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CMS/

Dibosons @ CMS

e Leptonic decay channels only
CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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36/pb (2010 stat.):
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Physics Motivation

e Important test of the Standard Model, sensitivity to self-interactions between bosons

e Diboson production as indirect probe of New Physics
» enhancement of production cross section

e anomalous TGC

o hint of new physics, if not high enough energy for direct production

e Improve background modeling for
» Exotic channels (WZ, ZZ)

» Higgs searches (WW, ZZ)

e Inferest here in measuring:

e production cross section, TGCs

» leptonic mode:
clean signature, low QCD background
(reduced BR)




TGC measurements

e Considering CP conserving effective Lagrangian + SU(2)xU(1) gauge invariance

« WWZ/WW Yy
0 LZ‘;}VV = -1l gWWV (WJVW“VV _ WIIVVWM/) +®W’IWVVHV + g%wguwyvpu]

where V =v,Z gww~ = €, gwwz = € cotby

o ZZY
"I = Pm.—q WX gss - 4ig*) lP'[':ﬁP'qzﬁi'g“"‘ 45 P’ +@=‘“"‘“"¢r;- +P“e"""‘""P.--rez.r]
r i z
o ZY Y
o by replacing p? ,"?: : pf o ”/ -k;-',z -

* SM expectation: @ kKi=1, Av=0 hV3, hY4 = 0 (tree Ie@

e Measure here, deviation from SM expectation: Agl, MKy, Akz, Ay, Az

AQ{ — QIZ - 1. .AH.Z =Ky - 1. ’\Z




Objects used (CMS)

. . L4
e Profit from precise measurements b Electrons: * Muons:
 high eff. reco & ID on a wide range Inl<2.5 - Inl<24
» pr> 10GeV/c » pr>10GeV/c
:-Pho’rons ........................................ . (down to 7GeV/c for 22) . (down o 5Gev/c for Z2)
Inl <144 11157 <Inl<25 : , , | |

Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
---- Photon

o Er > 10GeV

» energy scale within 2%
(FSR Z->uu v to cross check)

e Taus:

o reconstructed in e,u hadron decays

o Thad [N < 2.3

o Thad pT > 20GeV/c

» -

Algorithms safe-against pileup |

(2011 analysis)

Single Prong Three Prong  Single Prong + Strip




2010 36/pb Zy -> Il r (l=e,u)

e Signature: @ , '('t;)l'"l"'l'"l"'l"'l"'li"l"'
= - CMS, 36 pb’
° - - 9 ,
2 Iso-Id lepton + Iso-1d ¥ LE \s=7TeV
° PT(I) > ZOGQV/C 10 R 77 % —E
: Ratio method
o M(ll) > 50GeV/c2 i Sh thod
° ape method
°| ET(7) > 10 GeV against soft r 1 " MC prediction
o/ AR, 7) > 0.7 divergence
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= - o Zy—>eey data 0 5 - e Main backgrounds
- 160 .
> - O Aopuydan 5 : - QCD / tt / Diboson
140 o L o — o ZJets
5 o O¢ o%® i ) _
120 e, * ° — e Background estimate:
- e -
- O A
100 $ ot ®¢008 ee — » Jets faking photons: Z+Jets
5 eSO i
80L-" 5 '9) ‘o(?o- | - o fake rate (ratio method)
[ o ® CMS, 36 pb -
6%"“"""""""""""""""'- o cross checked with template
0 60 70 80 9 100 110 120 method (cluster shape)

M, [GeV]




Events / 10 GeV

2010 36/pb Z7Y Cross section CM/S"

e Main uncertainties

. ' LA ' LA I LA l L l L ' LA ' . " L ' N
102 \C’:_L{S, 36 {)]bl »— Data = | llll.('i?l'l.ili:l:r.§° :ll:lill sourees
s=7Te 7 = A 4.3 - 5.8% | PDFs / energy scales
Z 3 v ) f | 5% v/ lepton TD-Tsolation
10k — Z+jets _ backgrounds | 9.3 — 11.4% Z + jet
3 y =
E --- aTGChy =0.12 :
: "+""§_ ___________________________ -
| E : =
7 E
E * I Event summary
10 3 E Process Niky Nitig
z . Z+jet 205+1.7+£1.9[273+£22+23
z _ : other backgrounds neglected
102 | E G Vo A el S i "l (Al Vi (O el 'dll datd 81 90
20 40 60 80 100 120 140 160 180 200
1
E! [GeV]

e CMS 36/pb:
/P olpp = Zv+ X) X B(Z — ll) = 9.4 £ 1.0(stat.) £ 0.6(syst.) £ 0.4(lumsi)pb

olpp = Zy+ X) x B(Z — pp) = 9.2 & 1.4(stat.) £ 0.6(syst.) £ 0.4(lumsi)pb
olpp = Zv+ X) x B(Z — ee) = 9.5 + 1.4(stat.) £ 0.7(syst.) £ 0.4(lumi)pb

e NLO prediction (Bauer): 9.610.4pb




2010 36/pb

e Signal selection:

