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UCSD Higgs Production
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vcsp Higgs Production x Decay
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In this talk, | will focus on
dilepton + MET .

There are crudely speaking

q = udscb 1

3 experimental regimes.
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UCSD SM backgrounds

Cross-section x Branching Ratio (fb)  * No striking signature to
|E+08 distinguish higgs from
bkg’s.

— Counts & multi-dim. shapes

|E+06 * Key selections:
— Lepton pT > 20/10GeV with

|E+05 tight Id & Isolation

+ Wjets, QCD
| E+04 — Large MET, MT, and Z veto

* Drell-Yan
|E+03 E— — # of jet classification

l (pT>30GeV) and top veto

|E+02 — * Top

Wiets Drell-Yan  Top WW  Higgsl60Higas 130 _ Kinematics (m" A(D)

In addition: WZ,ZZ,Wy() - WW
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D H->WW for low vs medium mass
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Bkg from Wjets grows
as lepton pT decreases.

Lepton pT decreases as
W* becomes more virtual.

Bkg from DY grows for
very small dilepton mass.

Dilepton mass is small for
low higgs mass.
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vesp - WW vs ZZ for high mass

* As higgs mass increases the boost of the Z in higgs
to ZZ leads to significant MET and significant
transverse mass of the II+MET system.

 Thismakes H->ZZ-> Il + MET an interesting

channel in the mH ~ 300 — 500 GeV range already
this year.
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o Summary of bkg estlmatlon

* Bkg estimated from data

— Evaluated at HWW selection

« WW (for mH < 200GeV)

* Wiets
* Drell-Yan

— Evaluated at WW level

 Top

— rely on MC to extrapolate to HWW

* Bkg estimated from MC

— Dibosons (WZ,ZZ,\WYy)

—ZtoTr

11/8/11
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uCsD Cut based analysis
H130 H160
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Ry e 2011 data differs from 2010:
}lu‘ B o

® ~8interactions per bunch crossing

projected trkE, [GeV]

® larger tails in the missing energy distribution

e Two different MET variables:

® nominal - calorimeter and tracker

B0 80 100 ® only tracker based MET

projected pfE, [GeV]
R ® not affected by pile up

H(160) —> WW MC i =
h_‘l:.'-_.-' r =T ® pfMET and trkMET are weakly

correlated for backgrounds

® use the smaller one for each event

projected trkE, [GeV]

® minMet>40 (same flavor)

® minMet>20 (opposite flavor)

0 20 40 60 80 100
projected pfE, [GeV]

11/8/11 GGl 2011 11



. CMS
Lesh Drell-Yan Estimation =
« DY (mostly) in ee,up sooo- | Yoy Figure for
— Fake MET due to tails of detector i Hlustration only -
resolution => difficult to simulate 6000 —

* Predict “out” from “in” i . ]
— Measure same flavor “in” 40001 . ]

— Subtract non-res contribution via ep I out in out .

— Subtract VZ based on MC 20000 - ]

— Multiply result by R ‘1., :
- Measured in MC and at higher MET in 050 100 150

data. Dilepton Invariant Mass

opposite flavor events measured in Z-peak

expected VZ contribution from MC

Il,ex - ZV, si
Ny F = R0 (NI — 05Nk — Nionor )
T T

out out/in in in control

same flavor events measured in Z-peak

correction for differences in lepton efficiency

11/8/11 GGl 2011 12
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UCSD Wijets Estimation

« Measure “FR” with QCD events

— FR = prob. for “fake” lepton that passes loose
selection to also pass tight lepton selection.

