Measurements of the top quark and W boson
mass and SM Higgs searches at the Tevatron

Gaston Gutierrez - Fermilab
For the CDF and DO Collaborations

 The EW fit
(or why do we measure the top and W masses?)
* Top quark mass at the Tevatron.
* W mass at the Tevatron.
» Higgs searches at the Tevatron.

Many thanks to the CDF and DO Top, Electroweak and Higgs group conveners
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&= These (almost) lines are EW
predictions given by:

M2 (1=MZ /M2)= A /(1- Ar)
A=37.2802 GeV and
Arza+bm’+cln(M’ /M)

* ¢
#HQ&W

1 —LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)
68% CL

150 175 200
m, [GeV]

Accurate measurements of the top quark and W boson masses put constraints on the mass of
the Higgs boson. Because of the log dependence to have meaningful constraints on the Higgs

mass high precision measurement of the W and top quark masses are required.
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Higgs limits

6 mLimitﬂ =144 GeV
_l AOwas)a)d =
9] — 0.02758£0.00035 n
1| VR — 0.02749+0.00012
4 - ==+ incl. low Q° data —
W 2 | The SM Higgs mass limit
| from the EW fit 1s: my<144
27 ) GeV/c? at 95% CL.
14 |
0 | Excluded \: / Preliminary |
30 100 300

my, [GeV]

Footnote: There is a 3 o discrepancy between the hadronic and leptonic F-B
asymmetries. If any of this two are removed there are big changes in the Higgs mass
limits (see M. Chanowitz, PRD 66:073002, 2002 and Fermilab W&C 2/23/2007)
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Top at the Tevatron

qq(gg) »>tt =

pp > tt > bW bOw)
W — (leptonv) or (qQ")

b<—@—>w |

q
p =66 GeV/c

Top decays to W+b essentially
100 % of the time

4—@—»

\%
q’-bar

p =40 GeV/c

The decay to jets is 3 times
more likely than to e and p

Leptons are well understood. To first order (there is also radiation)
we need to understand a 40 GeV light jet and a 66 GeV b-jet, the rest
are Lorentz boosts. The light 40 GeV jets were well understood at
LEP. At the Tevatron W to jets is used now to set the overall JES.
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W mass at LEP

|| e @ —p |V I think 1t 1s fair to assume that

q q’-bar this 40 GeV jet is understood
p =40 GeV/c o '

500
1 qqlv L 3 o
oo 10 | LEP all jets W mass
] 4f background WW % V q q'
1 EE 2f background
2 Summer 2006 - LEP Preliminary
2 200
L
1007 ALEPH [final] —— 80.475+0.081
\ |
o DELPHI [final] ———— 80.31140.137
1000
] frff |_3 L3 [final] —i— 80.325+0.080
soo; E ziagt:al ; ; o
| EZ4 wrong pairing s Il 0
] 5 4f background WW —qQ'qQ OPAL [final] —= 80.35310.083
8 GOOi B of background g
5 400 LEP - 80.387+0.059
L
] correl. with non-4g = 0.20
2007 LEP EWWG
o lesnsaes S S S L L L : : : :. 1 N 1 N N 1
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Mass [GeV]
M, [GeV] (4q)
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What about the 66 GeV b-jet?

b «—(t)=—> W We don’t understand this 66 GeV
p =66 GeV/c b-jet as well as the light jets.

1. To neutralize color the b-quark talks to the beam partons — the “top decay
products” used to calculate an invariant mass are not well defined.

2. So the idea of a “pole mass™ 1s an approximation (but good for now
though).

3. There 1s also radiation from the b quark and the initial partons (I would
argue that the radiation from the 40 GeV light jets is understood from LEP)

4. This lack of experimental understanding of the b-jet and the radiation are
the main systematics in the top quark mass measurement.
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Calculating event by event probabilities

» Most people would agree that if the probability of an event could be calculated accurately
then the best estimate of a parameter will maximize a likelihood like:

5(x-a)dx N
L(a)=¢ P [TP(x;2)
i=1

=»

The detector and reconstruction effects are always multiplicative and independent of
the parameter to be estimated:

P(x;a) = Acc(X) P(x;x)
» The probability P(x;a) can be calculated as:
1
POsa) =— [do(y;c)dg, da, () F (@)W (x,y)
tt

Where x is the set of variables measured in the detector, y is the set of parton level variables, do is
the differential cross section and f(q) are the parton distribution functions. W(x.,y) is the probability
that a parton level set of variables y will show up in the detector as the set of variables x. The
integration reflects the fact that we want to sum over all the possible parton variables y leading to
the observed set of variables x.

T
o
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Likelihood

Top mass 1n lepton + jets channel

CDF 1.7 fb’! (templates)
171.6 + 2.1 (stat+JES) £ 1.1 (syst) GeV/c?

