
o

t 9

Illlllllllllllllllllll

—Illllllllllll[lllll[lllllll

First LHC combined plot (LHC EWK WG) |T]

interesting constraints already today

e

_ dow+ (1) — dow—(ne)
A = e ) + dow— ()

All data are unfolded,

P-(l) > 20 GeV

« Combination of the LHC experiments leads to large n coverage
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QCD Test in W/Z + jet production
&t &
‘O\LM" ‘O\Lms

« CMS inclusive spectra of jets associated to W/Z production (36 pb);
» At detector level, compared to Monte Carlo Simulation (Madgraph + PYTHIA)
(normalized to (N)NLO calculations)

CMS CMS

® T T T T T T b2 T T T T T T 2]
§ E 36pb” at Vs =7 TeV s .F 36po’ at\5=7TeV ® 10° 36pb” at\s=7TeV
3 1°F E™ > 30 GeV 3 10°F E™ > 30 GeV 3 E™ > 30 GeV
© E ‘s E ey e data
5 10° o data 51050 e data 5 [ Z-om
£7F W 3 3 W 3 =
=1 [ top other backgrounds
2 10t [ other backgrounds 2 10 = m«bmgwnds 2 =

10° 10°

10?

10?

10 1
g 15F 4 l—l—_ o ; Q
T 1 — ! = 15F 4_— =

—
Zos A 3 1 . - 8
0 1 2 3 4 5 6 Sost . ) ) ) . ) . ©
exclusive jet multiplicity 0 1 2 3 4 5 6
exclusive jet multiplicity
W > ev W > pv

« Good agreement at that stage (jets with p; > 30 GeV),
» Top contribution clearly visible in high multiplicity bins of W + jet production
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Jet multiplicities in W+jet production

O(W + =N, jets) [pb]
= =)

=
o
N}

10

Theory/Data
=

W/Z + jet cross section measurements

f Ldt=36 pb™ e ]
£ anti-k; jets, R=0.4

T T
W-—lv + jets 3
< Data 2010,\s=7 TeV ]
Vv ALPGEN i
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——
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op —

pr'>30 GeV, |y*|<4.4

* ¥ + ¥
=0 l =1 l =2 l =3 l =4

Inclusive Jet Multiplicity, N,

- LO predictions fail to describe the data;
- Jet multiplicities and p; spectra in agreement
with NLO predictions within errors;

pr spectrum of
leading jet

;103.....,....,....,....,....,..
() 5 W—lv + jets
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Theory/Data

do/de [pb/GeV]
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Measured by ATLAS using 2010 data sample

W + D jets

Important background for many studies (Higgs, SUSY, top)
Measurements at the Tevatron exceed NLO prediction

— studied W + 1 jetand W + 2 jets
— require at least one b-tagged jet

Events / 0.5 GeV

e e o S B A ot
—e— Data 2010,\Vs= 7 TeV_]|
Electron + 2 jets B W+b
[ W+c

[ W+light
I multi-jet
B i

[ Single top
[ Other EW

fL dt=35pb”

T
>
=
>
(7))

50—

40

30

20

10

0 1 2 3 4 5 6
Secondary Vertex Mass [GeV]

W>ev +2 jets

Distribution of the mass of the particles
associated to the secondary vertex for
b-tagged jets

- A Electron Chan. | | ATLAS
- I Electron and Muon Chan. Data 2010,\s=7 TeV
" V¥ Muon Chan. »
| — NLO5FNS det =35 pb
L === ALPGEN + JIMMY

(b-jet from ME and PS)
booeee- ALPGEN + JIMMY

(b-jet only from ME)
- PYTHIA

1 jet 2 jet 1+2 jet

Results from e and p combined.
Measurements ~1.5¢0 above NLO
prediction, but still consistent within
uncertainties
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Z+Dbjets

« Important background for many studies (Higgs, SUSY, top)

* Measured by CMS using 2011 data sample

3105 T T T
3 CcMS
10° Vs=7TeV,L=22fh"
> —|III|IIII|IIII|IIII|IIII|IIII|lIIIIIIIIlIlII'IIII—
160 -
—- Data @ B -
10* B 7+ o ¢ CMS 4]
[1Z+c 3140_ \s=7TeV,L=221b" 7
Bz - [ ]
10° =l S 00k Dlelectron sample -
102 % - -+ Data .
10 U>J1oo:_ @tjete _:
80— Dciets .
1 - + Hojets ]
60 ]
107 C ]
0 1 2 3 40 7
Na-trad(venex 20:_ _:
o L2 - .
15 C 7
5 0.3 05 1 15 2 25 3 35 4 45 5
0 1 2 3 Secondary vertex mass (GeV)
N3-trackvertex
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Top Quark Physics

15

t ond 3¢

Cienera’tif’ns
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Why is Top-Quark so important ?

EPTONS :
The top quark may serve as a window

tocionNoutno, | oon s | Tuousing to New Physics related to the
electroweak symmetry breaking;

o | @

<
Election Muon Tou
511 105.7 1777

Why is its Yukawa coupling ~ 1 ?7?

QUARK
M —L/lv
Tt \/5 t
=} = M, _
173.9GeV /¢

« A unique quark: decays before it hadronizes, lifetime ~10%°s
no “toponium states”
remember: bb, bd, bs..... CE, CSy.rit bound states (mesons)

» We still know little about the properties of the top quark:
mass, spin, charge, lifetime, decay properties (rare decays), gauge couplings,
Yukawa coupling,...
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Top Quark Production

Pair production: qq and gg-fusion

OG0600000000———>———— 00000000000

/7
%‘fﬁ% g \\
S "_9_9_9_9_9_)_9_9_9_, \J_O_D_Q_D_Q_D_JJ_J_C_J

>€G€”€’TC€G€<

Top-quark pair production in the Born approximation.

Tevatron LHC
NLO corrections completely known 1.96 TeV |14 TeV
NNLO partly known
approximate NNLO results: qq 85% 5%
ag 15% 95%
oLnc = (887733 (scale) T13 (PDF)) pb (14 TeV), o (pb)| 7.0pb |887pb

oy = (7.047038 (scale) 7015 (PDF)) pb  (1.96 TeV).