» Iso-Id lepton + Iso-Id v + MET > 25GeV
o pT(l) > 20GeV/c | n (u)l < 2.1

» 2nd lepton veto

of ET 10 GeV
(r)> © against soft 1

| AR(l,7) > 0.7 divergence

Events

10°
e Background estimate:

o Jets faking photons: W+Jets

o fake rate (ratio method) -

o cross checked with template method (cluster shape)

o WY->T as background (f: O(3%) from MC)

Wy > v 1 (lze,u)

cMms~

e Main Backgrounds:
o Wets/ttJets/zJets

» QCD/PhotonJet

o ZZ/WW/WZ

o ZY
K B EEAE BARA EEAN REEE IEEN REEN LEEN LELY

| (a) CMS, 36 pb”
\Ns=7TeV

E 2%~ Ratio method -
[ Shape method
r MC prediction 1
I
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2010 36/pb

e Main uncertainties

WY

Cross section

> 104 E I l LI B | I L I LI | I LI | ] LI | I LI | I LI l LI | I LI E

= -1 .

uncertainty Imain sources 8 - CMS, 36 pb ]

Ae 5.2 — 6.1% PDFs / energy scales o 10°kE \Ns =7 TeV ’ a ataM C + back ds =

Iz 1.6 — 1.9% | v TD-Tsolation [ EP*** selection i Y. + backgrounds 3

: <A £ ‘ -

backgrounds | 6.3% Wi et N 777777, WHets ]

= 102w Other backgrounds -

S  E o - aTGCAK, =0,4, =05 °

> - - - .

N M

4444 A S, §

E + v =

vent summary ) . .

- - N it 1 =

process "\'b.'cg ;\';J_,‘_y 3

W jet 220+ 16 =14 | 261 =19+ 16 (77777772444

Ut}]er })A('kgr[n“l(]H T? L ”-3 ]6-1 —L 1‘) 10-1 i BT O TR A S BT A DR E BTSN BT R SRS E ST B E
all data 452 H20) 20 40 60 80 100 120 140 160 180 200

E' [GeV]

e CMS 1.1/fb: olpp > Wy + X) x B(W — lv) = 56.3 £ 5.0(stat.) £ 5.0(syst.) & 2.3(lumz)

olpp > Wy + X) x B(W — ev) = 57.1 £ 6.9(stat.) £ 5.1(syst.) = 2.3(lums)
o(pp > Wy + X) x B(W — pv) = 55.4 £ 7.2(stat.) £ 5.0(syst.) £ 2.2(lums)

e NLO prediction (Bauer): 49.41+3.8 pb




e 36/pb (2010 data)

2010 36/pb

» Er photon spectrum as reference

« profile likelihood fit

o Sherpa + Bauer

limits at /s = 7TeV

‘Phys.Le’rt B701 535(2011)

Ly

WWey LLy
—-1.11 < Ak, < 1.04 —0.05 < h3 < 0.06 —0.07 < h3 < 0.07
—0.18 < A, <0.17 | —0.0005 < hy < 0.0005 | —0.0005 < hy < 0.0006

Good sensitivity to hs
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2011 1/fb

ZzZ -> llll (4e, 4u, 2e2u, 212 T)

" Signature:

o Z1: ee, MU
o pT(l) > 20,10 GeV/c
0 60 < M < 120 GeV/c?

\_

o 4 Iso-Id leptons (l*a l7a, *b Ib)

o Z2: ee, MM
o pT(e,u) > 7,5 GeV/c,
0 60 < M < 120 GeV/c?

T T (->e,u,hadronic)
pT(T ->e,u) > 10 GeV/c, pT(T ->had) > 20 GeV/c
30 < M( T T Visible) ¢ 80 GeV/c?

.|.

