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Outline

U The Higgs boson and the ElectroWeak Symmetry Breaking (EWSB)

[ Status: CMS results in a nutshell, focusing on high mass H->VV

J What’s next ?

= move to larger mass (>600 GeV beyond SM)

* control of V+jets background
* jet merging

* signal characterization (angular analysis)

= improve sensitivity to smaller xsec -> Vector Boson Fusion

* control of VV background

O The final arbiter: VV scattering
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Why we need the Higgs

The Higgs boson provides

1) an EXPLICATION of the W,Z mass (ie EWSB)

2) a DESCRIPTION of the fermions masses

= 1 is really fundamental to make the SM “working” (next slides)
... even if not less arbitrary!

= 2 is just another way of formulating the same question:
why the fermions have those particular masses?
why the fermions have those particular Higgs couplings?

(SM works well without 2: just the fermio-phobic Higgs)
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EWSB and the W, Z mass
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Higgs and unitarity in VBF

W,Z mass (-> longitudinal degrees of freedom) arise from the Higgs mechanism:
without Higgs, W* W~ ->W* W~
would break unitarity

Vector Boson Fusion (VBF)

Same behavior for all VV amplitudes

R 1 s*
A(ZLZL —W, W, )“_2(_5'*‘ 3 ) (s channel only) SN W JYS
v S —my w?
W lw
1 t’
gy — ZLWL)z—z(—t+t : ) (t channel only) canaleT  QGC
v —my,

2

1
A(W;WL‘eWL‘W;%—z(—u-H L.
v u—m,

»
S
WS

m
(t and u channels)

VBF is the smoking gun of the EWSB !
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VBF and VV scattering

 VV scattering spectrum o(VV->VV) vs M(VV)

is the fundamental probe to test nature of Higgs boson or to find alternative EWSB
mechanism
a(s) A | Ag<lTeV Ag>1TeV SM No-Higes..
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 Whatever we will see or not see at low mass (<2xm,,), the EWSB mechanism
must be probed in the VV final state

= search for possible resonances in VBF

= measurement of VV scattering spectrum
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Higgs production and decay
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Combined observed

! CMS P'relyim‘inéry,is' “7TeV
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» WW=Inqq, ZZ->llgq limited by huge V+jets background, taken from simu/data
with large theoretical/statistical error

» WW->Inln at high mass limited by signal << WW background (A¢ not effective)

m ZZ-lInn: ¢ 200-400 GeV limited by non-Z background (top, W+jets, WW)

e >400 GeV limited by Z+jets tail at high MET: not large but not well
known (controlled with y+jets - statistical error+met uncertainty)

|:> drives the UL for mH>300-400

m ZZ->4l limited by statistics (only ZZ background: small and well known)
|:> drives the UL for mH 200-300



Future

Improvements
?

» Combination of >5 different channels
(ele, mu, btag, ...) Robust!

95% CL limit on o/og,,
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= \Very optimized analyses, some space for further improvement. With higher lumi:

e use shape analyses (where not yet done)

e extract signal with multidimensional fit (now only mZZ fit)

e extract background (norm and shape) from data with lower uncertainty
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What’s next ?
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1 TeV masses: not anymore “the” Higgs

RS Graviton vs SM Higgs:

- General search for X=>VV->4f:

exotic models (eg, Technicolor,

ExtraDimension, ...)

CMS AN-2010-35:
Angular Analysis of Resonances pp - X - 2Z

A. Bonato, A.V. Gritsan, Z.J. Guo, N.V. Tran, A. Whitbeck
Johns Hopkins University, Baltimore, MD, USA

\sec larger than Higgs:

first, repeat “Higgs” search for
different spin, width resonance

at high mass still very low
number of events per fb!

| Signal Channels |

| | 140GeV | 250GeV | 500 GeV 1TeV |
a(Hgy — ZZ™)) 0.26 x 107 [ 1.14 x 10% [ 2.40 x 102 - |k
o(Grs — ZZ)ate=0.01 - 1.94 x 10° | 6.83 x 101 1.41
(G rs — ZZ)atc=0.05 = I83 < 10% [ 1.69 < 10° | 3.53 x 10!

o(Grs — ZZ)ate=0.1 = 1.94 % 10° | 6.76 x 103 | 1.41 x 102

B(Hsy — ZZ™) 0.068 0.295 0.260 -
B(Grs — Z7Z) - 0.052 0.049 0.046
B(ZZ — 4l) ~ 0.067 x 0.067 ~ 448 x 10~
B(ZZ — 212j) ~ 2 % 0.067 x 0.699 ~ 8.96 x 10-2
N(Hsy — ZZ™) — 4u) 0.52 0.64 0.13 -
N(Hsy — ZZ™) — 4e) 0.52 0.64 0.13 -
N(Hsy — ZZ™) — 2u2e¢) 1.04 1.28 0.27 .
N(Hgy — ZZ — 2u2j) - 224 38.9 -
Ni(Hgyy — Z7 — 2¢27) - 21.5 455 -
N(Gprs — ZZ — 4u) ate = 0.01 1.7 0.06 0.0013 ¥
N(Grs — ZZ — 4e) 1.7 0.06 0.0013
N(Grs — ZZ — 2u2e) 34 012 0.0025
N(Grs — ZZ — 4p) ate =0.05 429 | 14 0.028
N(Grs — ZZ — 4e) 42.9 1.4 0.028
N(Grs — ZZ — 2u2e) 85.8 —28 0.055
N(Gps — ZZ — 4u) ate=0.1 162 | 53 0.11
N(Grs — ZZ — 4e) 162 53 0.11
N(Grs — ZZ — 2u2e) 324 10.6 0.22

- importance of
semileptonic final states
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Available results: ZZ

O CDF search for G=>ZZ: same features discussed for high mass Higgs @ LHC
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CDF “bump”
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Available results: W+2jets
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Control of V+jets

O Control region (eg, Z->jj sidebands) has very low stat for M(lljj)~1 TeV

O Improving theoretical tools (Blackhat, Madgraph, ...)

¢ test them where we have statistics

e rely on them to extrapolate at higher energy/multiplicity

February 2012, DESY seminar 14 S.Bolognesi (Johns Hopkins University)



d QCD measurement (jet p;>20-30 GeV):

— syst. dominated by jet
scale, PileUp removal

V+jets

[ Data unfolded for detector effects - compared to

— CMS, 36 pb™’ \s =7 TeV
I NLO (“hadron level”)
S v ——CALOjets anti-k, R=0.5
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do/dy [pb]

Theory/Data
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V+jets at Tevatron
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High mass: what's new ?

L Can we simply keep the same Higgs analysis strategy? Not at very high masses!
L New experimental issues at very high mass (1 TeV and above)

X = boosted VV - jet merging (and nearby leptons)

O Unknown signal and very small background = no point in pushed optimization! Keep
model independent approach as much as possible

O How to disentangle the various models?

e peak - mass and width, xsec and BR

e spin! = angular analysis
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>1 TeV M(ZZ)->4f : jet merging (1)

U Jet merging:

| M . approx
AR, ~ = > AR 0.8 (CA) > M,>600 GeV
z(1-z) p,
(z=p, 115, AR 0.5 (Akt) - MX>9OO GeV

Handles to distinguish wrt to jets from QCD (eg, X=>7ZZ->212j VS Z+jets):

= jet mass

Events / 5 GeV/c?