M, = (170.5 + 37) (stat.) GeV

AJES (Gc)

 —AInL=05
e AINL=2.0 ... _
o Al L=4.5

CDF Run Il Preliminary (1.7 fb™)

ey

e
un1unn —
| 1

1.2-DO0 Run Il Preliminary 4
r 871pb
F 0+1+2 Tags _ 3.3
1 255 Events M, = (170.5 1 373) (stat.) GeV
o T
L S 1.2-DO Run Il Preliminary 4
0.8 £ r 913pb
[ e - 0+1+2 Tags
o . a L 249 Events
°SF mtjets i
[ 0.8~
0.4~ L
i os- etjets
0.2? L
i 0.4f
Ol btseiosda L "SR F
150 160 170 180 190 r
Reconstructed mass (GeV) 0_2;

q

45 150 155 160 165 170 175 180 185 190

Reconstructed mass (GeV)

13t Lomonosov Conference, Moscow 23-AUG-07

[ N [ R
16 168 170 176

2
Mtop (GeV/c")

D0 0.9 fb-! (ME)
170.5 + 2.4 (stat+JES) + 1.2 (syst) GeV/c?

G. Gutierrez, Fermilab

JE
L.



lepton + jets

CDF systematic errors in I+jets

Effect Systematic(GeV /c”)
ISR 0.37
FSR 0.23
(Generator 0.25
Residual JES 0.55
Background JES 0.38
PDFs 0.17
Background composition 0.24
Background shape 0.2
QCD modeling 0.11
B-JES 0.6
MC statistics 0.1
Total 1.1

Lowest top mass error

(my Sep-2005
Current values predictions - DO talk)

l comb=1.5 x stat

@ ( ® ) DO stat+JES (stat)
) CDF stat+JES (stat)

stat. error

0.5 1 1.5 2 2.5 3 3.5 4

Integrated luminosity

By the end of the Tevatron run (8 fb-!) the DO+CDF stat+JES error will be
~0.6 GeV/c?. The systematic error is hard to predict. We really need the
other channels in case we missed something big.
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Probability Density

Top mass 1n the di-lepton channel

CDF Run Il Preliminary (1.8 fb™)
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02} ]
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DO top and W mass 1n all jets

Two SVT b jets pT>45 GeV

S
o 4 jets pT>20 GeV
360—_ jet p_>15 GeV |y|<2.4
2T
$40 all jets taggable
® b JES v5.3 (extended)
'-%20—_ Candidates
£ I [ Random 6-Jet Events
800_— bckg norm: m“<50 GeV
N ﬁ c=12.4+1.1pb

80 *

60

401

20

bjj Mass (GeV)
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CDF top mass 1n all jets

CDF Runll preliminary L=943pb"
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Top mass 1n all jets

By the end of the Tevatron run (8
fb-1) the DO+CDF stat+JES error in

all jets willbe ~1 GeV/c?. The
systematic error 1s hard to predict.

So it is very possible that by the
end of the Tevatron run there will
top mass measurements in 3
different channels approaching
errors of 1 to 2 GeVs.
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Summary of D0 and CDF results

Mass of the Top Quark from CDF (*Preliminary)

DO Runll .- preliminary Summer 2007

|+jets (matrix element, b-tagged) * @ 170.5 124 112 GeV
910 [.lb"

I+jets (matrix element, topological) * i all 170.5 225 214 GeV
910 po™'

|+jets {idecgram, b-tagged, topo) o 173.7 t:: ::; GeV
420 pb™' (Phys. Rev. D)

l+jets (matrix element, b-tagged) e 170.3 :; ::: GeV
370 pb~' (Phys. Rev. D)

l"'jets {matrix element, topological) —e— 169-2 z:: ::,: GeV
370 pb™" (Phys. Rev. D)

] [neutrino weighting, topo) NEW * H—&—H 172.5 58 35 GeV
1050 pb™'

Il (matrix weighting, topo) NEW * b — 175.2 #6.1 £3.4 GeV
1050 pb™

Il combination (nu and matrix) NEW * H—e—-H 173.7 5.4 3.4 GeV
1050 pb™'

Il combination (neutrine and matrix) H—®—H  178.1 6.7 t48 GeV
370pb™" (Phys. Lett. B)

I+jets & Il combination (august 2007) R 172.1 1.5 1.8 GeV

World average (march 2007) HeH 170.9 £1.1 115 GeV

1 | L 1 ' | ' L 1 I 1 1 J 1 1
140 160 180 200

Top Quark Mass [GeV]

World average as of March 2007:

R o tan 167.4+10.3+ 4.9
—

Rl;nf;olﬁ;p’ﬁonﬂets 176.1 .i 51+5.3
Run 1 All-Jets

(mopa';} 186.0+10.0+ 5.7
‘Dilepton: Template tt 55

(12%0;:5’) P Pz 169.1+ Jg + 3.1
‘Dilepton: late tt p, with xsec. ,

}fz%SEbempa ¢n P WIRXSEE170.7 + 35 + 3.6
‘Dilepton: Template lepton p

(1800 pb™) ] 156+ 20+ 5
‘Dilepton: v weight 50

(18%0;:5’) 9 172.0+ ;9 £3.6
‘Dilepton: Matrix Element

(1800 pb’) 170.4+ 3.1+ 3.0
‘Lepton+Jets: Mo +W—s jj

(1700 pis ) " J 1716+ 2.1+ 1.1
Aldots: MW

(a3 pp ) 1711428+ 3.2
"All-Jets: M .

