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What do we know on "mass”

Quoting A. Masiero (IFAE-2010)

> Electroweak physics determined by local symmetry (gauge).

» This symmetry is spontaneously broken, ie. we do know that
the Higgs mechanism does exist.

» The masses of the gauge bosons of the broken symmetry come
from the Higgs mechanism.

» The SM fermions masses come from Higgs mechanism.

» The evidence (in particular from LEP) of an Higgs mechanism
does not imply the existence of the Higgs particle.

»If an Higgs boson exists, elementary particle, its mass (in SM)
does not derive by any symmetry breaking.

Donatella Lucchesi 2
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Cornering the Higgs

Standard fit: all data but results
from direct Higgs searches.

Higgs mass
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Cornering the Higgs: top mass

Top Mass Determination

= top mass crucial input for Fit
(correlation factor with My 0.31)
= SM calculations assume top pole
mass
=  which top mass at Tevatron:
"MC" or pole mass
[Hoang &5teward.. Nucl.Phys.Proc Suppl.185:220-228,2008]
= additional uncertainty?
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= [ —— X-section determination

E [Phys.Rev.D 80, 054009 (2008)]
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extraction of MS top mass from
total X-section
[Langenfeld Moch.Uhwer, Phys.Rev.D80:054009,2009]

Global Fit of electroweak SM and beyond

smaller mean value, but larger
error than direct measurement
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W Mass Results

Latest results DO:
M, 80.401+0.044 GeV

CDF Run 0/1 _— 80.436 + 0.081
. . DO Run | ——e—— 80.478 + 0.083
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Direct Higgs searches @Tevatron
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There is no an "easy” dominant

decay if m <200 GeV
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Direct Higgs searches @Tevatron
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Branching Ratios

o

My (Gevi o)

M <135 GeV/ c’
: M >135 GeV/c’

See later for details



Direct Higgs searches @LHC (14 TeV)
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Experimental Tools
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Analysis Tools: Lepton Identification

» Identify the decay of W/Z
v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calor'ime‘re;* cluster

» Expand lepton coverage: |
v interplay between sub-detectors
to cover holes i Sar by
v include forward detectors E ~CMUP

“ CMX

Donatella Lucchesi 11



Analysis Tools: Lepton Identification

» Identify the decay of W/Z
v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calorimeter cluster
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Analysis Tools: Lepton Identification

» Identify the decay of W/Z
v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calorimeter cluster

T _"'_"--”'":-;'_-'--’TTT'
» Expand lepton coverage: N mﬁ \
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» Good Missing E_ (MET) trigger: T B —

v select events with neutrinosand | 0 i —oes

charged lepton that fail ID T S \
v remove events with fake MET %455 00 055"

BALI
=K
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Analysis Tools: b-jet Identification

‘t > B-tagging:

by vexploit long lifetime of
Decay Iife:j :;e fj%acundaw J— b - h(ld ro nS .
_——— v Suppress light flavor background
%u* ¥ v Improves S/B
Prompt tracks » Various algorithms used by CDF/DO
] v Identify displaced vertex
E;;w:lnn Efficlency far Top D-.jem | | | / Exp|o|1- muH‘iple feafur'e Of b_\]e"'s
05 v Probability that tracks come from
i f Q | primary vertex
wll s s v b-tagging efficiency: 40-70%
O 545 60 86 100 130 140 160 180 300 > D-jeT invariant mass

Jet Et (GeV)
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Analysis Tools: Multivariate techniques

» Maximize discriminating power using global kinematics of
signal and background
v Machine learning techniques: Neural Network and Boost
Decision Tree (BDT)
v For each event calculate the probability to come from signal
from LO Matrix Element

» Multivariate techniques help to improve sensitivity

» Used already in many many analysis

Donatella Lucchesi 15



Reminder: Limit Plots

CDF Run Il Preliminary (2.7 fb™")

% : I Expected
= ZH — I'Tbb ——  Observed .
.§103- W oiio 20 uncertainty
= ) oh expected
:& SR |imit
— 1073 o
© ] Expected limit
=X i | |
i
m °
10 1o uncertainty
?n expected
. imit
Observed limit
17
100 110 120 130 140 150
M, (GeV/c?)
g onwienu Luteniest 16

— ——




Low Mass Higgs searches
Low Mass: M <135 GeV/c?