N
(=]

ttbar > WW->In (jj)

CMS EXO-11-006

CMS Preliminary, 490 pb‘1 at\s =7 TeV
LI} I T T T I T T T I T T T I T T T I T T T I T T T

mQpA =82.75 £ 2.38 GeV
my” =82.00+ 222 GeV

M Top
OWJets

[JQcb

¢ Data

— Data fit
- -MC fit

20 40 60 80

100 120 140 160 180 200
Mass of W-Jet Candidate (GeV/c?)
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Jet merging (2)

Handles to distinguish wrt to jets from QCD (eg, X—>ZZ->212j VS Z+jets):

= jet radiation:

no singularity, just decay! soft/collinear singularity in QCD
Boosted Heavy Particle QCD Jet
2081 2087 =
0465‘ ' 0.6F X
0.45— el 04f ¢
0.25— 308 .' 02fF 2
05— oF
'0:-_ Pk . .
_0442_ ‘- 04 s
06

0'-%.8 06 7 -02 0 02 04 06 08 Ol%.S 06 -04

Softer splittings. Unequal sharing of energy
(note only one hard center)

Hard splitting, energy shared equally

JHU seminar: Path-Integral Jets by David Krohn (Harvard)
www.pha.jhu.edu/groups/particle-theory/seminars/talks/F11/talk.khron.pdf
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Jet pruning

L Remove all parts of the jet which are
soft and wide angle

L QCD jets mass substantially

£
— UE = . arXiv:0912.0033v1
decreased -> lower backgrounds ; Noue &%
% % 0.15
Boosted objects mass reconstruction R £ o008
improved £ 0005560 150 300 350 300 < %% E5 100 150 200 250 300

mj [GeV] mj [GeV]
(a) unpruned QCD jets (b) pruned QCD jets

g F-
o T 007
. 2 2 0.06

Typically used for boosted top or 2 2 005
= = 0.04

boosted H>bb ... “g § 03
z Bl 0.01
= 0'0?40 150 160 170 180 190 200 210 <= . 40 150 160 170 180 190 200 210

mj [GeV] mj [GeV]

(¢) unpruned top jets (d) pruned top jets
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Example in X>Z7-212;

¢ RS Graviton
First look at Z boosted (no numbers yet) ...
ot ( vet) e M, 1500 GeV
preliminary, A.Bonato, R.Covarelli G
e CAO.8
X->ZZ->212q signal Z+jets
- = h 1 8_b - ] i -
Mass of highest pt jet (AR;,<0.8) Arni]cas-b Mass of highest pt jet (AR,,<0.8) hmjT_ca8-b
) 3000 L U L L L L U Mean 109 - Ly e s B s e Mean 36.78
q>) [ RMS  24.32 (]>J 10* = RMS  18.19
2500[- before jet pruning hmii_casp & H* ; before jet pruning omi_caf b
E after jet pruning z:n:l 8216..62217 103 = after jet pruning hRn:nasn 211;:
2000 — . ]
1500 = 102 E
1000 - ]
N . 10¢ S
500 - - ]
0 - T R T L OO vl e O] Pl it ‘ I S ‘J:L ; 1 ; co v b b b v by b g by I-“_
O 20 40 60 80 100 120 14“% [%’e\}]s‘ 0O 20 40 60 80 100 120 140 160 18(
J1 M, [GeV]
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Angular analysis (1) Fa i\
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CMS PAS -11- 017

[ ]
Angular analysis (2 Cus protminary 011, 1610 \5=7Tov
6 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

S1600F . E

= C [z + Jets 3

gmoo:— I zzwzww

U Can be clearly used to disentangle different 512001_ [ ttw E
. C — H(400) x 100
signals... but what about background? /71000:_ (400) 3
s00f- E

O Already used in H->Z7-212q: cut on likelihood s00F 3
e signal: ideal x uncorr. accept 400 E

e Z+jets from MC: no correlations, 200F E

(background from jj sidebands) % 010203040506 070809 1

Angular Likelihood Discriminant

U To optimize further (multidimensional fit), need full theoretical description of
background:

- . T T T ] E T . T . 3 T T T
qq ; ZZ' | 000 gty aF iy S [“+, Py
o ™ il . L o~
10000 ~ » LIS ‘I X "-. o
= ", Iy
3 . N ~ r - B 4000 .vs
o o o L
2000 p =
‘ 20004 —
w A P w w i
e sar 1000 -
P TS FE RS FTEEE F PN PR S URT ST SRR U [} PPN N RS FETE T
- 45 0 s - -2 2 -1 02 Q £
cose” ‘, cos8, Or com,

= gg also available - can be used to disentangle qq-gg!!
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What’s next ?

b% | CMS Preliminary,\s=7TeV | e opserved | |
S Combined, L =4.6-4.7 fb” B Expectedt 1o
c
S 10 =
E
_
O higher mass
S
0
o
10'1 1 IIEIIIIIIl]IiIIIIiIIII
100 200 300 400 500 600
on mass (GeV/c?)

lower xsec
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First LHC to Terascale Workshop (Sept 2011):
LCH at LHC by J.R. Espinoza

Improve sensitivity

(1-28)"
d WHY? Models with lower xsec 20! I-£
Ex of (light) composite higgs:
1 X 1 1
p?— m% " 1+€cH p?— 2
.< r"‘tgx(srﬂtbﬁ‘[fé }J} (-&
3 3 ,
h___ l;_ (SM3 SH 0.2 04 0.6 0.8 1.0 %
; \/—\/“""\/\/\—/
SNV L~
0 How? for swall £ pwebic

= Factor 5 in luminosity wrt to present results

= Improve theoretical control of

e signal: > NNLO&NNLL effects, precise mass shape prediction,

signal-background interference (back-up)
(studied in the Higgs Xsec WG and documented in 2 Yellow Report)

e background: - control of ZZ, WW ewk continuum
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Diboson production (WW,WZ2,Z2)

qgbar - VV gg—> VV
,, .- . TeC ,(, -
st S oy o (LHC: few % of
"1 e TGC e 1 NLO qgbar + ) xsec with ~50%
) a2, % uncertainty)
T W q W g W
WWWZ,727 forbidden for ZZ forbidden for ZW

1 SM test: TGC fixed by ewk gauge structure

— any deviation from SM in VV xsec is direct hint of NP in bosonic sector

O Backgrounds for high mass Higgs—>VV

LHC focused on leptonic final state, Tevatron looked at semileptonic but
limited by systematics (V+jets)
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VV: theoretical prediction

1.05
qq—>ZZ NLO + gg—>77 1

MCFM 8.1, MSTW2008
—pp— 22" — 2e2u

0.95

—qq — ZZ° - 2e2u
0.9

—gg > ZZ* > 2e2u

%))
IIIIIIIIIIIIIIIII
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i TR T e L0 © B S N— | -
M, [GeV/c?] o F ; g :
T s et DY L1 WL S
1 Uncertainty dominated by QCD part 9 b : : ]
z I i i o - =
L WW in jet bins: uncertainty on o(>=N) + 09_4.44;_
modeling: MC@NLO vs ALPGEN . 8__
Aoc=p (%) | Ao>1(%) | Ao=2 (%) | Ao=3 (%) 07——
3 6 42 100 0.6F- | ' | o
; 1 i 111 i L1 11 i 111 i 1111 i 11 I:

0.5
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/Z—>4l: measurement

L 4l is 0.5% of ZZ xsec but very clean

Dedicated EWK analysis with very low luminosity, Higgs results much beyond that

CMS Prelimingry,Js=7 TeV, 1.1 fb”

7_! LI I L) I T LI I T | rrrT | T L
i / e DATA
Bzz - 4

BZ + jets

observed events: 8

Events/50 GeV/c?
T

N W I
|

expected events: 12.5+1.1

foo 200 300 400 500 600
39% M, (GeV/c?)
0(22) <3.8"}; (stal)= 0.2(sysi)
+0.2(lumi)pb

R ARAR RS Za oL

%J - 1 ~—DATA ]

G 161 Bz 7

e i Bz ]

:\_@ 14 i_ m,=350 GeV/c? i

5 = —m,=200 GeV/c® ]|

G>J 2 - —m,=140 GeV/c? |
W 1of

200 500 600

ma [GeV/c?]