For LHC running at Vs = 7 TeV, the cross section is reduced by a factor of ~5,

but it is still a factor 25 larger than the cross section at the Tevatron
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Top Quark Decays

BR (t—Wb) ~ 100%

Dilepton channel:

Both W's decay via W— fv (f=e or |; 4%)

Lepton + jet channel:

One W decays via W — v (f=e or W; 30%)

Full hadronic channel:

Both W’s decay via W—qq (46%)

Important experimental signatures:

l»

LV;‘JLV
.

b
\-.
w- t t
q
q

Top Pair Branching Fractions

“alljets™ 46%
t+jets 15%

u+jets 15%

Wi

X0 A
Woxe

"dileptons”

etiets 15%

lepton+jets™

. - Lepton(s)

- Missing transverse momentum

- b-jet(s)

/8



First results on top production from the LHC C’\_"f/

&

2 | | | ]
® |  ATLAs  faggede/utjets | Event Selection:
w1201 ® data ]
i L 29pb’  [f _ . -
100f W single top - Lepton trigger
Z + jets ) ‘e .
W+jets * One identified lepton (e,u) with p; > 20 GeV
maco - _
77 uncertainty | » Missing transverse energy: E;™'ss > 35 GeV

(significant rejection against QCD events)

40F 7 ]
%%A ] « Transverse mass: M (I,v) > 25 GeV
1 > 3 4 * One or more jets with p; > 25 GeV and
n<25
Number of jets
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Invariant mass distributions in the I-had channel e ST

9

< = 1 1 1 1 <) = 1 1 1 1 -1 <) 1 G 1 1 1 1
=140 ATLAS Preliminary  [u+ets] = 30F ATLAS Preliminary [n+ets] 4 ATLAS Preliminary [u+jets]
G120 G _F i © ’
- = ! 25F _ -1 E 8 _ 1 .
B100 L dt = 35 pb 3 25 det_35pb g L dt = 35 pb :
- [ 3jets /0 b-tag — 20F 3jets /1 b-tag = - 6 3jets/=2b-tag -
@ 80p 2 | ] ¢ '
c C —e— Data c 15F —e— Data 3 c —e— Data
S 60} — e + — | 24 —
T 40 3 Model o 10F . .‘I Model : AT Model .
g = = = Background C . = = = Background = = = Background ]
20} ¢ st K 4 - 2
L 1 1 ¢ E 1 : + ] 1 * * 1 ]
OO 200 400 600 800 1000 0O 200 400 600 800 1000 00 200 400 600 800 1000
my; [GeV] my; [GeV] my; [GeV]
<) 90_ 1 1 1 1 ] <) = 1 1 1 1 -+ <) =i 1 1 1 1 -
2 80k ATLAS Preliminary [u+jets] 1 3 90F ATLAS Preliminary [u+jets] ] 3 gg_ ATLAS Preliminary  [u+jets] 3
O _f . 1 o f ) 1 o© %iE _ E
w0 70F Ldt=35pb’ 1 o 40F Ldt=35pb’ 1 o 18 Ldt=35pb’ s
N 60F 1 o ] « 16 E
- 3 =4 jets / 0 b-tag - : =4 jets / 1 b-tag - 14f =4 jets / =2 b-tag -
@ 50F 1 230 @ 12t 3
c E —e— Data c i —e— Data C E —e— Data E
o 40F 1 O Af o 10F E
2 30F — Model 3 2 205' —— Model : 2 g: — Model
20k == Background_; 10k = = = Background 4_ == Background_;
10 3 F ] 3 E
1 3 0 L b y 1 . 2 3 (I ++ 1 3
0O 200 400 600 800 1000 0 200 400 600 800 1000 O0 200 400 600 800 1000
m.. [GeV] my; [GeV] m.. [GeV]

n n

« Top fractions increase with number of b-tags
« Good description for all jet-multiplicity and b-tag combinations
« Data are consistent with top quark production with mass of 173 GeV
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Top-quark production measured in many different decay modes

(i) Di-lepton selection in both ATLAS and CMS (0.7 tb" — 1.14 fb")

Multiplicity distributions of b-tagged jets
(small backgrounds, mainly from Z+jet production)

0 L L L L [
= L . ® data

..g _\ TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TT \\_ I%OOO __ Se'ms pree“r;:ll-lnaar'-lr:’ess 1 4 fb ! E Vm\: __
S | ATLAS Preliminary All channels - oo B2y (-ea) ]
- I -1 * Data 1 B Eﬁi}e—t’xaeo T
1000} f'—dt =070fb Mg - 1500 - .
i Z/Y *+jets ] . tt signal ]
- Fake leptons - i i
800~ B Other EW . .
i 7 i 1000 [~ —
600 e - " ]
i g ] 500 a
400 - ]

L _ n )

200 — 2 2 :
: 7] CEEU 1.5 ;_ ................................................................................................................................... ]
OQm " “‘ L LI% 1 g_.. ......... + ......................... ¢ ........................ + .............................................................. ‘_g
0 1 2 3 =>4 T e — e £
Number of b-tagged jets O,k
0 1 2 3 =4

b-tagged jet multiplicity
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OS - SS Events

(i) w + 7 final states in both ATLAS and CMS (0.7 fb" — 1.14 fb'")

Require: u + hadronically decaying t, E{™ss + b-jets
(significant backgrounds, but signal contribution needed)

E [2] L 7
1400 ATLAS Preliminary * Data |5 700" ATLAS Preliminary * Data .
r . [Jtt—yr,_+bb] cl.;J) . []ft—yr,  +bb-
1207 f Ldt=1.081fb ST, diboson| B gog f'- d=108f" ST, dibason
. IZ+/?t @ . 0 Z +jet
i . Weset 500 t Woeiet 3
ool 7, tt—ll+bb B % ti—Il+bb
, W tt-14jjbb 400 | W tt—l+jjob
60: ¢/ uncertainty - . uncertainty
, ] 300/~ n
: BDT; >0.7- : BDT, <0.7
4or ] 200 .
20:* B 100~ E
) E iy i
01234586 7 8910

o i
012 3 4 5 6 7 8 9 10

Jet Multiplicity Jet Multiplicity

ATLAS: Multivariate analysis
Jet multiplicity distribution in signal (left)
and background (right) regions

Ns=7TeV, 1.09 o' CMS Preliminary

g
> ool
8 } - data |
o) k =ti »ptbbve
= 9 . Wojets
—~— b B Single t
[  DY+jets
“g 40-’ L-Diboson
9 [
w 30
20[
10!