— FR = function of (pT,n)

« Extrapolate Wjets applying FR onto 1 loose
1 tight after higgs selection

Validation of Method in same sign at WW selection:

Type Yield
Estimated events from fake rate method 68.4 + 381:{82
Observed same-sign events in Data 92

Monte Carlo estimate of non-fake contribution (WZ & W) 280£1.9
Fake background observed GGl 20M 64.0 = 9.7
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Top background

| # data

— m, =160

Ww

B Ztjets

top

B wzzz
o WHets

600 ' L R B
CMS preliminary |
L=1.1fb" i

200 —

11/8/11

0.5

1.5

N, (oq J€tS N 1-jet bin

GGl 2011

CMS

Jet veto Kills top

Remaining top can be tagged
— Soft b-jets
— Soft muons

Top tagging eff. ~50% in 0-jet
Residual top estimated via:

E
Ntop — J\fta,gl—_6

Measure € in 1 b-jet events

— There must be another b-quark
Systematics ~20-30%

14
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ucsp  Yields at WW selection &
Summary of yields for 1.6/fb in the 0-, 1-, 2-jet bins.
data all bkg. g = W W~ | ¢g— WTW~ tt+ tW W+ v
O-jet | 811 | 771.2 =352.2 4948 = 2.5 23.8 0.3 726174 | 12319
1-jet | 435 | 427.6 = 24.7 152.1 =14 8.2 0.1 1563 =156 | 34=1.0
2-jet | 252 | 235.4 = 18.0 33.2 0.7 1.5 £0.1 131.7 =132 | 1.6 £0.7
WZ/ZZnotinZ/v* = (76~ | Z/y" =T +WZ+ZZ | Z/y" = 1717 W + jets
0-jet 12.0 = 0.4 15.2=7.6 1.9 =05 138.5 =498
1-jet 10.1 = 0.4 16.3 = 8.2 149 1.7 56.3 = 20.3
2-jet 2202 283 =142 43 =08 22.6 = 8.1

11/8/11

Yields agree with expectations.

GGl 2011

Measure WW cross section as a crosscheck

15
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LB T RPN EPS sample
~ .+ daa [l Z#ets CMS preliminary | S - e daa [l ZHets  CMS preliminary | o L I N A B R
a L — m,=130 top L=11f" A Q® 601 — me=130 top L=11fo! — % [ data M z+ets  CMS preliminary ]
;GC_J' | Wl wezz (Lg | w w2z 0] | — m=130  top L=11f" |
& 60 Wiets — ~ Wejets W 50F ww [l wzzz i
B 8 g B Wijets
I T 401 § g |
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Example: mH=130 GeV

 Irreducible background with no single striking discriminator

« Kinematic shapes in multidimensional space
— low mass, AQ®,, lepton momenta, transverse mass of higgs

11/8/11

GGl 2011
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Cut based Higgs selection

milGeV] | pi™™ [GeV/c] | p™n [GeV/c] | my [GeV/c] | Ay [dg] | miET [GeV/c? ]
> > < < L]
130 25 10 45 90 [75,125]
150 27 25 50 90 [80,150]
160 30 25 50 60 [90,160]
180 36 25 60 70 [120,180]
200 40 25 90 100 [120,200]
300 70 25 200 175 [120,300]
Spin-0 physics ¢ LI 3 [T e e
e - 557 g = —;;160 .:;;/ZZ L=155fb" —
- <_ @ _) W+ » .. Weets _g [ wHets
~— —  — 4OTsignal ! H 1 ° 100
v — @~ v «— gt [ regio (—: | \ signal
=)  Spin direction 20! _:ﬁ : 50 reglo
—_— Momentum direction ? |
i
00 B I50I: - I100I | 150I | 00 100 ° 200 300 400

11/8/11

GGl 2011 A ¢, [degrees]
Example: mH=160 GeV

IET™

my " [GeV]



i WW bkg estimate from data

—— m=130GeV  ----- m, =300 GeV
— m,;=200 GeV I qq— WW

event fraction
o [~}
o o
) 'S

(=]
-t

T[VY’['TI[Y’III

0 50 100 150 200 250 300
m,, [GeV]

« FormH <200GeV there is very little higgs contribution above
100GeV in dilepton mass.

« We thus can use that region to determine the normalization of WW
bkg, and extrapolate into the higgs selection region using MC.