(PP = ZZ+X) x B(ZZ — 40) =

281728 (stab.pt 1.2(syst.) & 1.3(lumi.) fb
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WW->Inln: measurement

= Dedicated EWK results only with very low luminosity,

37%

ow+w- = 41. @)

+ 5.8 (syst) £ 4.5 (lumi) pb

Events
(@)
()

30

Trrrfrrrr|rrrrJrrrrjf[rr
[ I I | I

lllllllllllllllllllllll
CMS\Ns=7TeV,L_=36pb"
* data
- wWwW |

Il Z+jets ]
B, tW ]
di-boson ]

Wjets —

20
10
. _ o 1 2 3 4 5
= Higgs analysis much beyond that: ets
/ \ _
data all bkg. G WTW™ [ gg—> WIWS | tt+tW W +jets
O-jet | 1359 | 1364.8 9. 980.6 £ 5.2 58.8 = 0.7 1473 £ 25 | 93 £5.0
1jet | 909 9514 £ 9.8 416.8 = 3.6 23.8 0.5 3348 3.0 | 7431+ 4.6
2-jet | 703 | 714.8 =135 wy +22 51+0 413.5+27 | 379 3.6
WZ/ZZ | Z/v*— 170 Wey Z/y* — 1t
O-jet | 33.0 0.5 16.6 = 4.0 26.8 +3.5 24+ 05 stat. and syst. errors
1-jet | 28.7 £ 0.5 3941+ 64 13.0 £ 2.6 20.6 =04 included
2-jet | 15.1 0.3 56.1 £ 11.7 10.8 = 3.6 21.6 = 2.1
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From VBF to VV scattering

q
[ First search for a VBF resonance, feasible in 2012

1 Measurement of VV scattering spectrum with
higher lumi (>50 fb)

Typical signature: forward-backward

“spectator” jets with very high energy q
- x0° . x10®
g 90 __—,1 —— ggH + 2jets E 60 e —— 8gH +2jets
© - [ — L -1 —
B 80 - VEF S T 15 VBF
- - = = tt+jets — - | - = = tt+jets
2 7. QCD-WW & S0 : L QCD-Ww | £
i 60: n % N l -':-:_ E
50 L [ - =
- ~— = L N
- 30— || i S
40__ : . — ey, e, - ~
E : I _|-'— e - ;
30 20— - RS Y
- L A
20— ok -
- 1o (1
10— e l - g
o:l _7“‘}4'llIl|IIIIIIlIIIlIllIIlIIIIIIIII_ll-I
1 %" 100 200 300 400 500 600 700 800
m. [GeV]
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Higgs-like resonance in VBF

(] RE-DO all the analyses in VBF mode

. = CM Breliminary, \s 2 776V [ e G Grsaried
O Today only WW->InIn. Expectations for next year: \oo"’\o - Combirfjgf"[:f‘iyfffbf V= o e o
. . . Og 10 — CLg E)fpectedchy
e lumi > 10 fb-1 VBFyieldsin 2012~ = | . SUMMEr2011 |- ooesn ooreves
. 3 :
e o(vbf) ~ 0.1x0o(gg) 0.5 gg yields of 2011 o\

_ summer results,
e 0.5 effic. VBF cuts \:

with much less background:

= 7Z->41 will be still limited by statistics 10 P Higgs boson mass (GeV/C?)

T T TTTTT

= WW->InIn will improve S/B (signal/10, WW*a.?)

= semileptonic final states will have reasonable signal yields + much lower
background than inclusive analysis

eg, ZZ->lljj: e signal yields for m,,300-500 ~ 15 - 5 events
e V+(N+1)jets/V+N jets ~ 0.15 - asking 2 jets reduces background to 2%!
¢ S/B may increase of a factor 2 (eff 0.5 x 5 0.1/ 0.02)
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VV scattering spectrum

+177 - +777 - 1
O In no Higgs case: A(WL W, —=Ww'Ww, )z — | -s-t+
v

BUT increasing of xsec at

high VV is suppressed by " PDF

* offshell bosons
 unpolarized bosons

- small difference btw SM and violation of unitarity (no Higgs)

%1 05 — Ofag,, ¢:2) reducible background E 1 — O(ag,, ai)

% — O(a%w) No Higgs % - — O(agw) No Higgs

; — O(a,) m"=200 GeV ;1 o — O(ad,) m”=200 GeV
O, .35 ) -

=10 = -

S s

SILH

-
S
~
-
o
-
7]

T

T™ '

1075 107
- W*W? scattering .
107 I
E - l A P B PR BT W T T WY l PR A | - 10_10’—‘ bl | L | ded | - L - -
0 200 400 600 800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

M(ll) [GeV] M(ll) [GeV]

acceptance cuts selection cuts

—> with proper cut (eg An jets) can be enhanced -> selection of the longitudinal W
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Longitudinal polarization

mH 500 GeV noHiggs (unitarity violation)

T ans|_ T ans
§ 100 — LL E 100
- 1T I
107 §—[ 107 E )
| -
10'55 108 =
10° 10° L
E | -
10"k 10
E ud->udWW->udcsuv E | ud->udWW->udcsuv
10_11 :l T T T T T 10-11_1 PR SRR TN [N T ST ST T [N YT ST S T NN Y SN SN TN [N ST S TN TN Y SO SO N
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500
M(uves~) M(pves~)
O Angular analysis can boost LL-TT separation (new!):
08—
partonic study inthe o7 w7 N &Y e WW tail (TT): neutrino
center of mass of W =\ Cu/pnalifngy /0 T WW tail (TT): lepton
0.5 Higgs peak (LL): neutrino
0.4 Higgs peak (LL): lepton
0'3;_ Transverse distribution
0'25_ Longitudinal distribution
0.1
9% s
cosf
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VV scattering: interference effects

U Big interference effects considered only in Phantom [

qq->6f O(0,°)

signal

JHEP 0603 (2006) 093
Accomando, Ballestrero, Bolognesi, Maina, Mariotti

irreducible background (oz,°)

A

reconstructed WW mass |

10”

| Illllll

g 10°

_

&

g -7

g 10

=]

U .

- WW approximated
10° without interference

ii IIIIIII

| | | | |

mh:500 all black
mh:500 WW red
mh:20000 all blue
mh:20000 WW pink

800 1000 1200
Myw (GeV)

400 600

8
s[

1400 1600 1800 2000

— ) ﬁ\ 2
JL?% +§<W et

do/dM (pb / GeV)
-
o

107

—  totale 6=0.718 pb

— notop 6=0.224 pb

no top, on-shell =0.200 pb

no top, on-shell, no tre bosoni 6=0.184 pb

T TTT

L Illllll

LI HHIII

WW signal with “a
posteriori” cuts

T IIIHII

=
—==

M(H) = 500 GeV

500 1000 1500 2000 2500
7 ) ) M(l, v, 2q centr) (GeV)
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Summary

O The first aim of the Higgs search is the understanding of the EWSB
-> focus on H->VV final state

O Main steps:

—_

= search for generic resonance X->ZZ->4f

= search for VBF resonance and — angular analysis

measuring of VV scattering spectrum

U Ingredients along the EWSB road:

= control of V+jets (jet pruning)

= control uncertainties on VV EWK continuum
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Sources

CMS AN-2010-35: Angular Analysis of Resonances pp = X » ZZ

A. Bonato, A.V. Gritsan, Z.J. Guo, N.V. Tran, A. Whitbeck
Johns Hopkins University, Baltimore, MD, USA

Y.Y. Gao ef al., Phys. Rev. D 81, 075022 (2010).