T

Dominant production
mechanism: gg->H

310 ';
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Dominant decay mode:
H->bb-bar
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Low Mass Higgs searches

Decay channels
> Look for as many final states as possible with # - b b, highest BR
> gg-> H—-bb dominant production mode not available right now

due to background. COF Fun I refiminary [Laram
H——)bb """"" Se,nSl‘thTy """" i '::::::é::::::

These data are collected
with b-tag trigger

Trigger algorithms | e(H — bb) | e(p — bb) | €(Z — bb)
Vertex b-tag 13% 11% 4%
Muon b-tag 5% 6% 2% ! : ! _ ! !
Standard Model:
Toble 1, Trigger efficiencies for &, ¢ and Z decays T T

110 115 120 125 130 135 140 145 150 155 160

Useful for Z->bb, b-jet energy study Higgs Mass (GeY)
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Low Mass Higgs searches cont'd
» Look for VH and ZH associated production:
® Higgs decays in two high pT b-jets

® |eptonic decays of W/Z reduce QCD background and allow
easy trigger strategy

|
L
>M ; >zwﬂ | >,.M
b b

» Reconstruct also H->» » and H-> ¢ ¢ with gluon-gluon fusion,
associated production and Vector Boson Fusion

Donatella Lucchesi 19



Low Mass Higgs: Strategy

» Efficient trigger to keep most of potential Higgs candidates
high pt charged leptons: e p to select W/Z
missing Et+jets to select HZ, Z->vv or HW W->|v (I not identified)
lepton+track for t ¢ modes

» Increase signal yields
increase lepton acceptance improving e/p ID
more efficient b-tag algorithms
better understanding of calorimeter response

» Look for a resonance in dijets mass
large backgrounds with large uncertainties
use multivariate techniques to separate signhal from background

Donatella Lucchesi 20



Small 0xBR ~ 1 event/fb™

Events / Bin

Low Mass Higgs: ZH = (*("bb, [ =e,p1

Signature: 2 high Pt leptons and 2+ b-jets
Trigger Path: single lepton
Major backgrounds: Z + jets/heavy flavors, top, di-bosons

—— Data

D@ Run Il Preliminary (3.1 fb'1)

A

Z+jets
L Z+HF
Il Top
I Diboson
Multijet

10 60 80
M, [GeV]

Aa
100 120 140 160 180 200
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Important to increase acceptance

‘\I\I\\\\I\IIlIIIlIIIlIIIlIIIlIII
CDF Run Il Preliminary (2.7 fb'1) 1

E e Data B z-> v
zZ—ee B wwwz.zz

- [ Z— ee+bb,cc B Fexes

3 7w R

g [ Z— pu+bb,cc —— ZH(m,=115 GeV) x 100

[Jz-m

0 20

40 60 80 100 120 140 160 180 200

My, (GeV/c?)
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Number of Events

Low Mass Higgs: ZH = (T ("bb, [ =e,p1

Use multivariate techniques to improve S/B

CDF Run Il Preliminary (2.7 fb™)

454 double Ttag (high) ~ * & D72 [ zed
. Clu [ ZHjets
4] —ZHX15 H I fakes
4 AT y istags
35 My =120Gevid W2 g Hm
. BwWW [ 2+e uncertainty
3
25
2

[ ——

0 01 02 03 04 05 06 07 08 09

Ax15

1
10% Slice Along the Z+Jets vs. ZH Axis

Events /Bin

—— data
- DS Run Il Preliminary (3.1 15 Zristz
- i B 7 HF
s0 — Bl Top
u I Diboszon
- Mulsijst
40— S5 ZH X 100
: ZH signal
“—
x |00
20
10
S an Ll -!"ﬂ'h ........... el
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BOT Output
22
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Low Mass Higgs: WH — (vbb, { = e, i

Signature: 1 high Pt lepton large MET and 2+ b-jets

Trigger path: single lepton

Major backgrounds: W+bb-jets, top, multijets

“Large" oxBR ~ 3-4 event/fb"

"2 20 L=27fb" W + 2jets / 2b-tag
) S -
> 80 DO Preliminary ® Data
L [ W + jets
70 B muttijet
B
60 [ wobb
-other
50 CJwH x 10

40

30

20

10

50 100 150 200 250 300 350 400
DiJet Mass (GeV)
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CDF Run Il Preliminary 2.7 fo”

W+bottom

P Wecharm
s W+LF
N Top
Diboson
Z+jets
I Non-W
— WH (120 GeV) (x 50)