11/8/11 GGI 2011 18
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ucsp Yields after Higgs selection

Example: mH=140GeV

Process 0-j OF 0-j SF 1-j OF 1-j SF 2-]
qqWW  31.5+£55 291 +£51 83+31 58+22 06=+0.2
ggWW 1.5+£08 13£07 05+03 03+02 0.1+0.1
VV 0.8+0.1 05+01 05+01 03+01 0.0=x0.0
Top 30 +11 144+£05 56+12 32+08 26=+1.5
Zjets 0.1 +00 31+42 02+01 12+27 08=+0.6
Wiets 56 23 53+22 24+11 15+09 1.0+£0.6
Wr 1.5+07 00£00 00£00 02402 0.0=+0.0
ZTT 0.0+00 00+00 024+02 00+00 02=+0.2
Tot. Bkg. 44.0 6.2 406 70 178 £35 126 3.7 53+ 1.7
Higgs 191 +43 161 +36 77+£26 53+18 25=££03

Data 46 41 23 23 7

Good agreement between observed and expected
No sign of Higgs

11/8/11 GGl 2011 20
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vcso Yields after Higgs selection

Example: mH=140GeV

Process 0-j OF 0-j SF 1-j OF 1-j SF 2-]

qqWW 31.5£55 291 =51 83=x31 5.8 £2.2 0.6 = 0.2
ggWW 1.5 = 0.8 1307 05=x03 03=x02 01=x0.1
VV 0.8+0.1 05x=01 0.5=x0.1 0.3 0.1 0.0=x0.0

Zjets 0.1 £0.0 3.1 x4.2

Wijets 5.6 23 5322 24=x1. 1.5+09 1.0=x0.6
W~ 1507 0.0=x=0.0 0.0 0O 02=x02 0.0=x=0.0
LTT 0.0 0.0 0.0=x0.0 2=x02 00=x00 02=x0.2

Tot. Bkg. (44.0 £6.2 40.6 £7.0) 178 £35 126 +£3.7 53 £ 1.7

Higgs 191 +43 16136 7726 5318 25=£0.3

Data \ 46 41 y 23 23 7

Good agreement between observed and expected
No sign of Higgs

11/8/11 GGl 2011 21
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o Limits for cut based analysis
1.

55/fb

H— WW — 2I12v + 0/1/2 jets (CLs)

CMS preliminary

—a— observed

Observed: exclude higgs in range [147,194] GeV
Expected: exclude higgs in range [132, 201] GeV

-+ 95% CL exclusion: median
95% CL exclusion: 68% band
95% CL exclusion: 95% band

1111111111?-1111111

lllllllllllllllllllll

120 140 160 180 2@9,01420 240 260 280 300

Higgs mass, m [GeV/c?]
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LeSh HtoZZtoll v

CMS Experiment at LHC, CERN
Data recorded: Thu Apr 28 23:14:53 2011 CEST

Run/Event: 163659 / 21497971 Muon, pt: 205.6 GeV
Lumi section: 28 , Pt -

{ 2N
e e Muon, pt: 89.6 GeV
N ‘

Higgs Candidate:

pt: 20.7 GeV

Z, pt: 282.2 GeV transverse mass :599.6 GeV
mass: 88.7 GeV

Key Issues:
 MET resolution and its non-gaussian tails — Zjets
« Estimating WW & top via ep

 MC used to estimate WZ/ZZ bkg

11/8/11 GGl 2011 24
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SD Analysis Strategy

« Two high pT isolated same flavor leptons (ee, uu).

« Tight dilepton mass window (+- 15GeV) around Z
mass.

 Large MET to suppress Zjets

 \Veto events with:

— small Ap between MET and nearest jet

» Suppress Zjets with MET from large undermeasurements of jets
— b-tagged jets => suppress top
— third lepton => suppress WZ/ZZ

11/8/11 GGl 2011 25
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SD Selections

U

CMS,

Cut

Cut Value

Lepton transverse momenta

pr > 20GeV/c

/. mass window

|my; — 91.1876| < 15 GeV/c?

Z. transverse momentum

Z pr >25GeV/c

Transverse momentum of vetoed 3rd lepton

Reject events with a soft muon (pr > 3 GeV/c)

pr > 10 GeV/c

b-tag veto (jet pr > 30 GeV/c)

TCHE discriminator < 2

Higgs mass (GeV/ c®) | Ap(MET, jet) | MET (GeV) M7 (GeV/c?)