JHU seminar: Path-Integral Jets by David Krohn (Harvard)
www.pha.jhu.edu/groups/particle-theory/seminars/talks/F11/talk.khron.pdf

First LHC to Terascale Workshop (Sept 2011):
LCH at LHC by J.R. Espinoza

Boson Boson scattering analysis by A.Ballestrero (INFN Torino)
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From Passarino talk at last LHC to Terascale WS

Mass shape

Is currently computed according to
O Present approx:

* xsec for on-shell Higgs 0os(12)8(28 — 1) = oors(28)BW(28),

production and decay in at least at lowest QCD order, where the so-called modified

zero width approx Breit—Wigner distributions is defined by
e acceptance from MCwith __» 1 S5 /12
ad-hoc BW distribution BW(s) = — s >
I s — 2]+ (s /)
10-30% uncertainty on xsec where now 1, = M.

for mH 400-600 GeV |

bg L ATLASIOMS Preliminary [+ pannot be derived from QFT and also is not normalizable
S F - in [0, +o].
p — Observed , . . .
S o 55’%"“‘9" = @ Its practical purpose is to enforce a physical behavior for
E F io% det =1.0-231 - low virtualities of the Higgs boson but the usage cannot be
- [ —Observed w/o TH sys ] e
S [ - ExpectedwloTHsys 'S . Justified.
$° - @ This modified Breit-Wigner cannot be derived from QFT.
< [ — 4 @ Note that this Breit—Wigner for a running width comes from
- i the substitution of I — (s) = I's/M? in the Breit-Wigner
B i for a fixed width I'. This substitution is not justifiable.
- v 1 Study with QFT-consistent Higgs
10-1 T H
100 200 300 400 500 soo Propagator in the YR2

m, [GeV]



0.4

Higgs qT
0.2
O HgT: 9r>mH NNLO 00% 7777777
Gy << mH NNLL(rM f

2 2 [ NP |

In(mH?/q,?)) ozf A

- pp~H+X mz=165 GeV .

I Vs=7 TeV MSTW2008 nnlo ]

. . 04— —

Uncertainties: e factor/renorm scale - W ensihi e ‘ 1
) 2 5 10 20 50 100 200

* non perturb. effects ar (GeV)

(smearing with NP form factor)
e large mt approximation

. PDF 1.15
O 15 m L 1T 17T l T T T | 1T 17T l UL | T _125 G V
TTE XX MSTW2008 NNLO < E e [Ty = e §
[ ¥ 4 NNPDF2.1 NNLO 1 K g
e R g — - My=165 GeV [2
F . JROBVF NNLO - 1 | -
0.10— ABKM09~5 NNLO e B **, g
X 1 C ~/ O\ | my=500 GeV §
: : 1.05] ]
0.05 — = - / Y \ -
[ 7 IS RT KT TR xR - -
0.00 @mev"@%m 222 1

RRXIRRXX XXX X SI RS- e e X R R KR, - 1
B 0r o AN S R R x B §
RPN S = NS e T 3 : 7
—0.05 ?’z\:,;;\—"' N g 09.:;/ ;.‘.' ’ 1
X 1 0.9[LHC 7 Tev POWHEG+PYTHIA 3
=0.10 [—pp~H+X ~ my=165 GeV '« "I ratio of normalized dlstnbuhons 1
[ Vs=7 TeV 4- - R=(exact top+bottom)/(e'(fect|ve theory) .
ssx PDF errpr band X .
L4 R . s 3 0.85L 11 1 [ PRI T ST AN U B AT S W Y BB 1

0.5t f r:]; L e % 100 150 200 250 300

Qqy (GeV) p¥ [G eV]
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Reweight to HQT

O HQT used to reweight full event generators (POWHEG at NLO)

mH 120 GeV

-
o
[

arbitrary normallzation
=]
&
“p ||||I1TI'| |||||I'I'I'| llulml T T

50 100 150 200 250 300 350

400 450 500
Higgs p, [GeV]

mH 120 GeV

IIIIIIIIIIIIIIIIIIIIIIIIIII

T e Ry
Higgs rapidity

arbitrary normali zation
-
o

aa
e
3

10°

mH 500 GeV

e
N

arbmaory normalization
=
o

(=]
-

0.05

= Very small effect on acceptance in 41: 1-2%

PP PP [P (U PP IR PR [P [P
100 150 200 250 300 350 ﬁOO 45?69\??0

1ggs p,

mH 500 GeV

sl aa gl

il
25 3 35
Higgs rapidity

(larger if jet veto!)

Powheg

Powheg re-
weighted to
Hqgt

(to be redone
before PS)

HNNLO
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Signal: jet counting

O Analysis in exclusive jet bins * if background depends on Njets
(ex, WW+0,1,2 jets) o for VBF
-> theoretical uncert in jet binstobe 1} »
combined with correlations 08 /4
5 v LHC, 7 TeV
06 vnno = meem | different treatments of
) ) ) = B Mpé fip Uz =My | the uncontrolled higher-
® varying renormalization and S o4 "A=HRM=2 | order O(a3s) terms

factorization scales in the fixed- 02
order predictions for each exclusive/ .
jet cross section oN

i.e., different NNLO
scheme (a) L] { expansions

scheme (b) [ -
scheme (c) ]

with error propagation

02 L :
(results as 100% correlated) 0.01 : T pety

1 ;llIIlIll]IlIllIIll]IlIlIlIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILL

= inclusive xsec (0=Njets), as source of 0-8;- - E
perturbative uncertainties \ cosf 4 STy §
i;- 3 ;\[,,:165 GeV 3 J
- o>N — 6>N+ 2 0.4f || < 3.0 =

oN =o2=2N - o>N+1 EENNLO

0.2 ---NLO —;

direct excl. scale variation

0 10 20 30 40 50 60 70 80 90 100
P [GeV]
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Signal: jet veto

= Resummation of jet-veto logarithms ( In(p_,/mH) ), induced by jet cut parameter p_,,
Presentlv doable onlvy on beam thrust variable
Tow = |Frele” ™l = S (Ey — |p;|) (“raw approx of p,)
and useéi to reweight I\/RIC@NLO

40
30 E- vs=TTeV
= Mpy=165GeV
20
— 10F
SN
-
< _10F c
—20 E—'- - rew. NNLL"'NNLO;E from inclusive to
- B e NNLO (method B)——3—»exclusive prediction
—30 E_ - NNLO (method AJ%—Pdirect exclusive
—40 prediction
0 10 20 30 40 50
pS [GeV]
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Signal-background interference

[ Recent results for WW, but focused on low mass ( arXiv:1107.5569v1 )
Effect on gg>H->WW at LO ,
1-4 - T T 1 1 1 1 1 T 1 1 1 1 1 1 T I 1 1 1 1 = U 1 d d
. 1-3;— 3 gens (solid) ; 10E- i
b 12~ 2 gens (dashed) E b:: 0.9F =
N E 3 = 3
- 11 _— N - 3
m e 3 e 0.8 -
SR 2 o e RS SR — s s :
0.9 - 0.7E- :
0.8 E (1 I [ | | L1 1 1 I I T | | ' R 06 - 1 1 1 1 | l‘ 1 1 1 | 1 | | 1 | -
/ 200\ 300 400 500 600 1 A N 2 3
; ~Dx [Gev] , Agy Trad.]
I’ \\
l'nT <mH @ non-resonant diagrams can be/ also shape effects! A
~
1
Iarge for mT>mH | O

lé C T | I I I I\_. ': 1 1 1 1 I 1 1 1 1 I I 1 1 I I I 1 1 I I I I 1 I \I_:

E ] 1.0 — . =

E‘ B E 0.9F -

- E 0.8 3

S C ] = E

0.9 = 0.7 =

0.8 y 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 . 0.6 - L1 1 1 I L1 1 1 I L1 L1 I L1 L1 I 1 L1 1 I 3

120 140 160 180 200 0.00 0.25 0.50 0.75 1.00 1.25

my [GeV] A¢y [rad.]