0 50 100 150 200 250 300 350 400 450
My, [GeVic?]

reconstructed mass in CMS
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Top pair production cross section measurements
-likelihood combination of all channels-

CMS Preliminary, \s=7 TeV

o 15 May 2012
ATLAS Preliminary .-
form =1725Gev
i ; CMS e/utjets 1 1247
Data 2011 — sial uoertanty TOP-11-003 (L=0.8-1.1/fb) 64;.1 u?l : 12 :nn pb
i — tota uncartainty
Channel & Lumi. 0, {slal) 2(syst) +{humi)
. 1 CMS t+jets +
Single lepton  0.70 fb N 179+ 4+ 9+ Tpd S 1553‘_{ 1 ‘25." 3313pb
Dilepton 0.70f" | e 173+ 6 "3 " 3pb
;;lggafgpmc ; 167+ 1878+ 6pb CMS dilepton (ee uj1.e1) LB R
: i TOP-11-005 Enal (L*2.310) (ot 4 stat ¢ syt 4 i)
Combination —— 1733 7pb
i CMS dilepton (etut) 143+14+22+3pb
i arXiv:1203.6810 (L=2. 2/) {vok. ¢+ wtof + syet ¢ i)
New measurements
7, +jels 167f" a1 200+19+42+ 7pb ,
s < CMS all-hadronic 136 + 20 + 40 £ 8 pb
Too tlepton  2.05M _—— 186+13+20+ 7pb TOP-11-007 (L=1.1/) (ool + ot + syut
All hadronic 168+12 '¥+ 6pb
470" i S Approe. HERLO QOO Koo, Prys Fe O 82 6';“ 7 Sy
| l l I Sm:&:g‘t QOCD, Alvors ot ., .D-EPlO)O( 010) 097
50 100 150 200 250 300 350 ~ . l 1

0 50 100 150 200 250 300

o, [pb] o(tf) (pb)
o =177 £ 3 (stat) £ 7 (syst) = 7 (lum) pb o =165.8 + 2.2 (stat) = 10.6 (syst) = 7.8 (lum) pb

* Perturbative QCD calculations (approx. NNLO) describe the data well;
* The two LHC experiments agree within the systematic uncertainties
« Total uncertainty already at the level of 6%
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CMS Prefiminary

3507 |
g - CMS combined 7 TeV (1.1 157) z
'E'EIDG-- .
F = CMS combined 8 Tel (2.8 1)
@ CMS: new measurement at 8 TeV ! 3

200—

@ Lepton + jets and di-lepton channels combined: 150]-

Approx. NNLGOCD
Scale uncertainty

G =227 + 3 (stat) + 11 (syst.) £ 10 (lum.) pb e —

L \mmmmuum % C L uncerainty

5¢_||.I||||l i bow o s o b oo g iy
] 8.5 T . 75 1 8.5 [
CMS Preliminary, 1s=8 TeV \ | BTN
M5, —_— - : .
- 9 | o ATLAS combined 7 TeV (0.7 - 1.1 fo!) |
= = ® CMS combined 7 TeV (1.1 fb'1} "
. y = = = CMS combined 8 TeV (2.8 fb) \
CMS I+jets (e/ji+jets) 228+ 9+2% +10pb i1 - o CDF
TOP-12-006 (L=2 &) (el 4 wiat 5wyt § i) O DD
102 -
CMS dilepton (ee uu ep) 227+ 3+11+10pb 5
TOP-12007 (Lv2.4/b) (el 2 oot = sl £ horee ) |
‘ - Approx. NNLO QCD (pp)
m— il B Scale © PDF uncertainty
- ------- Approx. NNLO QCD (pP)
I . 1940 GCD. b, 12083483 G613 H . Scale uncertainty
e e e -/ B Scale © PDF uncertainty
" ' B ,.“' Langenfeld, Moch, Uwer, Phys, Rev. D80 (2009) 054009
w I | ‘ - MSTW 2008 NNLO FDF, 90% C.L. uncertainty
0 100 200 300 400 ,Sf i
& 1 i 1 1 1 | 1 1 1 1 | 1 1 1 1 F i 1 | I 1 11 [l | 1 1 L1 I Ll L1
o(tt) (pb) 1 2 3 4 5 6 7 8 9

Vs (TeV)

o(8TeV)/o(7TeV) = 1.41 £ 0.11; no correlation assumed
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Top-antitop differential cross sections

Important test of the Standard Model (perturbative QCD), deviations may

iIndicate new physics

e.g. new particles (resonances) decaying into tt, or other new/unexpected
effects ( = Tevatron charge asymmetry)

Important variables studied: - tt mass distribution
- Rapidity y and p+ of the tt system

6 L L R A ) EE L R R I R A R L L R B
10 ATLAS e +jets E

ATLAS

5 D 3 }
10 det:2.05fb'1\J§:7Tev = det=2.05fb1\/§=7TeV

Events / 200 GeV
Events / 30 GeV
Events /0.4

Q 15f ‘ ‘ ‘ / y s o % o’$§Nh s
% - ) M% 3 l/ 1{;/71 /% V 8 1 2
Rl . @ 8 oo Y~ ‘4%
0.5t ‘ ‘ '
500 1000 1560 20/00 25/00 0 100 200 300 400 500 pGOO[Ge7\9]O 252 15-1-050 05 1 15 2 )/2_5
m,; [GeV] T ff

ATLAS comparison on detector level shows good agreement in all variables
(background partially extracted from data)

- not much room left / no signs yet of Physics beyond the Standard Model
(more in the lecture of M. Narain) 85