250 > 0.62 > 69 > 216 AND < 272
300 > 0.28 > 83 > 242 AND < 320
350 > 0.14 > 97 > 267 AND < 386
400 — > 112 > 292 AND < 471
450 — > 126 > 315 AND < 540
500 — > 141 > 336 AND < 600
550 — > 155 > 357 AND < 660
600 — > 170 > 377 AND < 720

11/8/11 GGl 2011
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SD Bkg Estimation

 Data Driven:

CMS

— MET tails measured in y+jets to estimate Zjets.

— Top, WW using epu events

e From MC:
-W_Z, 27

11/8/11

GGl 2011

27
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vesb MET from y+jets reweighting

Events / 10 GeV

CMS preliminary,\Js=7TeV, 1.6 fb!

50

11/8/11

100 150 200 250 300

- Higgs (300 GeV)

- Top
 ww
N wz
N zz

Z+Jets (Data)
—— Dimuon events (Data)

?_u cowl ol vl

350
MET [GeV]

MM

Events / 10 GeV

GGl 2011

CMS preliminary,\s=7TeV, 1.6 fb!

Higgs (300 GeV)
: Top

W

N wz

I zz

Z+Jets (Data)

—a— Dielectron events (Data)

100 150 200 250 300

I-] | IIIIIII| ] IIIIIII| | IIIIIII|

Jih L]

350
MET [GeV]

ee
28
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vcsb - Higgs transverse mass

CMS preliminary,Js=7TeV, 1.6 fh!
T T | T T T T | T T T T | T T T T | T T T T | T T

CMS preliminary,ys=7TeV, 1.6 fo!
_I T | T T T T | T T T T | T T T T | T T T T

— Higgs (350 GeV) L = Higgs (350 GeV)
10 N wz 101 B vz
" 7z - W zz
3 Top/WW (Data) gl . Top/WW (Data)
1 I Z+Jets (Data) I e T Z+Jets (Data)
A —=— Dimuon events (Data) —es— Dielectron events (Data)

N
T | T T T

Events / 40 GeV/c?

(8)]
LI L B B
Events / 40 GeV/c?

T

E||||||||||||||||||||||:

4= .0t B ...
21 21
200 300 400 500 600 200 300 400 500 600
M, [GeV/c?] M, [GeV/c?]

Transverse mass of Higgs larger than all backgrounds
only for very large higgs masses.

11/8/11 GGl 2011 29
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CMS,

UCSD Fi i
inal Yields

Channel | 77 WZ | Top/WW/W+Jets | Z+Jets Total mH(250) m
Uu 92+0.18+09 6.1 £0.254+0.71 16 19431 74+144+15 39+43 55+0.73 35

ee 6.6 £0.16 0.7 4.7 +0.23 £ 0.58 124+21423 5+0.86 £0.96 29+35 4.2 +0.59 32
Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(300) | Data |
Uu 73+0.164+0.71 41+0.21 048 53+£0.61+1.8 444+064+L1.1 214+24 54+0.72 18

ee 54+ 0.15+0.58 2.8+0.18+£0.35 44+0.66+1.3 34042 +0.74 154+19 4.2 4+0.59 22
Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(350) | Data |
Uu 58 £0.15 £ 0.57 2.8+0.17 £0.32 23+027+1.2 2.8 +£0.47 +0.85 14+1.7 5.6 £0.85 10

ee 46+0.14 +0.49 24+0.154+0.25 1.8+0.34+0.88 1.9 +0.31 £ 0.58 104+1.3 44407 9
Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(400) | Data |
Uu 46+0.14 +045 1.84+0.14 £0.21 0.58 +0.067 £+ 0.58 23+048 +0.85 93+1.3 45+0.6 7

ee 37+£0.13+04 1.54+0.13£0.19 0.44 +0.074 £0.44 1.7+0.33+£0.6 7.4+ 0.95 3.6+0.5 9
Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(500) | Data |
Uu 27+0.11+0.26 0.924+0.1 +0.11 0 1.7+0.41+0.8 53+0.95 2+0.28 6

ee 2.14+0.097 +0.22 | 0.77 £0.093 £ 0.095 0 1.34+0.31 £0.62 42+074 )| 1.6+:0.24 3
Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(600) | Data |
Uu 1.6 £0.085 £ 0.15 0.51 +0.075 £ 0.06 0 0.91 +£0.22 +0.53 3+0.61 0.84+0.12 5

ee 1.3+0.077+£0.14 | 0.37 +0.064 £ 0.046 0 0.784+0.194+0.45 244+0.51 ) 0.66+0.1 2 ‘