O Worth to investigate further at high mass?
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/Z: theoretical prediction

O 77 fully from MC, well under control

Interference in the final state with

identical leptons

Slngle resonant contrlbutlon

T

2

do/dM (fb) (x 107?)
T TT IIIIII

llllll

T 7T llllll T
- -
| h
oo ———

|.-6 0

With single-resonant diagram

Double-resonant diagram on

—
MCFM (LO)
pp—Z"Z'—seeup
M,>12 GeV

P B

M I R L
200 300 400 500

00
T v e
£ 0s :— i g
e f j . e qq%ZZ NLO + gg%ZZ
o _ i of 0 Pasegoo
= p » - & L I -
(5:“ 0'5: o .,"..OG;P°°°°° o od Lo . § 6'_ MCFM 6.1, MSTW2008
R 5 § ] ] - —pp— 22" 202 ]
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] z 4 B ]
- : : : : ] '8 C o ]
| i i H H i i N Q ]
- . - ] .
i i i i i . 2r -]
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0 _l 1 I 1 1 11 I 111 1 I 1111 [ 1111 I 1111 ] - -
100 200 300 400 500 600 0:“‘:1_; Lot :
my, , GeV/ c? 0 100 200 300 400 500 600
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01/18/2012 seminar 44 S.Bolognesi (Johns Hopkins University)



(Aussanun supjdoH suyor) 1sausojog's QY Jeuiwas z102/81/10

(=3 (=4
TTT R T T T T[T T T T[T T T T[T T T T[T I T T[T T[T i T2« TTY T[T T T T[T T T T T T T T[T T T T[T I T I IT I I T I I T T IT T TT7T] Sy
SN 4 00 A0 A A A MY A Al i
- : i : o 12% : H 1 2
. T T R o M ~N 3 H —
= ) : ! i i E D E O : 10©@
- : H ; ; ; Jo - |l o« E fer o -
e itk et abii S ] " ] H H O =
E i i i i 49 E [ 4 |le o f i i -
SN T S S - b33 F N[ < F @
C i ! ! ! ! J< - T T i i i o®
= m m i e T S e SE
I B S R s i e ] - H H H H H H - =
o { i { i : =h I 1 : : i :
- ! ! ' ! ! 3 : i i : ; i o
RN WU W SO S S ST 13 A U a
- i i i i i =D i i i i i H i 29
= H H H H H - ——— NS S - et e S T
- H i i i ! 12 - i i i ! ! ! M5
R S VA A A =T S L VA R 3
ST U IO S S A G R A =
ki B S i S 4 B H H H ' ! ! =
= i i m i m = Dy O A ) W T A R &
SRS NN | WA RS SO - T S T N S B
E H ! ! ! : qN - ! ! ! ! H !
= i i i i i Jo Ielo} : : : i i -
N T s e R S s e Y T S = S
H i i i i i . o H i PR H HE -
l____________ __________ ______IW l__:_______:_:_____:__:__:
N v o o - L % n T MmN N v o o
- A - e « = B e S p .
- o

(66)"0 + | (“wo / (D)o oney 66

(=4 (=4
FTTT T T T TR T rrrrprT _.__.__.lmzc TIT T[T I [T T[T T T T[T ._:.__:_._._:__:.mo.c
- : : " : : J_-= B : : : N : ! : =
C : : : : 122 : : 1 2
N | e 388 " P4 @
o m N i W ol =
R N— S - SNUNIE S =R E DETRN i ety H e S Sy =S
C : | : o g N E . : P qY g
- : : : do = 1 1 : H .
NS S . - SO O | X o o . N
E m N - o b G i Ho®
- H H H Jo === . N YTy QB
S e 38 | i EAF
= : i : Jo L I =+
S S B R e - A o . -3
- . H : Jo ; H 4=
i At bRt T —————— e et =1 o « i O ' =
S m N b - ; S
- : H 1 -2 ” <io : -
[Ty i S 11 H H o
- H : : JN Y R SR S S H S-SR SR S —
- H H : - H H H H H 4N
C ! H H Jo - : “ : :
. W S R - i H : ! .
- : ' . JN L ' ' ' : -
- O : : Jo L O ol : R
= (s R s S b L} D T LT Rl oI (T USRI EPEEPREY SRR SRR
- T : : I+ i : : 12
I_____.__.__._______________.__.__._____lm =EETI FRERI FRRTE FRREE Suns i | SN STETY FRRNE SRR AR
N w T 8 T e @ @w @& n % o n N %Y oo ® N~ © o
- - - < ] o *® =} - - = - c ©o ©o o o

- ™ (=] (=]

(0TIN) "2+ 1 (Fw)o / (©)o oney 0N

soljulelusaoun jeonaloayl .//



WW: theoretical uncertainties

d WW taken from MC for large m,
- gg+qq NLO available (MCFM)

PDF+a., and scale uncertainty dominates

= in jet bins using uncert on o(>=N) + modeling: MC@NLO vs ALPGEN

Ac=>1 (%)

AO'::_:-Q (%)

AfT_3 (9/6)

A(T;::() (0/6)

i)

6

42

100

O WW from control region for m,;<200 GeV (mll, A¢ll)

scale | pdf CTEQ 6.6 error set | pdf central (CTEQ6.6, MSTW2008, NNPDF2.1) | Modelisation
<~1§’§,w 2.5% 2.6% 2.7 % 3.5%
("l\i]y W 40/;) .2 . 59’/0 l 4 9’6 3 . S 9//0
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WW-=>Ivlv measurement

O Complex analysis (no mass peak->counting experiment, many backgrounds)

1 Main systematics:

Sample Yield
" background estimate: 7 — WIW™ 349.7 £ 30.3
9y — WHW- 172+ 1.6
Background Cuts "W T jets 106.9 & 38.9
tt+ fW 63.8 £ 159
W+jets tight lepton quality >0 Z/yt = U+ WZ+ZZ 122 £53
O ~ Z/y* = 1T 1.6 £ 0.4
top (b-)jet veto 3 3 WZ/ZZnotinZ/y* — (€ | 85+09
! W+ 7 87 +17
Drell-Yan 7 mass veto o 8 signal + background 568.6 + 52.2
. | Data | 626 |
missing E; y
Wz, 722, Wy 2 leptons - estimated from MC

= signal acceptance: jet-veto efficiency
leptonic efficiency
missing E; uncertainty

theoretical (gg box, PDF)
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WW/WZ->Iv2j at CDF