Icms;g

 Both collaborations have unfolded the detector effects and have extracted
differential cross-section measurements
(normalized to the tt cross section - sensitivity in shapes of distributions)

CMS Preliminary, 1.14 fb' at\'s=7 TeV

[EEY
o

%‘ % . data % -g _:0_6-| TriTi | LI I LI l'l LI I UL | LI l LI I TrTT |_
S 1 B . ] NLO (MCFM) ]| v-|o-° - e/u + Jets Combined e Data .
= F I NLO + NNLL = 050 — MadGraph
E : —_— i . — N
S 101 ATLAS - I MC@NLO ]
8 f det:2.05 o : 04k —POWHEG ]
Elzlo- 3 i = C .
i C 7 : :
10° 03[ -
© 15f I :
()] B | | 1 | | E : :
§ lE 1 | | | E 0.2l 1
= 22 - ]
© ~r i _
E 1: | | i | l ] 01:I \_‘_
g + T | : q
O r 1
_IOS 300 1000 2000 0_||||111||111111|||11||||1||111|||11||1|1|—
% 2 -15 -1 -05 0 05 1 15 2

mtf [GeV] n

i
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Part 3: Electroweak parameters

- W mass

- Top Quark Mass & Properties T ___ Febuay2ot2.
L. O LEPEWWG (2011) 68% CL (oxcluding M,.m, & direct Higgs oxclusion) .

- (O 68% CL (by area) M, (2008), m
. . s — @ 68% CL (by area) M“ (2012), m_ A —
- Gauge Boson pair production S 80451 » il
. - 6" -
(WW, WZ, ZZ production) o i 3 :
@ 804 e
© B d
= B |
S goss | o =
i < N i
B e L i
80.3 [- & .
-14 . | P M KRR E T 7 1 ..l...x—

. ol P P s e
155 160 165 170 175 180 185 190 195
Top Mass (GeV)

All this is highly related to the Higgs boson search / discovery or
to a consistency check / ultimate test of the Standard Model 1



Precision measurements of

m,, and my,,

Motivation:

W mass and top quark mass are fundamental parameters of the Standard Model;
The standard theory provides well defined relations between m,,,, m, and m,

Electromagnetic constant
measured in atomic transitions,
e*e- machines, etc.

l 1/2

T Oy, 1
sin 0 Vi-Ar

radiative corrections

my, =

56
Fermi constant

measured in muon weak mixing angle

measured at

deca
y LEP/SLC Ar ~
b H X
w w W w w w
____Q___ T R -
t W w

Gg, agy, Sin By

are known with high precision

Precise measurements of the
W mass and the top-quark
mass constrain the Higgs-
boson mass

(and/or the theory,

radiative corrections)




3.1 W mass measurements

EEEEE | | ==
T s [mass) [ CET e R
Thebeglnnlng TR L e

For each |value o(: MW generate | ;

°“"/dr> deg ! 1111, usun‘g |
'parc\me4-nsa4non op P fmm Gluck d’oL

‘§ o= i {‘vom \-\aLten et a,!.
V- A .‘produchcn cmd deca\( |
| T"(w)ti‘bC.eV H
| H Mas : .
: | an‘ MU.M .L.hel«"':.o.old {,cr events with P)ZS
P ! z ;
1 Mw“ 8‘2.5 :,1.5 _tl."s Ge\//c, E
o s UA2 ' ' 5omc r-eauLt pmm FH- to M, - dist
8 | | {or euen“‘s u.n-un ‘Pw( SC.e,V/g : ‘
5 100 1] M | \
é M T (2' P 0= COSAQ)) generated with
w 50 !

6\

; BEN | Mw}' 825 GeV

. ' 20 CH I \ | , _.
| 7 N

mr (GeV) b ] ﬂ ,r'f] S

:,_;"l' [ : l—-‘"‘l-ﬁ l I ' L

(32 ho| | 48| | &G| T2 g0 | 8

m, =80.35+0.33+0.17GeV || Mr (asv)

D. Fr0|devaux Blois 2012




Technique used for W mass measurement at hadron colliders:

E, Event topology: 10000

2500 1¥/dof = 48/49

E E DO Preliminary, 1 fb" T
Electron g 7500~ — FAST MC

a - B W-stv

§ 5000 W Zsee

W - Fit Region QCD

% 60 70 0w 10
m,, GeV
Observables: P.(e), Py(had)
= Pi(v) =-(P{(e) + Pq(had)) long. component cannot be

M;/ = \/2PTI PTV '(l—cosA¢l’V) measured

In general the transverse mass M; is used for the determination of the W mass
(smallest systematic uncertainty).
This might not be true at the LHC !



Shape of the transverse mass distribution is sensitive to m,,, the measured
distribution is fitted with Monte Carlo predictions, where my, is a parameter

0

70

80

MC template: Mw=80 GeV |
MC template: Mw=81 GeV|

90 100
M. (GeV)

Main uncertainties:

Ability of the Monte Carlo to reproduce
real life:

 Detector performance
(energy resolution, energy scale, )

* Physics: production model
pr(W), Iy ......

» Backgrounds



W mass measurements

The beginning

UA2

Events per 2 GeV
g g

t3]

120

mr (GeV)

my, =80.35+0.33+0.17 GeV

State of the art, today w

1.68 M events, electrons |n| < 1.05

\'/
=
o
<]
<]
=]

- -1 —Data
2 :(a) DO, 4.3 fb Y S
pd B mBackground
o 30000 v2/dof = 37.4/49
(2]
= N
£ 20000
L -

AAAAA

m,, = 80.371 + 0.013 (stat.) GeV



w Systematic uncertainties:
Mass of the W Boson

Measurement ; M,, [MeV] New CDF Result (2.2 tb™)
! Transverse Mass Fit Uncertaintics (MeV)