0 20 40 60 80 100 120 140 160

Transverse Mass
23



Low Mass Higgs: WH — (vbb, { = e, i

Multivariate techniques to improve S/B:
DO: NN

. — | —— wH(m=115Gev) (x 10)]
CDF. NEAT— BDT"‘NN"‘ME CDF Run Il Preliminary, L = 2.7 ib' W+bb
N F B W+cT, W
c - >2-Tag T
w» 100 O 1p°
= - L =2.7 fb? W + 2jets / 2b-tag Ll:j Z
4 B O Preliminary ® Data :
L 80— (W + jets 10ET
L —o— Bl multijet =
= M N
B O wbb 1L
60— B other E
i CwH x 10 z
1 =
0_ 10 %_
40— ~
- g
- 1021 el ©
B X
20— 3—
- Q
- 10° 5
0_ :Jlllllllll Il IIII|IIllllJJl|IIII|IllllJ] I|IIII|
-0.2 O 0.2 04 06 0.8 1 1.2 0 0.1 0.2 D3 D4 D5 0.6 D7 D8 D9 1
2 b-tag NN output NN Output
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Low Mass Higgs: VH —E1bb
Signal acceptance ZH->vvbb and WH-3¥bb (| missed)
Signature: large MET and 2+ b-jets
Trigger Path: MET
Major backgrounds: QCD with fake MET ,W/Z+bb-jets, top,diboson
Background modeled using data

Dijet Invariant Mass, CR1, ST+ST

> [T T BERRARALEN FELLIL UL L _ CDF Run Il Preliminary, 2.1 f"
o D@ preliminary (2.1 fb™)_] —=—Daa
G 60_ — Data - 70__ -Mum t
o - Il Top -1 — -
S r Z+blciets ] C I e e
“! 50— 0 Z+jets(15) — 60— Bl sivoeTer
-~ C Wab/cjets 7] - Diboson
7)) - Wijets(lf.) - ZAW+H F,
- B Db 50—_ b B round
§ - S : s
I E ? — Hx10 (115 GeV) - a0LF
30f- : . - Control Region
: Signal Region: 30[ 9
20— — C
C o0
L - :
10— -] -
C — 10—
0 200 250 300 ol Elme 4 cadiod
DiJet Invariant Mass (GEV) )] 100 200 300 400 500 600 7OD

~__atella L M, (GeV) 25



Low Mass Higgs: VH —HEbb

Multivariate techniques to improve S/B:
DO: BDT on double tagged sample
CDF: NN with separate training for 2 and 3 jets

L I I R I O I

- """ D@ preliminary (1.2 f)-

||||||||||||||||

g =
T 50
S C — Data i
I Top

s Z4blciets ]

q:) 40— 0 Zijets(1.f) —
> - Wab/c-jets
1] Wiets(1.f)

C Diboson 7

C I Vultiet N

30 B i — VHx25 (115GeV) |

i Vi iﬂi ‘-

10_— —

0‘_ . R

0 01 02 03 04 05 06 07 08 09 1

DT discriminant
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| NNoutput, Signal Region, ST+ST

CDF Run |l Preliminary, 2.1 fb"'
50_ —&— Daia
Muhijet
-'rnp Far
40__ -Single'rnp
- Diboso
i+
| % Badsground Error
30— i —— WH11S:S
20_— %

NNoutput
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Events Summary

No signal excess and a limit is set respect to SM.

Channel

WH—I*v bb

VH—vv bb

ZH-I'l" bb

Donatella Lucchesi
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Additional decay channels

Other decay channels are searched, but more challenging.

H—>yy CDF and DO detector not optimal. Narrow resonance but
Br(H—>vy) 300 times smaller than H->bb

H—>tt Br(H—>17) 10 times smaller than H->bb, but low 1
reconstruction efficiency

W/Z+H H->bb and W/Z->qq a lot of signal but enormous QCD!

W+H H->bb W->tv hard to select at trigger level. A lot of QCD

Donatella Lucchesi 28



Additional decay channels

H—>1t
H—>yy
i D@ Preliminary, L=3.9 f5'
E D@, 4.2 f5' preliminary - 120
= B -
200 —— data §' ~ -:la-lta
. 180 + _i_ o background W 10p T Eﬁ it
160 i — N Wtje
3 wE e T signal=50 [MH_11ﬂGeU] gl Bl z+iets
B [ IDiboson
- === Signal X 50
6
ar
2t
% 100 105 110 5 120 12 ;

-08 -06 -04 -02 -0 02 04 06 08 1
BDTZ™

M,, (GeV)

b *
L G 27*SM (16*SM exp.)
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Events /0.05

18
16
14
12
10

Additional decay channels

WH—TVbb

DO preliminary (4.0 f&)

— Dale

B Top
Ishic-pte
T+l
Wbt
Wt
Dibasan

I Mulgt

—— WHIS# (115 GeV)

0.6
DT discriminant

- 0.8

14*SM (22*SM exp.)

Events

VH-SS Neural Net Output {4fb™") — M, =120 GeV/c?

F | —a- Data [ 1acDh ] QCD Systematic

[ [ Z+jats Bl [0 WH+HF/Single Top/Ciboson
1400 [ 1vH = 1000 .