 First observation: 5.40 (first evidence at DO with 4.40 in 2008)

1 Much larger backgrounds, no resolution to distinguish W/Z->jj

fit to Mjj (3.9 fb-1) + matrix element method: (2.7 fb-1)

—— Data (3.9 fB
8 ww/wz . i . .
71 W/Z+jets e discriminant exploiting full kinematic
[11] QCD : : ) : :
=~ Top information, based on calculations of differential

@ xsec of signal and background

Events/8 GeVdc

QCD from data

e data-MC validation of input kinematic
variables

o e fit to shape of discriminant

~ 50100150200 ‘
\ M, (GeV/&)

o(WW +WZ)=16.0+3.3(stat + syst) pb  (NLO expected 16.1=0.9pb
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WZ/Z2Z->lv/vv+2b at Tevatron

O Crucial for Higgs search (ZH->vvbb). Very complex analysis!

e WZ - lvbb +ZZ > vvbb

b-tag jets + missing E; (+ topological cuts)

e No leptons! - huge background: multijets QCD, V+jets (from data)

e very sophisticated techniques:

CDF (2b-tags)

«L>=52 "

Events / 8 GeV

ewx [CJroe
Elwutie:  (Eww
WZ+2Z

A

-

-

-t
-
-
-
o
3

20

== = Standard Model

il -.—Oata baokgrounds
+ Clwe-z

Subtracted Events /8 GeV

40 &0 80 100 120 140

b-tag probability with Boosted Decision Tree or Neural
Network which exploits much info and different variables

different channels combined (0,1,2 b-tag)
VZ AnaIyS|s sample (two b- tag s)

N
DO Preliminary Run Il 8.4 fb'’
450 S+B Fit ry —4-Data

‘,;, 400 vz
€ 350 EaTop o
g BV+hf/WW
&1 300 Vald.
250 I Multijet
200
150
100
50

0T™"08 -06-04 -0. 4 0.6 0.
Final Discriminant

DO: o(WZ,Z72) =6.9 +1.3(stat) =1.8(sys?) pb

- Dijet mass [GeV] CDF O’(WZ ZZ) 5. 8?(6) b (expected 4.6 pb)

(expected 5.1 pb)

Sara Bolognesi (CERN)
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(&)}

COF Preliminary, L=6 6

® data

/Z/ at CDF

[ PyTHIAZZ > 4L

I~
I

vents / 5 GeV/c*

w
[

L ZZ->4l (6 fb-1) excess of events at high
MZZ (eg Randall Sundrum Graviton)

)

e But xsec still compatible with SM -

olpp — ZZ) = (2.8 +0Q (stat.) + 0.3 (syst.))pb
(1.4 £+ 0.1) pb

e No excess in other final states

/

Q zz->212;

Qoo

Q0 2Z->2I2v (5.9 fb-1)
Shape analysis with fit to neural network
olpp— ZZ) = 1. 4"+8 j%(st(t )+8§C1,(sz/sf) pb

150 200 250 30 0 400 450 500

2
M, (GeVic?)

100 o

ﬂ_IIIIIIII-Lf-l TTTTTT IIIII[IIIIIlIIlIIIIlIIIlI

[{CDF, Preliminary, L=6 b’

N 0(2Z) = 1.21%55] (scale) *03(PDF) pb.
E CDF Run Il Preliminary [ Ldt=59"
- trol of Z g 220 DY

: _ |2°° FIT RESULT %Wﬂets
o tsis cruc& Wy

o it

o 160 I:IWW

. 140 mwz

- 120 mZz

2

0 e oMy e 60
00 400 600 800 1000 40
M, (GeV/c?) 20 . § _
0 P ISP PRI BRI Mo . ==
Sara Bolognesi (CERN) 50 08 06 04 0.2 0 0.2 04 Oﬁm g:tpm1



WZ-3l+v at LHC

 Very clean, low background ATLAS:
 sheimaynn ey (,:MS g 30:_ATLAS Preliminary g\é\,zz E
2 PE Jrae=100 5" « - Ldt=1.02f" \Vs=7Tev E=3Top .
o 30F +Data - WW+Jets 3 w  Fss COW/Z+X =
P o Hvv B ] < - [ZD Ostat+syst N
= 25 W Z+Jets (IWZ—3lv o o 20: .
> - - => — =
= 20f 3 = I 4 ]
a ] 15 -
15 E C wul ]
10 E 10 / =
SE E 5l o } :
0 L bt T & e = ]
60 70 80 90 100 110 120 o | — — —
m, (GeV) 100 150 200 250 300
Sample 3¢0p | 2elu | 1e2u | 0e3u Wz
k ! : : : M [GeV]
| Background | 295 | 214 | 1.31 | 1.72 | 31 +0.9 )
[ WZ =30y || 1447 | 17.49 | 13.95 | 18.56 | o(WZ) =21.17(stat) £1.2(syst) " ; (lumi) pb
| AlIMC ” 17.42 I 19.62 I 15.26 | 20.28 | (NLO expected 172+1§)pb
| Data 22 | 20 | 13 | 20 | -0

oWZ)=17.0x2.4(stat) £1.1(syst) =1.0(lumi) pb
(NLO expected  18.75%s pp
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Recent WZ—>3l+v at Tevatron

>20: T LU B A L AL ) B L AL B LN B

8 18— Data DZ. 4.1 fb
Q Possible only at hadron colliders S 161 JE8 Background ’ §
(charged final state) 2 uF—SsMWZ |

@ 12 observed events: 34

= DO with 4.1 fb-1 10

expected signal: 23.3+1.5

8
statistics 2 times smaller than LHC, ‘
while xsec is 6 times smaller 4

2

(NLO expected 3.25+0.19pb

expected background:
6.0+0.6

T IIIII]IIIIIIIIIIIII[F]IIIIWI

_— i i trararar—

70 80 90

N
p—
-

= CDF with 7.1 fb-1

Shape analysis with fit to neural
network

O'(WZ) = 309t8:g (Stat)ig:g (SySt)pb 1 -1 08 06 -04 -02 [} 02 04 O.SNN(SS': _t‘,I
(NLO expected 3.46+0.2)pb
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V+jets: ratios

CMS PAS EWK-10-011

0 Many systematics cancel out

o

CMS
o B T T T ]
o ; s 36 pb” at Js =7 TeV
1 i ] ey o)
Rl W —pv =
+[6  F E¥>30Gev
2 L e E e T "
\6 I e e e
10_2 -:-_ —E
E e data _-'”i’”-— E
- energy scale -
- unfolding ———— — -
103 =  —— MadGraphz2  _____ I
- -== MadGraph D6T
C — - Pythia 22 i
L | | p———
T [ T T T ]
»|©
QI 0'2— —-;/-/@’-—- -
o | —— _
A\l 5 Iw-iml'—__'-___- Al 7 —
+|n 01 <
zlr | :
T2 | | |
©

inclusive jet multiplicity, n

O Very well known theoretically >

any deviation is hint of NP

o(W + 2 n-jets)

Charge asymmetry

o(Z + 2n-jets)
N
o

= Use high statistics W sample to

predict Z+jets background for NP
CMS

36 pb™ at Vs=7TeV
|

| |
EF' > 30 GeV
— e channel

® data

.. energy scale
unfolding
= MadGraph Z2

i 'IIIIIIIIIIIII/I////IIIIII.
10— = 7////////////1////////[111

0 I L L
1 2 3 4

inclusive jet multiplicity, n

CMS preliminary
T

36pbt at Vs =7 TeV

T

=
w

—  E/>30GeV
W —puv

+

=
N

i
T ]