Observed and predicted agree well.
No sign of higgs.
11/8/11 GGl 2011 31



CMS,

UCSD Fi i
inal Yields

Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(250) | Data
Uu 92+0.18+09 6.1 £0.254+0.71 16 19431 74+144+15 39+43 55+0.73 35

ee 6.6 £0.16 0.7 4.7 +0.23 £ 0.58 124+21423 5+0.86 £0.96 29+35 4.2 +0.59 32

Channel | 77 WZ | Top/WW/W+Jets | Z+Jets |~ Total | mH(300) | Data
Uu 73+0.164+0.71 41+0.21 048 53+£0.61+1.8 444+064+L1.1 214+24 54+0.72 18

ee 54+ 0.15+0.58 2.8+0.18+£0.35 44+0.66+1.3 34042 +0.74 154+19 4.2 4+0.59 22

Channel | 77 WZ | Top/WW/W+Jets | Z+]ets | Total | mH(350) | Data
Uu 58 £0.15 £ 0.57 2.8+0.17 £0.32 23+027+1.2 2.8 +£0.47 +0.85 14+1.7 5.6 £0.85 10

ee 46+0.14 +0.49 24+0.154+0.25 1.8+0.34+0.88 1.9 +0.31 £ 0.58 104+1.3 44407 9

Channel | 77 WZ | Top/WW/W+Jets | Z+]ets | Total | mH(400) | Data
Uu 46+0.14 +045 1.84+0.14 £0.21 0.58 £+ 0.067 + 0.58 23+048 +0.85 93+1.3 45+0.6 7

ee 37+£0.13+04 1.54+0.13£0.19 0.44 +0.074 £0.44 1.7+0.33+£0.6 7.4+ 0.95 3.6+0.5 9

Channel | 77 WZ | Top/WW/W+Jets | Z+]ets | Total | mH(500) | Data
Uu 27+0.11+0.26 0.924+0.1 +0.11 0 1.7+0.41+0.8 53+0.95 2+0.28 6

ee 2.14+0.097 +0.22 | 0.77 £0.093 £ 0.095 0 1.34+0.31 £0.62 42+074 | 1.6+:024 3

Channel | 77 WZ | Top/WW/W+Jets | Z+]ets Total mH(600) !‘ Data
Uu 1.6 £0.085 £ 0.15 0.51 +0.075 £ 0.06 0 0.91 +£0.22 +0.53 3+0.61 i 0.84+0.12 i 5

ee 1.3+0.077+£0.14 | 0.37 +0.064 £ 0.046 0 0.784+0.194+0.45 || 244+0.51 }10.66 £0.1 2

Bkg decreases tenfold from low to high mass.
Sensitivity to higgs largely a matter of luminosity.

11/8/11

GGl 2011
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?:_ CMS/
UCSD Final Yields
[ Channel | 77 WZ Top/WW /W+]Jets Z+]ets Total | mH(250) | Data

Uu 924+0.18+09 6.1 +0.254+0.71 16 +-1.9+3.1 74+144+15 39+43 55+0.73 35

ee 6.6 +0.16 0.7 4.7 +0.23 £0.58 12421423 5+0.86 £0.96 29+35 4.2 +0.59 32
| Channel 77 WZ op/WW/W+]Jets Z+]ets Total | mH(300) | Data

Uu 73+0.16+0.71 41+0.214+048 53+0.61+1.8 44+064+1.1 21+24 544+ 0.72 18

ee 54+ 0.15+0.58 2.8+0.18+£0.35 44+0.66+1.3 3+042+0.74 15+1.9 4.2 +0.59 22
| Channel 77 WZ Top/WW /W+]Jets Z+]ets Total | mH(350) | Data

Uu 58+ 0.15+0.57 2.8+0.17+0.32 23+027+1.2 2.8+047+0.85 14+1.7 5.6 +0.85 10

ee 46+0.14 +0.49 24+0.154+0.25 1.8 +0.34+0.88 1.9 +0.31 £0.58 10+1.3 44+0.7 9
| Channel 77 WZ Top/WW /W+]Jets Z+]ets Total | mH(400) | Data