(0 SIP3p cut )

e Main Backgrounds:

o heavy flavor jets: tt/Zbb

Events/50 GeV/c?

o control region on SIP3p reverted

» Jets faking leptons: Z+Jets

o fake rate

o Jets faking T: Z+Jets/WZ

o fake rate

CMS Preliminary,\/s=7 TeV, 1.1 fb”

7_' 8 BLELILELE NLELELEEN NLELEL AL ILELELELE B
3 e DATA
Hzz - 4

T Bz +jets
4

3

2

1

900 200 300 400 500 600
2
M, (GeV/c?)




2011 1/fb ZZ cross section

* Acceptance: e Main uncertainties
o order 60% for 4e, 4u, 2e2u SONTCE uncertainty
] . o7
o order 20% for 212 T '_'”ggej" ) I""f e
lepton identification 3
lepton isolation 2%
lepton energy scale 1%
. PRI, {74
Event summary data-driven T recoustruclion bf
T N N 7 energy scale 3%
: ]
Final state N obs Nesnmateu:l Nexpe;tea
4 2 0.004 =0.004([3.7=04
4 0 014 =006 ||25x=0.2
2e2u 6 015=0.06 |163=x06
2121 1 0.8 =0.1 ) \1.4 + (.1

e Simultaneous constrained fit on all channels,

e CMS 1.1/fb: clpp = ZZ+X) = 3. 8_12tstat ) = 0.2(sys.) =0.2(lumi.) pb

e NLO prediction (MCFMvé): 6.410.6 pb
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2011 1/fb WZ >y, (Il =e u)

e (Signature: '|‘ (. second Z veto )
o 3 Iso-1d leptons + MET  (l*a l7a lb)

e Z candidate:
o pT(e)>20,10 GeV/c pT(u)>15,15 GeV/c
0 60 < M < 120 GeV/c?
W candidate:
o pT(l) > 20GeV/c
o MET > 30GeV -

\_ Y, CMS Preliminary 2011 Js =7 TeV
> 1 1 L] L 1 l L 1 L] L I L] L 1 L] I 1 - L] L 1 I L L] L I L] I .
5 10° Ldt=1.09fb"
X ol 4-Data B W+Jets
[ . ’) s -
Main Backgrounds: ~ |0 VY B
. . = BlZ=+Jets [JWZ-=3lv
» jets faking leptons: Z+Jets/tt 2 -+

10

o Matrix Method

—

Nops. = 6]\[sz’g'n,a,l + pfakerkg

<

» mis-reconstructed objects: ZZ/Zy

o
[

o« WZ->T as background (f: O(6%) from MC) p =0 - N 100 m 1%0
o (1-f ) subtracted m, (GeV)

13




2011 1/fb

e Acceptance

o kinematic A order 50%

Event summary

WZ cross section

\\\(g

}
1

e Main uncertainties

uncertainty

mMain Sonrcees

Sample el 2elpu

F=Ae 2.8 —32% NLO Effects / PDFs / Lepton energy scale
i 3.6 —6.7% reconstruction; ID /isolation
background | 1.5 — 2.8%/3.5 — 5.5% top / Z+jet
le2p Oedpu

( ZJets—tt || 1.76 = 0.67 | 2.54 = D.86

1.60 = 0.58

218 = 0.76 )

ZZ = 4l 0.40 = 0.02 | 0.95 = 0.03 |

0.40 = 0.02

D.97 = 0.03

V' 0.8 =04 0.1 =0.1 | 0.03 = 0.03 0.00
WW — vy | 0.02=002 | 0.04 = 0.03 0.00) 0.00
Background | 298 = 0.78 | 3.63 = 0.87 | 2.03 = 0.58 | 3.15=0.76

B data-driven

WZ — il
AllMC
Daota

1447 = 0.285
17.450=0.83
9

174 =031

20

e Cross section * BR for each channel

21.03=0.92 |

13.95 = 0.28

15,85 =0.64
13

18,56 = (.32

21.71 = (.83
20

channel | Npeorved cross section (pb)

OWZ—eeev 22 0.086 = 0.022(stat) = 0.007(syst) £ 0.005({wumi)
TWZ —eeny 20 0.060 = 0.017(stat) &= 0.005(syst) = 0.004(lwumi)
OWZ - pev 13 0.053 £ 0.018(stat) = 0.004(syst) £ 0.003(lumi)
cq..,xz_,!,‘;m, 20 0.060 = 0.016(stat) £ 0.004(syst) £ 0.004(lumi)

e 2011 1.1/fb CMS: clpp - WZ+X) =17.0+2.4 (stat.) = 1.1 (syst.) = 1.0 (lumi.) pb.