= MadGraph Z2

0 1 2 3

inclusive jet multiplicity, n
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The input: signal description ... i

Common effort CMS-ATLAS-theoreticians:

Higgs Xsec working group

(2 yellow reports published: arXiv:1101.0593 [hep-ph]
arXiv:1201.3084 [hep-ph] )

1 Higgs p; reweighted at NNLO+NNLL -

(Powheg+HqT+HNNLO) : PR mami6 Gel

Vs=7 TeV MSTW2008 nnlo

Scale+NP uncertainties

uncertainties: e factor/renorm scale L T
) 2 5 10 20 50 100 200
e non perturb. effects, PDF \ ar (GeV)
L Mass shape uncertainty at high mass: 01T, SSSERTTTTyT

LS f’,";_ﬂ NNPDF‘ZINNLO 5

e xsec for on-shell Higgs production and pa0 o, R e o
decay in zero width approx : R ]
0.05— —

e acceptance from MC with ad-hoc BW
. . . e va‘v ’:;, ,y(;;;/\/;r/\(vvx*xv\
distribution 0.00 %zysx:c ”MM”E Qé’gge,@ R R R RRRRRRX
S

e A < Y R x

‘(,777\,1 \,)by\— e T X \\>-
PS4 NI, o]
~0.05 527 ORI R
- - » ’ -4

10-30% uncertainty on xsec for mH 400-600 GeV

~0.10 |—pp~+H+X my=165 GeV RO A
. [ Vs=7 TeV e ater I
Now shape from proper (QFT-consistent) 0% GL POF orrpr bond | |
- . _0'15 L L L L1 L L L i Al
Higgs propagator available! 5 10 io o 50 100 200
T
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The input: object reconstruction

> 01— —————1]
° LeptOnS (e’M) from V: pT>20 GeV, iSOlated, £ [ Anti-k, R=0.6, EM+JES, 215111 < 2.8, Data 2010 + Monte Carlo incl jets
_ T 0.1+ ALPGEN+HERWIGHIMMY v  Noise thresholds  —|
|f from Z then M(“)Ngl GeV ?{:’) ” *  JES calibration non-closure + PYTHIA PERUGIA2010 7]
3 0 08_— o Single particle (calorimeter) = Additional dead material-
-> optimal performances, see previous lecturer g L 7 merlan ) TorlES uneerany
. . 3 0.06F -
 Jets: ATLAS: clusters of calorimeter deposits, L ATLAS .
- 21<|n| <28 E
p>25 GeV 4 oof b
g i b cooaoo o ” 3
CMS: particle-flow (full particle identification § *%¢ & § « ¢ 2 2 ' * * ‘*-
. = L " g & 4
with tracker+cal > Vv S| SR AR
acker+calo), pr>30 Ge 30 40 102 2x102 10°
> 1—||||llllllllllllllllllllllllllllllllllllllll pj-:t[GeV]
° B-tagglng < E  CMSfull Simulation Ag N + data (HLT_JET60)
g B " TCHE ; ; i ‘.‘:: CMS Prellmlnary,\f§=7TeV I QCD (b quark)
% L "TCHP 1:: J [ QCD (b from gluon split.)
e 4ot —+— SSVHE . ¥ 10° B0 aCD (¢ quark)
T 101E T SSva ; : .‘:. E I QCD (uds quark & g)
3 [ ——w W 1
B : H H A‘ 7
102F R .0-..4‘.'» E
g s E
: A‘.".. .A‘ :
: L |
-3 ‘9..: _
L g
-4_._M ++|..“||||| B :
10
0.1 0.2 0.3 04 05 0.6 0_7 08_(_)9 S o 5 10 15 20 25 30
b-jet efficiency TCHE discriminator

 MET : calorimeter deposits (in CMS also part. flow)
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T T T | T T T T | T T T T | T T T T | T T T T | T T T
ATLAS Preliminary s =7TeV ' pata | Ldt=2051"
H—ZZ — vy

H->77->llvv

Total Background

Other Backgrounds
Signal (mH = 260 Ge
— Signal (mH = 400 GeV)

O 2 leptons from Z + MET.

Events /5 GeV

-
" '55

::n'i-l-gn--u...-.-.
i PRI

= Backgrounds:

* /+jets removed asking for/

high, “real” MET
high A¢(jet-MET, Z-MET)

Pl

. oY
T
]

Data/ MC

* ttbar removed vetoing b-tag jets

250 300

* VV mainly irreducible .
ET® [GeV]

* W+jets with lepton

12 2
2 _ - = mi ~ 00 | - miss|”
fake or from HF my = [\/ mz + | pr¢|* + \/ my + | PSP — [pT - pT"“SS]
?M? Plrelilminlaryl,\f§|=TTel\l,4l.G flb“I |I S —

" Final cuts: 5 [ere e T e — o]
L 4 A = y+Jets (Data) .
. H—>ZZ—llv e data|Ldt=205f0 —| 40 =
* high MET g 0"Tes el 1% ok Topi (B :
; 40:_ — [ Top _: S 35 :_ - wz —E
° high Aq)(”) Or pTZ '> § E - I o ;'ZV’VWZ’WW ; 8 30:_ —;—:);eptonevenis(Data) —;
for h|gh mH L 30:— ______ I Signal (m, = 380 GeV)_: g o5k _2
. 20:— 4 & 20§ E
* UL from fit to m; - 15 15 E
. . . L 1 > E .
broad distribution 10 T E
but prett ood S/B : IR ==Vl == = = e VSN 5F | =
P JR / 0 200 300 400 500 600 700 c F=— ] 3

T 1 1 1 | 1 1 1 1 I * 1 1 1
m, [GeV] 250 300 350 400 450

2
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H->77->|lvv: Z+jets control

d Z+jets is 10° x signal and steeply falling with MET and p;Z
* high MET tail dominated by fake MET (difficult to simulate)

* cut on Z boost depends on Z+jets modeling

ATLAS

MET shape comparison
pythia-alpgen (5-20%)

JES systematics on MET

normalization data-MC
comparison m(ll) (2.5%)

l

7% uncertainty

6 Febr. 2012 — CERN Winter school 11

CMS: fully data-driven

v+jets reweighted vs N jets, boson p;, N vertices

boson mass by sampling Z line-shape from
fit to data

i ——— y+Jets (Data)
10°L TopMW (Data) Main systematics:
E e vz . .
> f = contamination from
8 103 E_ —ae— Dilepton events (Data) Y + real MET
o r i
o E
S 1nE ] :
= 105 3 Z+jets left float btw
1 T 1 0and y+jet prediction
. 1 (-100%,+0% uncertainty)
107"l -

IIIIIIIIIIIIIIIII IIIIIIIIIIIII
0 50 100 150 200 250 300 350

MET [GeV] S.Bolognesi (Johns Hopkins University)



H->ZZ7->llvv: non resonant backgrounds

(] ATLAS:
= ttbar from MC

* xcheck in control regions
(mll sidebands, e+mu)

* systematics btag eff and mistag rate

-> 9% uncertainty

= W+jets normalization from
control region (same-sign Il + MET)
->100% uncertainty

= VVV from MC ->systematics on
-> 5-10% uncertainty

1 CMS:

®" non resonant from data:
e+mu and m(ll) sidebands

SB
N;u

SB
Ne;t

systematics from statistics in e+mu data

NFP x N, ey

-> 15-100% uncertainty

norm from PDF, scale, missing VZ*

CMS 4.6 fb!
my 77 WZ Top/WW/ Z+])ets Total Signal Data
(GeV/c3?) Wets/Z— 11
(400 (1230135087 | 46L014L039 0 27%27) |C19£019£209 Q17 £1.8) | 18 |
— — — -l
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H->ZZ->llvv: results