CDF-0/1 ——— 80432 + 79

DO o 80478 + 83 electrons muions common

§ W statistics 19 16 0

D@-Il ow) —— 80402 + 43 -

; Lepton energy scale 10 7 5

CDF-ll e2®) ) 80387+ 19 Lepton resolution 4 1 0

DIl waw) —e- 80369 + 26 Recoil energy scale 5 5 5

Tevatron Run-0/I/Il -9- 80387+ 16 Recoil energy resolution 7 7 7

LEP-2 _._ 80376 + 33 Selection bias 0 0 0

World Average K 80385 + 15 Lepton removal 3 2 2

] Backgrounds - 3 0

pT(W) model 3 3 3

_ Parton dist. Functions 10 10 10

5 P — QED rad. Corrections 4 4 4

80200 80400 80600 Total systematic 18 16 15

My [MeV] March 2012 Total 26 23

* Precision in a single Tevatron experiment better than the LEP-2 combination

 Still further improvements possible
(inclusion of more data, reduction of statistical and systematic uncertainties)

» Further improvements on parton distribution functions expected (LHC)

» Support from theory side on better calculation / simulation of QED radiation
and p(W) expected




Momentum Scale Calibration

- Span a large range of pt

» Flatness is a test of dE/dx modeling

CDF 1l

Final scale error of 9x10°. Am,, =7 MeV

f L dt ~2.2 fb"

-0.001

Aplp

“‘Back bone” of CDF analysis is track p+ measurement in drift chamber (COT)

Perform alignment using cosmic ray data: ~50pum—~5um residual
Calibrate momentum scale using samples of dimuon resonances (J/y, Y, Z)

CDF Il profiminary fLov-::m"

avenls (75 WV

;L App=(-1.185:002, ) x 107

z3/dot » 48 /38

$000 e

N — .
T
m,_, (GaV)

CDF I J'L dt =22 b

10000

-0.0015

—o— JAp-—pu data (stat. only)

¥— Y —uu data (stat. only)

~— Z—up data (stat. only)

| 1 1 1 |

7«3 /2.5 MeV

:

0.2 04

0.6

<1/p_> (GeV") 0

® Data /“ a
— Simulation R Ap/p =(-1.284 2 0.024__) x 10

‘

1 y*/dof = 95 / 86

3.4
m,, (GeV




Systematic uncertainties:
Mass of the W Boson w b

Measurement ; M,, [MeV] New CDF Result (2.2 fb™)
! Transverse Mass Fit Uncertaintics (MeV)

CDF-0/1 ——— 80432 + 79

DI o 80478 + 83 electrons muons common

§ W statistics 19 16 0

D@-Il ow) —— 80402 + 43 -

; Lepton energy scale 10 7 5

CDF-ll e2®) ) 80387+ 19 Lepton resolution 4 1 0

DIl wsw) —e- 80369 + 26 Recoil energy scale 5 5 5

Tevatron Run-0/I/I1 - 80387 + 16 Recoil energy resolution 7 7 7

LEP-2 + 80376 + 33 Selection bias 0 0 0

World Average ~0~ 80385+ 15 Lepton removal 3 2 2

] Backgrounds - 3 0

pT(W) model 3 3 3

_ Parton dist. Functions 10 10 10

I & QED rad. Corrections 4 4 4

80200 80400 80600 Total systematic 18 16 15

My [MeV] March 2012 Total 26 23

Can the LHC improve on this?
In principle yes, but probably not soon .and. not with 30 pileup events
- Very challenging (e-scale, hadronic recoil, p; (W),.. )
- However, there is potential for reduction of uncertainties
- statistics

- statistically limited systematic uncertainties (marked in green above)
- pdfs, energy scale, ...., recoil(?)




3.2 Top-quark mass measurement

Top-Quark Mass [GeV]

CDF o 172.5 = 1.00
DY - 1749 £ 1.4
Average 173.2 = 0.90
x?/DoF: 6.1/10

+ 13.5
LEP1/SLD 12268 =7

+ 11.7
LEP1/SLD/m,/T,, - 7.7k

'1é0' > '1%0' | '150' '1550' e
mt [GeV] July 2011

10



Example: template method

* Calculate a per-event observable that is

sensitive to m, B-tagged signal templates

20.024F
- Make templates from signal and o
background events 2 0.02-
'g 0.018- [] Mop=150 Gevic?
» Use pseudo-experiments (Monte Carlo) E::::- [ M =175 cevie?

to check that method works Il . -200 Gevie?

0.0125

0.01F

- Fit data to templates using maximum 0.008k
likelihood method 0.006k
0.004

150 200 250 300

reconstructed M,,, (GeV/c?)



CMS

First top quark mass measurements at the LHC

 Measurements in all channels available (ll, I+jets, all jets; at least 1 b-tagged jet)
« 2011 data already included
« Combined fit of top mass and jet energy scale (in situ) a la Tevatron

CMS preliminary, 4.7 fb ™, \/s=7 TeV
T I T T T T ‘ T T T T T T T

> ‘ T I T T T
@ B i
10000 tt —

(OD acb > 00— .

d o o - ATLAS .

-~ Bl Z+jets © oo ’ 4

2 i T - e + jets ]

= [ single top > = .

o 7" = C Ldt=1.041 .

G —Data (47fb") _ £ oor Il E LS

L Lﬁ - - psig+ pbkg ] 101:, —1o ATLAS E

8 300 Y \ 77 okg . - E e JSF = 0885+ 0.008 ]

o 5000 C ¢ Data b £ e M= 17432 1.0, - GeV ]

-CE’ » JSF = 0.985 « 0.008 g

> 1Z 200¢ Moy = 17432 1.0, 50 GV 099} E

< 73 C ] 0.98] 3
ﬁ 100 Y ASCTLELET P ] r e +jets y
’8 gt e 0.97:—de‘=1.04$‘ B ]
8 0;‘ S ‘1‘ 00— ‘2‘"‘."‘"‘"‘"1""""""""‘ """ v 7T T T T e i ire ire
= ;:U) 00 50 00 50 300 350 00 e (GoV]

0 d mise® [GeV]

100

200 . 300 400
Best Fitted Top Mass [GeV]

Results of best measurements in the | + jets channels:
CMS: m,=172.6 £ 0.5 (stat) £ 1.5 (syst) GeV

ATLAS: m,=174.5 % 0.6 (stat) £ 2.3 (syst) GeV

Already impressive precision reached at that early stage of the experiment ! 12



Summary of top quark mass measurments

— Tevatron combination

— LHC combination and perspectives

Mass of the Top Quark [GeV]