e NLO prediction (MCFMv6): 18.75%-05 580 pb
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2011 1/fb

WW >lv,lv (I

= e, M)

(o

e (Signature: jet veto (pT > 30GeV)
o 2 Iso-Id leptons (I*a I'b ) + MET » b-tagging veto
» pr(l) > 20, 10 GeV/c (leading, trailing) e Zmass veto (within +15GeV)
\ J
o AQ(ll,jet) < 165°  (pr(jet) > 15GeV)
» 3rd lepton veto
o proj. MET>40GeV(ee,uu) MET>20GeV(eu)
> 1 L 1 I 1 ] L I I 1 L 1 L
8 | -e- cata top CMS preliminary o transverse component to closest lepton
o 150F  ww | wzzz =118 = if AP (METI) < /2
B " ) zriets [ Weets \ )
Q i
I= ! 1
@
100 - - _
- . e Main Backgrounds:
« Jets faking leptons: QCD/W+Jets
50 | - o fake rate
| ;i o hard-flavor jets: tt/tW
! ¥. o b-tagging mis-tag rate
O | 1 | | 1 1 3 f’"**w_ )
0 50 100 150 » mis-reconstructed lepton: DY

orojected ETSS (GeV] o control region in Zmass window
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2011 1/fb WW cross section

e Acceptance: e Main uncertainties
» kinematic A order 70% SOULCe uncertainty
background estimation ~ 20%
VL i ST
Event summary W+ jet §(»[/f..
Sample [ Yield Yop 257
~ qq — WTW™ | signal efficiency ~ 8%
g+ W W T = o =0/
W e AR le[:;)n e[[l(.lellf..Leh l.o. f;-.)/(,
4 P 618 = 159 B data-driven E5% resolution 2.0
2y o A WEZ 4 22 122 +5.3 jet counting 5.0%
i/ — 1T 16 =04
WZ/ZZnotin Z/7" — £1 85 =09
Wy 87 =17
(" signal + background 568.6 4 52.2
_ Data 626
e CMS 1.1/fb: cw+w- = 55.3 = 3.3 (stat) = 6.9 (syst) = 3.3 (lumi) pb.
o CMS 36/pb: 41.1 + 15.3 (stat.) + 5.8 (syst.) + 4.5 (lumi.) pb
e NLO prediction (MCFM v5.8): 44.5pb = [43.0£2.0(qq->WW) + 1.5(gg->WW)] pb
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(CMS/

2010 36/pb ry WW / ZWW

e 36/pb (2010 data) limits at /s = 7TeV

N '_.0.6 LI B | I L I LI | I LN B | I LI I 1 1 I-

: Kl
* leading lepton pr spectrum as reference < [ CMSNS=7TeV,L_=36pb’

e Sherpa + MCFM B

‘ Phys.Lett. B699 25(2011)

L oSGV St : 2 :
(3 15-_ —=— Data ] a0 e E
K - SM prediction - i )
- . I Background | _O.?)'...n...n.. ! Lt 1
g F Bkg + aTGC(h, = -0.5,Ax, = 0.75) - 06 04 02 0 02 04 06
2 10 » _ A,
M s i

- - ;’1-5-'"l"'l"'l"'l"'l"'l:

i 1 i < | CMS\Ns=7TeV,L_=36pb" ]

5 * ] ] l:— a4 gf =0 . _:

! | - : :

- | 0.5 /\ ]

% 3 4 50 6 70 8 9% 100 Un B

Py [GeVic] \ j ]

-0.5F B

Az Aglz AK,), i T . i

Unbinned fit | [—0.19,0.19] | [-0.29,0.31] | [-0.61,0.65] 1F B

[, { SR I SN SRR R R
'-%.6 -04 -02 O 02 04 06




e Diboson cross section measured e TGC measured for

- WWWZ,zZ 1/fb data (2011) « WW,Wr,zr 36/pb data (2010)
e WY ,Zy 36/pb data (2010)

— ! ! ! ! !
A laptbnic final state {1 = e 1)

= #» Theory

| I L L

| CMS ey, terry, |

lll I lllll

8 . —y - -
T A o R 2L L
| IIII|

107

| S

107
107

Production cross section [pb]

L L

36pb”  36pb’ | 36pb” | 36pb! | 1.1fb° i1.1fb" KRR

10° W 7 T W
. - ¥ - b -~ ) W 2 H
*N *H 7 ey s ity V. Ay, < Ay < My "0 2

All results in agreement with SM expectation...

..crucial results to come (> 5/fb available now + combination from all channels)