Uu 46+0.14+045 1.8+£0.14 £0.21 0.58 £+ 0.067 + 0.58 23+048 +0.85 93+1.3 45+0.6 7

ee 3.7+0.13+04 1.5+0.13+0.19 0.44 +0.074 £ 0.44 1.7+0.33+£0.6 7.4+ 0.95 3.6+0.5 9
| Channel 77 WZ Top/WW/W+]Jets Z+]ets Total | mH(500) | Data

Ui 2.7+0.11+0.26 092+0.1+0.11 0 1.74+0.414+0.8 53+0.95 2+0.28 6

ee 2.1 +0.097 +0.22 §§ 0.77 £0.093 + 0.095 0 1.34+0.31 £0.62 424074 | 1.6 +0.24 3
| Channel 77 Wz Top/WW /W+Jets Z+]ets Total | mH(600) | Data

Ui 1.6 £0.085+0.15 J§ 0.51 +0.075 £ 0.06 0 091 +0.22+0.53 3+0.61 0.84+0.12 5

ee 3+0077+0 0.37 & 0.064 & 0.04¢ 0 \0.78 £0.19+045 J 24+0.51 | 0.66+0.1 2
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ZZ dominates except for low mass.
Zjets remains second largest bkg even at high mass.
WZ bkg with lost 3" lepton significant at all masses.
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ucsp - Limits on H to ZZ to |l vv
E | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 |
n

L 10% SM HZZ - 212v, 1.6f" —
© - 95% CL exclusion: mean N
g — N 95% CL exclusion: 68% band .
— ~ 95% CL exclusion: 95% band u
E ~ — 95% CL exclusion: DATA —
= . |
o 10E _
2 §
T[] B ]
(@) B |
1L -

: | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | :

250 300 350 400 450 500 530 6020
Higgs mass, m, [GeV/c?]

Higgs excluded in range 340-375 GeV
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CMS,
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ucsp - Necessary Improvements

Yields table of H->WW for a few mass points:

mH- ggH . qqWW ggwWww VV Top Zjets . Wijets ‘Wgam Zit > Bkg Data

120 7.6+1.7 ~ 33.7#5.9 1.3+0.7 0.8+0.1 3.0+1.1 0.1£0.0 . 19.4+7.3 ' 3.9+1.2 0.0+0.0 62.3+9.5 67
140 15.0+4.2 31.5+5.5 1.540.8 0.8+0.1 3.1+1.1 0.1+0.0 5.6=2.3 1.5+0.7 0.0+0.0 44.0+6.2 46
160 26.6+6.1 13.5+2.4 1.3+0.7 0.3+0.1 1.9+0.9 0.0+0.0 2.0+1.1 0.0+0.0 0.0+0.0 19.0+2.9 18

For higgs mass of 120 GeV the systematic error on
Wjets is roughly the same as the expected higgs signal.

Progress requires innovation in addition to luminosity !!!
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Desirable Improvement
MVA output for ep O-Jet and 130,140, 16OGeV hlggs

T | |
e data . Z+jets CMS prellmlnary
I — my=130 top L=111fb" 1
a0 1w B wzzz i
0 wajets

i -&- data
- — mg=140

WW

. Z+jets

top
B wzzz

[ wHjets

CMS prellmlnary '

L=1.1f" -

- 40

-&- data

L — m,=160

WW

. Z+jets

top
B wzzz

[ wjets

CMS prellminary |
L=1.1f" A

%

MVA Output

0.5

MVA Output

There is information left inside the cuts

There is information in correlations of the kinematic
variables that is not fully exploited by square cuts.
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0.5 1
MVA Output
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UCSD Conclusions

* No higgs found
— H to WW to Iv Iv excludes mH from 147 — 194 GeV
—HtoZZtoll vwv excludes mH from 340 — 375 GeV

* Pushing the sensitivity towards lower mass
niggs requires innovation and luminosity.

* Pushing the sensitivity towards higher mass
Niggs requires mostly luminosity.
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