Lepton+jets Runll CDF NL 173.00 £+ 065 * 1.06 GeV
Leptontjets Runll D@ HoH 17494 £ 083 £ 1.24 GeV
Leptontjets Runl CDF o 1761 = 51 %53 GeV
Leptontjets Runl D@ it 180.1 % 36 £ 39 GeV
Alljets Run il CDF H-OFH 17247 £ 143 £ 1.40 GeV
Alljets Runl| CDF 186.0 +10.0 %57 GeV
Dileptons Run il CDF = 170.28 £ 1.95 £ 3.13 GeV
Dileptons Runll D@ o 174.00 £ 2.36 £ 1.44 GeV
Dileptons Runl CDF © 1674 103 49 GeV
Dileptons Runi D@ 1684 %123 %36 GeV
E,.ﬂets Run il CDF H—o1H 17232 £ 1.80 £ 1.82 GeV
Decay length Run Il CDF 166.90 £ 9.00 & 2.82 GeV
Tevatron Combination 2012 L] 173.18 £ 0.56 £ 0.75 GeV
X Idof=8.3/11
160 170 180 190

Tevatron:

mSo™> — 173.18 £ 0.56 (stat) = 0.75 (syst) GeV

=173.18 = 0.94 GeV

LHC m,,, combination - June 2012, L =35pb"-4.9 fo™

ATLAS 2010, I+jets
L, =35 pb”, (® CR, UE syst.)

ATLAS 2011, I+jets
Ly=11"

ATLAS 2011, all jets
L, =21b", (®CR, UE syst)
CMS 2010, di-lepton
L, =36pb", (® CR syst)

CMS 2010, I+jets
Ly, =36 pb, (® CR syst.)
CMS 2011, di-lepton
L =231b", (®CR, UE syst)
CMS 2011, pu+jets

L= 4917, (®CR, UE syst)

LHC June 2012

Tevatron July 2011
|

ATLAS + CMS PreliminaryN's = 7 TeV

——
——
————
\ 4
————i
— =
——
-
H@H

169.3+ 4.0+ 4.9
1745+ 0.6 £ 2.3
1749+ 2.1+ 3.9
1755+46=4.6
1731+ 2127
1733+1.2+27
1726+04=+15
1733+ 05+ 1.3
173.2+ 0.6+ 0.8

+ (stalt.) + (syst.)

LHC:

Muop = 173.3 £ 0.5 (stat) £ 1.3 (syst) GeV

=173.3+ 1.4 GeV

150

160

170 180

0
My, [GeV]

13




3.3 Di-boson production: Wy, WW, W/Z, ZZ

Motivation: - Test of the Standard Model gauge structure

- Search for deviations,

anomalous triple gauge couplings (TGC)

Allowed Standard Model vertices
-vlZ > WW
-W 2> Wy
-W > WZ

Forbidden Standard Model vertices: y 2> ZZ or Zy
Z > ZZorZy

Start from most general ansatz for TGCs in Lagrangian
- 14 couplings
CP invariance and gauge invariance
2 Sparameters A, =A;=0
g, =K =Kz =1

q W

o~

7
)
~
v 1
w k./[}/j
{,;

1

7 z

q W

TGC vertex

q w

14



Wy and Zy production

Expected contributions within the Standard Model

(a) u-channel (b) t-channel

(including initial and final state radiation) >
Additional contribution from quark and - - 1 f
gluon fragmentation (W/Z + jet production) - - ' r«

(c) FSR (d) s-channel

Search for an additional isolated photon
in W and Z events

E. spectra of photons are in agreement with
the expectations from the Standard Model

N 104 T I T 1T I 1T | L I LI L T E| 5\ il N | T I R | T l_']' | I — | —
> CMS 2010, 36 pb” Y : 3 10E PEA N, Sopb 7
O 100 Ns=T7TeV  _o_ paa Y u = E —e— Data Y 5
o 3 — = = 7 -
— Wy 3 = “Z v -
= X - Wiets N s p e Z+jets E
S 10 i Other backgrounds 3 = o ] — aTGC h}=0.12 ]
= | aTGC Ak, = 0,2, =05 ] 5 P .
=BT 7/ mm = g 1g -
5 - E < £ N ;
= . E < . 7 \ ]
> = U
g E 0 | E
) yi 54 E 3
> =l > £ 1
ST M 77 / , , 7
| | L | 1 | 1 | L | L | 1 a 1072 v vvid vy vy Vi p g g Wiy
20 40 60 80 100 120 140 160 180 200

I20I I I40II 60I | I8|0I I10(3 i20I I14(5 I16(I) 180I I200
El [GeV] Ey [GeV] 15



Events /10 GeV

Wy and Zy production (cont.)

« Also kinematic distributions are well described by Standard Model

processes

* No evidence for anomalous couplings /

anomalous Wy / Zy production

45¢ L B B B L I
10F-ATLAS s = 7TeV, f Lt = 35pb”
35F .
30§—VVY + DS\?(tli)w
3 0 W(lv)+et
E Bl W(wv)
20 [ Jttbar
15F 832
10
0750 100 150 200 250 300

My (|,V,’\{) [GeV]

— 200 T T T T AR T T T L T
% C 1
O igf  ZrMC *: Z'Y -
25 1 60:— e Zy—scey Data % 7
E o Zy— Data 0 .°.
140 y—>uuy Dal GLr. >
L L4 L) ® ~
120 o:ﬂ,. X rgls —
C ° % -1 ‘.
100F- FERTETY ]
2e°
. 3°78 .--Jq".""""~
BORL o hmapr s o 1]
%y Eley CMS Preliminary 2010, 36 pb™ 1
o R R I I A R
6%0 60 70 80 90 100 110 120
M, [GeV]
%J ATLAS -e- Data ]
(OD det=1.02fb" [z eXpeCt 3|gnal
) Ny 15=7TeV  N=0 Z(ll)+jets here
expect signal ¢ 7 > EW.tE
here 5 Y ~
L
1? i —
:l PR | 1 | S S T TR R R 1 .TI PRETRNTEN B
c
m% 15/ + + _
8%051:1.’:* _+_ .......‘_._._._._._+._...._ .................... .:
I.I>j 20 40 60 80 100 120 140 160 180 200 220