CMS Preliminary

s LA LML L L L L I L L L L L B BB B 2102:|"" LN IR L L L L L L L LY L L LY LI L L BB B
o’ 8k ATLZ Preliminary —— Observed 4 @ C =
© E A N 1 2 C SM HZZ - 2|z”@ :
S 7E ‘w Vs=7TeV Expected — © - 95% CL exclUsion: mean .
o C [ ]+1o - g B 95% CL exclusion: 68% band :
= 6 HoZZlvy - B 95% CL exclusion: 95% band
= E |:| + 26 1 E 10 = — 95% CL exclusion: observed -
- C J .= - -
O Sk - - ]
o2 - { = - 270-440 GeV excluded .
w4 310-470 GeV excluded = (.3

- 1 X |
3 18 15 .
2 TN v LA £ : E
e e e - i ]
O:l I | | I 111 Il 1 1 1 1 I 1111 I 1111 I 111 1 I L1 1 1 I 111 1 l I: _1 l Ll l L1 l Ll l Ll l Ll I Ll I L I

200 250 300 350 400 450 500 550 600 10

250 300 350 400 450 500 550 6020
my [GeV] Higgs mass, m [GeV/c’]

ATLAS includes H->WW->Ivlv (13%-77%) and H->ZZ->41, H->ZZ->212q

(exclusive cuts wrt to dedicated analysis to avoid double counting in combination)
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H->77->ljj

. CMS Preliminary 2011, 4.6 fb™ Ns=7TeV

D 2| from Z+ 2JetS from Z /?.7000-_11"IllllllllIIllllllllllllllllllllllll_-
B ¢ Data ]

(to improve mH resolution: 050001 [z +jets E
kinematic fit M(Z->jj) in CMS, P B zzwzww 3

. o £5000 B aw -

mZ/mjj rescaling in ATLAS) L% - —— H(400 GeV) x 100
4000( 3

L Main background Z+jets

* still peaking ~M, because of
kinematic pT cuts

* no b-jets -> b categories (CMS:
0,1,2 bjet; ATLAS: 2 bjets or less)

<« 3 10°

* (CMS remove jet from gluons 2 o

with gg-likelihhod discriminant) % 10
o

G 10°

U In 2 btag ttbar relevant -> MET cut
(MET significance in CMS)

6 Febr. 2012 — CERN Winter school 14

50 100 150 200 250 300 350 400

Events

10°

CMS Preliminary 2011, 4.6 fb!
F T

\s=7TeV

)

| T 3

¢ Data ]
[z +jets |
I zzwzww E
B eaw
—— H(400 GeV) x 100 |

Gluon-tag 0 b-tag

1b-tag 2b-tag

ORIl

T T T T T T 1T T T T 1T I'I T L | L ‘ L L | TT T 11 T1T
ATLAS Preliminary o data | L2051
i —— Total Background

—_—Z

— Top
Diboson

—— Multijet

150

— Signal (mH=300 GeV)

-:—Q—H-m-IIIILUJ IIIILI.lL| IIIILI.llI IIIILIJ.[I IHIUJ.[| IHILI.UE

200

ETS® [GeV]



CMS Preliminary 2011, 4.6 fb™ \s=7TeV

PO [T [T I [ T[T T[T rrrrririg

5)

H->77->lljj: final S
- - * Z L [ ]Z+jets ]
>//->1l)]: inal cuts o
o I B faw ]
( - —— H(400 GeV) x 100
. . .. 3000 ]
 ATLAS: higher p; jets + small Ad(jj), Adp(ll) -> : f
high Z p; for high mass Higgs 2000] ]
 CMS: exploit full angular info /0003 ;
H(spin0) -> ZZ ->4f : ' ]
. . . .. . . Ol e e
likelihood discriminant built with 0 010203040506070809 1
| d b . Angular LD
angles Istributions E 180?'ATL)4§F5EéIirHih'dry"'.'"c;a'tamL':,t':'z_'og'ﬂ',-" E
Y o . 160F ignal x N
->no m(jj) bias -> background from sidebands Q . F . eoley)
- 140 C —— Total Background E
2 1200 —z N
. . S E — Top ]
D UL from ﬁt tO m(”JJ) Lﬁ 100;_ Diboson _;
80K =
CMS Preliminary 2011, 4.6 fb™ \s=7TeV CMS Preliminary 2011, 4.6 fb” (5=7TeV 605 E
; :lllIIllllllllllllllllllllllllljS\60_4]‘IIIl‘Illlllllllllllllllllll E E
8 600:— 0 b-tag category _: 8 E 2 b-tag category 1 40:_ E
Q . e Data 1 © 5oL e Data ] 20F E
= 500 Expected background % C Expected background S D SRS S S SR B "
% [_] H(400 GeV) x 2 ] % 402_ [ H (400 GeV) x 2 ] 100 200 300 400 500 600 700 800 900
© 400 Z +jet 4 o - Z +jet I ———
i | zz)r/\::zjww 14 F % zz+/\::zjww g ac ATLAS Preliminary l. daltaJ-LdIt=2.05 flb" _i
300 B v N 30 I waw . fg 350 I Sional (m =400 GeV) 3
] S c —— Total Background 3
200 1 F 1 oz % - E
[ ] L £ — Top =
] - Lilj 2'55_ Diboson E
. . o o t ] 1.5 =
QEE= = 200 300 400 500 600 700 800 E 3
200 300 400 500 600 700 800 m,, [GeV] 1:— =
M7z [GeV] “ 0.5 E
OE...I... R [ S S Y [y = = = PO | 3
] 100 200 300 400 500 600 700 800 900
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H->77->lljj: background control

O ATLAS:
= Z+jets

* shape from MC -> uncertainty from
Pythia-Alpgen comparison

* normalization from data M(jj) sidebands
-> uncertainty from data statistics: 1-12%
depend. on mH and untagged (16%)

= ttbar from MC
* xcheck in MET>50 GeV, M(ll) sidebands

-> uncertainty from data statistics +
theoretical uncertainty (~15-20%)

J CMS:

= All background at once, data-driven
(highly dominated by Z+jets)

* shape and normalization
from data M(jj) sidebands

* rescaled SB/SR from MC

-> uncertainty from statistics
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Combined results: high mass

127-600 GeV 95% CL exclusion

b(% | CMSPreliminary,\'s=7TeV | _a" opserved | |
B Comblned, Lint 4.6 47 fb ....... Expectedi 10
8 O e —————————————————————— [ Expected + 26 =
E
-
@)
N -
o] 1 = )
o =
-
10 1 1 1 1 1 1 1 1 1 1 1 1 1 11| ) N I 1 1 11 1 1 1 1
1 OO 200 300 400 500 600

Higgs boson mass (GeV/c?)

131-237 251-468 GeV 95% CL exclusion

10

—

95% CL Limit on o/cg,,

10

IIIIII

T T T 1

ATLAS Prel|m|nary 2011 Data

. nggé‘{fé’ I Ldt =€C0-4.9 fo
CJ+1o
[(1+20

CLs Limits

e e e e b e b b by

1T T 7T l T T T 1T T T 1 T T T 1

I I I

Vs=7TeV

IIIIIII

100

200

300 400 500 600
M, [GeV]

6 Febr. 2012 — CERN Winter school

24

S.Bolognesi (Johns Hopkins University)