I CDF Run 1l Preliminary
1 Eﬂﬂl—

1000 11‘
800

o 5 b & B § i & KT

200 |
ot L
N Lol I, —_— el
1.5 -1 0.5 0 0.5 1 1.5
Neural Network Qutput

10*SM (18*SM exp.)
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Low Mass Higgs Combination

O
o
L

CDF Run Il Preliminary, L=2.0-4.8 fo™

= LEP‘ o maemasion ot oweraen’on | DO has simi lqr‘ I"CSUH’S.
2103 Exel.  —— hesomom o
E&5 [T obEp e bastEp ] e
S | I e I Mo Most sensitive results are
- - ZHollbb 4.1 1b™ Exp LS HoWW lowMll 4816 Exp |
(4 | 7 ——  HoWWSS48 ib:: Obs | .
2 o pmmue combined
o E N S e H-WW 05 4.8 " Exo :
T comomedta 1 Tevatron Run Il Preliminary, L=2.0-5.4 fb™
10 | 0 Losviyt LEP Exclusion
; — A
1 E Yy wesss  Expected
] =10 ' = Observed
- [ +16 Expected
| |  +2c Expected
1 &
:\\\\‘\\\Il\\Illl\\ll\\ll‘\ll\‘ll\\lIIN\Olv?n\]b\er;sl,%u\ugll\7 ‘oQ
100 110 120 130 140 150 160 170 180 190 20( g
m,, (GeV/c?)

o AA AN KX

100 110 120 130 140 150 160 170 180 190 200
m,,(GeV/c?)
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High Mass Higgs

Background
q I
w2
- v
Gluon fusion " w’ {:
q W.Z
W7
| _ HG
g VH (V=W,Z)
ISR q
q W.Z
| 0
qqH H
W7
I q
\q

Vector boson
fusion Don




High Mass Higgs Strategies

Analysis split in different orthogonal channels:

® DO separate reconstruction in ee/ep/py final states

® CDF classify events depending on the number of jets in the
final states (ie high/low signal to noise)

® Cut discriminant variables to reduce background

® Apply multivariate techniques to increase signal sensitivity

CDF Run Il Preliminary [L=sam’
P L T T3 Ng 180F OS 0 Jets Waets
= & - 3 " 3 C w
& [ wu . DZ,54f Dot ® . [ M, = 160 GeV/c? i
W I " T A 0 160— H wz
& 10 Y Preliminary 3 | e o E z
T f .I.'-"'--....--"r B 1 = 140/
P . 1M 2
E E Wejabs C
T ..-“‘m = o E) 120:
107 . “.‘—""'"-- 3 I:Ir.h.-.et W 1001
=i £ ’ C
ol 801
60

40:—

= 20—
F |, : -
O 20 30 &0 80 100 120 140 160 180 200 oL

M, (GeV) 0

M(ll) (GeV/c?)
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High Mass Higgs Strategies(2)

Discriminating Variables

® Leptons angular separation: small angular separation if Ws are
from H due to spin correlation. Reduce WW

® Dilepton invariant mass: effective against any background

CDF Run Il Preliminary [L=53m" > 10°F 1 * Data
N 1050 Jets v W+ e+ oy p o Eb) DOS4M [C1Bked. syst.
"E':wn;_l'ﬂ,.ﬂﬁﬂﬂ&w“’ — = mi = | |Final Selection Elfilfj[:]s
§ 0 v W e & ~10°- | ee/up/ep pairs| CiDiboson
w 12":_ T —HWW 10 é i |:|W+JELS
: | vl - i v, [ 1Multijet
g + | r 0tk _,__Ebt:ﬁ a T
Ak
= | —|— L
H] L]
o N
20f -
Tt L 100 150 200
AglID Dilepton Mass (GeV)
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High Mass Higgs Strategies(3)

Multivariate techniques

® Use a set of quantities and Matrix Element in a Neural Network
® A NN is trained for each H mass point hypothesis and for
® Each orthogonal analysis channel

CDF Run Il Preliminary [L=saw"

E - B =1 = Thala
S [0S 1Jet, High S/B T = ¢y DOSA4 [1Bkgd. syst.
o C _ 2 - — i - - T
» 10 E—M“'ws GeVie o ,.E 5| Final Selection D%]-Ig-_]!::.:‘-
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Additional Acceptance: VH

Three vector bosons in the final state. Exploit their decays

Events / 0.05

Donatella Lucchesi
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Higgs Combination: single experiment

CDF Run Il Preliminary, L=2.0-4.8 fb™
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Higgs Combination: Tevatron

It's more than /2 in statistics

Tevatron Run Il Preliminary, L=2.0-5.4 fb™
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Future

2XCDF Preliminary Projection
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