E! [GeV]
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Expected contributions within the Standard Model

WW production

(TGC contribution, gg-box is higher order)

Search for WW production in di-leptonic decays

(WW- v Iv)

Major backgrounds:

- Drell-Yan production pp =2 Z/y* 2> |I

- W = Iv + jet production, one jet fakes a lepton,

E.Mss from mis-measurement

- tt production, with di-leptonic decays: tt > Ivbilvb

This is an important background process for
Higgs boson searches inthe H > WW = v |v

channel

Events / 5GeV

entries /6 GeV

107E-

108
10°
10*

LA AR DL
ATLAS Preliminary
Jrat=4.70m"
(§=7Tev

———
—— Data
[ Jww-—sevev
[ Diboson
B W-+jet/dijet
[ top

[ Drell-Yan

T T T T T

Roonllnnaflnnallnnnflnnniloah
0 20 40 60 80 100 120 140 160 180 20(
ETralGeV]
» — T
| - data top CMS preliminary
150 ww W wzzz L=1.1f" —
- [l Z+ets [ W+ets b
100 ﬁ —
i 1T ]
S i _
Sor ‘F":'f_ + ]
0 L L L L | L ;T:*ro-'ﬂ' L
0 50 100 150

projected Efl'_“ss [GeV]

Good understandig of E,™Miss
necessary, achieved in both

experiments

require two

high p; leptons (25 / 20 GeV)

17



Events / 20GeV

WW production (cont.)

Jet multiplicity distribution after lepton, E/™'ss and Z veto cuts:

500

% C AT‘LAS IPreIirr|1inary[ —— Data
& L [ Diboson b
400~ E :/gl;jet/dijet -
ny il o ] - apply a jet veto to suppress the
L Coe ] large remaining contribution from
200 Bz fuesmo * top production
100 T E i.e. require no jet with
N | . pr > 30 GeV within [n| < 4.5

4 5 6 7 8 9

Jet Multiplicity

Important kinematic distributions after jet veto cut: (important for H > WW search)

450 T T T = o) I S B B B 1]
400; ATLAS Preliminary —4— Data 3 S 250 ATLAS Preliminary —— Data —
= _ 1 [ Diboson = ~ - _ » [ Diboson n
350E- Juat=470t0 W \V-et/diet ERNE- - Juateaon B W-+etdijet :
= Vs =7TeV [ top E o 200— Vs =7TeV ) top —
300F + [ Drell-Yan 3 w - [ Drell-Yan ;
E + C I WW—hvlv E 150 COWW—hviv =
250 +[ I (220 s E - [0 Osavess L
200F- 5 C 040,
= l_" 3 100 -}-;{"ﬁ_r _TJ
150F 3 - 1% ]
100F l—e— 3 s0f ﬁ#ﬂfﬂ ]
= i E S o B
50 s = 4"
= . = 0
050 100 150 200 250 300 350 0 0.5 1 1.5 2 2.5 3
my(IET"**)[GeV] Ag(ll)

—> good signal-to-background ratio (2:1);

background largely estimated from data in control regions

(define control regions that are dominated by one background source,
normalize there, use Monte Carlo for extrapolation in signal region)

18



Events / 20GeV

WW production (cont.)

Jet multiplicity distribution after lepton, E/™'ss and Z veto cuts:

500

% C AT‘LAS IPreIirr|1inary[ —— Data
& L [ Diboson b
400~ E :/gl;jet/dijet -
ny il o ] - apply a jet veto to suppress the
L Coe ] large remaining contribution from
200 Bz fuesmo * top production
100 T E i.e. require no jet with
N | . pr > 30 GeV within [n| < 4.5

4 5 6 7 8 9

Jet Multiplicity

Important kinematic distributions after jet veto cut: (important for H > WW search)

450 T T T = o) I S B B B 1]
400; ATLAS Preliminary —4— Data 3 S 250 ATLAS Preliminary —— Data —
= _ 1 [ Diboson = ~ - _ » [ Diboson n
350E- Juat=470t0 W \V-et/diet ERNE- - Juateaon B W-+etdijet :
= Vs =7TeV [ top E o 200— Vs =7TeV ) top —
300F + [ Drell-Yan 3 w - [ Drell-Yan ;
E + C I WW—hvlv E 150 COWW—hviv =
250 +[ I (220 s E - [0 Osavess L
200F- 5 C 040,
= l_" 3 100 -}-;{"ﬁ_r _TJ
150F 3 - 1% ]
100F l—e— 3 s0f ﬁ#ﬂfﬂ ]
= i E S o B
50 s = 4"
= . = 0
050 100 150 200 250 300 350 0 0.5 1 1.5 2 2.5 3
my(IET"**)[GeV] Ag(ll)

—> good signal-to-background ratio (2:1);

background largely estimated from data in control regions

(define control regions that are dominated by one background source,
normalize there, use Monte Carlo for extrapolation in signal region)
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entries / 5 GeV

data / prediction

WW production at Vs = 8 TeV

« CMS has already analyzed 3.5 fb-! of 2012 data

« Kinematical distributions for combined ee, eu, un channels:

T T T > T LB B T
e B TS 1 e L S B e Measured cross sections are
W top data-driven normalization ; . mw top data-driven normalization ] . g . .
w0l " Beoo 18 ! | slightly higher than NLO prediction:
g | oo 1 Ns=7TeV
= T i [ 1 ATLAS:
100 - f - ] c=534+21+45+21pb
> |oop et f
i f’f+:¢: ] ! f :*@fii%ﬁﬁﬁ | CMS:
L B LE AR 5 c=524+20+45+12pb
2F S 2 ‘ : : .
PR R oo Theory:
E Y A £ E Wl igy . e
o T 2 "’”%‘WM%? o =451+2.8 pb
% 60 80 100 720 s % 50 100 150 200
Pl [GeV] m, [GeV]

Vs = 8 TeV

CMS:
c=699+28+56+31pb

Theory:




WZ and ZZ production

Expected contributions within the Standard Model
(t-, u, s-channel contributions for WZ)

q

— VWV Y e W ! y
o
L
) w
i VAVAVAVAVAVAVAVEE SN | . _\\\S\ %/L z 7 % z
(a) t-channel (b) u-channel (c) s-channel
(t- and u- channel contributions for ZZ)
q NN Z Qe Z q zZ
\E W
\ y
q—<—— A~ Z q— 4 Z q 7
Standard Model Production SM Forbidden

Search for di-boson production in three (WZ- v Il)
and four (ZZ-> 11 1l) lepton final states

These are important background processes for
Higgs boson searches, e.g. H 2> 4 |

Events / 20 GeV

100

Events/20 GeV

0




WZ differential production cross sections

N 'DN

¥ | ATLAS — Monte Carlo (MC@NLO) ] T [ ATLAS — Monte Carlo (MC@NLO) ]
=% 0.6 ® Data = =22 11— ® Data —
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0.4 = 0.6 " -
0.3 — L i
0.2 - — - ¢ ’
g ] o2~ -
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)]
]
3
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e +1.1
'100

CMS 75 (1.1 fb)) ~9.1 17024 +£1.1%£1.0 17.5 £ 0.6

317 68 £ 8 19.0 13£0.810.4 17.6
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ZZ cross sections

III IIIIIIIIIII |
100 200 300 400 500 600

Four-lepton mass [GeV]

% 24: [rrrrrr1 | T .I LI I L L L L ] CMS \]g = 7 TeV, L = 5-0 fb_1
5 20 ATLAS Preliminary _,_ pa, = > : | , ,
S 20- fl_ dte 475" 0] zz simulation ] 8
~ C 5] Total Uncertainty o
8 18 s=7Tev . &
qC, 165 Estimated Background: D
= - 0.7 *13 (stat) 3 (syst) 1 c
N 53 (stat) 13 (syst) E §
12 — w
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8- =
6 =
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] e 00 200 300 400 500 600
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ATLAS 62 53.2+2.2  0.7t2.1 72 B i i 1013

CMS o4 54.4 £ 4.8 1.4 £ 0.5

23



77 cross sections at Vs = 8 TeV

- ———— ————— CMS Preliminary Vs =8 TeV, L = 5.26 fb™
[ E . , , ;
B LATLAS F’rellmlnary —4- Data 3 % o5 B e DATA
S b [La=581" [ zz-m NG 77 > 41
~ 30 \s-8TeV [ ] Background(d.d.) 8 20 ZZ -
g : DGSIGUS\SI : ~ *
o 25— ' = ©® - WZ/Z + jets
> = . - | . —
W oof 22511 : o 15 ‘
E . L + ZZ - 212t
15'5 : 10~ 13 events
10 LHE & = . 1 5.6 from bkg!
TR
L Dhpbt, 1 oL L. oo o
106750 200 250 300 350 400 450 500 200 400 600 800
Four-lepton mass [GeV] m,, [GeV]

ZZ Nobsia)  Nsignaya Noig(41) O mcasured (pb)

ATLAS 85 70.5+1.7 1.5%1.3 3 S R

CMS 71 64.3 t 4.4 1.3 £ 0.5 84+1.0x0.7x0.4
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Limits on anomalous gauge couplings

Observed rates and differential distributions do not allow for significant
contributions from anomalous gauge couplings
- 95% C.L. limits on anomalous couplings are extracted;

ap

to avoid unitarity violation at high energies, a form factor  a($) = e

is introduced.

IR ™ s ™Y CMS Preliminary s =7 TeV, L =5.0 fb”

T T T I T T ] T T T I T T T
ATLAS Preliminary f ATLAS, V8 =7 ToV s T T T | T
B 460" A=c 1 '0—0 04 — Obesrved pp—=2ZZ—
wee ATLAS, 15 =7 TeV R —
— 461", A= 2TeV &= Expected+ 1o g59 ¢
Agf Fommmmel ==«CDFys=196Te2V | | 7= Expected = 20 A = inf
71 A=2TeV
. 002 :
- eﬁ == D0,15§=196TeV _| /
$ 41 A=2TeV
=, A
2z koomd WEZ =5 IVIT Un -
95% C.I.
- _ | 0.02F -
A :" _____________________________ — u No form factor assumed
: it phis eyl Yyt bty t—————y—— =1 aTGC values outside contour excluded
| | | | 1 | 1 0.04 0102 0101 (; 0101 0 (1)2
06 -04 -02 0 02 04 06 08 ' ' ' ' iz
5
WZZ couplings ZZyand ZZZ

couplings

LHC limits are surpassing limits from the Tevatron
(significant gain expected with more data)
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Final cross section summary
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Final cross section summary

CMS
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Production Cross Section, Oyot
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3.4 Search for the decays B; =2 u"u-and B_S 2 u'w

Rare decay in the Standard Model: Braching ratio for B, 2 u u is

(3.2+0.2) 107
» Contributions from New Physics can be large
(also from non-SUSY models)
Standard Model MSSM
HO /AP 3
/\\ /"/\.'\ // \‘\ / / \\\ J / \'\
~tanSp o
5"(0
VAV V4V, P — M_
d ¢
< \VAVAV VN SN
s 7(0

w|a

W
Huge b-production rates at the LHC - all LHC experiments are searching

for this decay mode



Candidates /0.025 GeV

The data:

| 2011 data (5fb 1)
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The limits:

T 1

T
D06 fb

PLB 693 (2010) 539

CDF7fb”

PRL 107 (2011) 191801

CDF10fb™",

www-cdf.fnal.gov/physics/new/bottom/120209.bmumu10f

ATLAS 2.4 fb™

ATLAS-CONF-2012-010

CMS 4.9fb™

SM Prediction

CMS PAS BPH-11-020

LHCb 1 fb™’

LHCb-PAPER-2012-007

(68% CL region) |
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BF (B —u*Ww)x 10° @ 95% CL

NEW LHC
combination...



	Cargese_2012_Jakobs_01Teil2
	Cargese_2012_Jakobs_02Teil1