(1020pb ") 1745+ 22+ 4.8
‘CDF March '07

(1030 pb™) 170.5+£1.3+1.8

-8

“Tevatron March'07

fstat.) + (syst)
y’Idof = 5.5/6 (51%)

New
for

ummer

2007!

170.9 + 1.1 (stat) + 1.5 (syst) GeV/c?
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W mass measurement at CDF

(Thanks to Pierre Petroff for providing many of the illustrations shown here)

At the Tevatron the W mass is measured in the decays
W->ev and W->pv. So three distributions can be used to
measure the mass: 1) charge lepton p, 2) neutrino p,, or 3)
transverse mass. The expected shapes of the distributions
(templates) are obtained from Monte Carlo.

x10°

With 200 pb-! of data CDF has 115,092 events
that pass all the cuts. If 6 is the rms of
distribution used to extract the W mass, then
the statistical error in its mean is:

o 10GeV 1000

~ =30 MeV
JN /115,000

Which shows that the main problem is the 55
systematic errors. m, (GeV)

5 GeV

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

81 GeV

2000 -

Events/0

100

JE
L.
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15t : calibrate tracker

First align tracker, and get momentum
scale from J/Psi and Upsilon

CDF 1l preliminary -“ L dt ~200 pb'1

2 >
s L 2
“ F Scale correction = (-1.6410.D1star10.065|“e)x10'3 o
r P
L e
o
00t JW-opup :
r -
-0.002— *
: JIY—>pp data
B I VS — 0.6
<1ipi> (GeV')
CDF Il preliminary I L dt =200 pb"I
a 0
-
<
-s— J/"V—>puudata
-+  Zupdata
-0.001

-0.002

1 | 1 1 1 | 1 L
0.003; : 46
<1/pt> (GeV")

L A
|
£
t

CDF Il preliminary

jl_ dt =200 pb™*

=)

3000

<
v

T

T

2000

Aplp = (-1.376 + 0.064,,,) x 10~

y’idof=26/18

Check Z

L T
+
1000 N +
+° +
I 7 it
| | | I

0 9 9.5 10

m. (GeV)

CDF Il preliminary

_[L dt =200 pb”

400—

M, = (91184 £ 43) MeV m +

Combine all

<=

into single
calibration

measurements

events /0.5 GeV

x¥/dof =32 / 30
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2nd . with tracker calibrate EM calorimeter

CDF Il preliminary J L dt ~ 200 pb™

-y
=
o
o

Fitting E/p peak and width as a

- S, = 1+ 0.00025,,, - function of electron’s E calibrate

energy scale, resolution and amount of
material (number of radiation lengths)

2000—

events / 0.01

y’Idof =17 /16

| 4

Check Z—ee

E/p (W—ev) CDF Il preliminary _[ L dt ~ 200 pb”

200 —

events / 0.5 GeV
T

M, = (91190 + 67,,.) MeV Z>ee

Combine results
to obtain best <= ol
energy calibration i
and resolution I

y*/dof =34/ 38
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16000
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2000

oE

To calibrate the hadronic recoil a transverse vector sum over calorimeter towers

3rd . calibrate hadronic recoil

U= Z E; siné i /¢ is defined and compared to the lepton pT in Z—ee and Z—pp
cvents.

T'lA
e_

»

e+

N

CDF Il preliminary

J- L dt = 200 pb™

MC

1 = -0.48 GeV
[ 0=4.37GeV

data
u =-0.45+0.02 GeV
o =4.37+0.01 GeV

A5 o

z
Pyt

Calibrate with Z—ee or Z—pup

u, (GeV)

CDF Il preliminary _l- L dt = 200 pb™ CDF Il preliminary _[ L dt = 200 pb™
- 6
r 3 L
[ _‘0- L
- = 5: * !
r | b E 42 IDoF=5.7/10 —
r R v L
- + —+ i
- Sl o =+
L . C —t—
[ 2 =
C + ¥2 1 DoF =12.3/10 2 +
B —— - +
r £
E—— ——
P B R N B R ol ) L L —] TP I
5 10 15 20 25 30 (1] 5 10 15 20 25 30
pr(Z—>ee) (GeV) Pr{Z—np) (GaV)
Validat 1ith W W
CDF Il preliminary J- L dt =~ 200 ph'1
16000 — +
14000~ MC data e
r 1 =0.01GeV 1 =0.03+0.02 GeV
12000/
F o =4.71GeV o =473 0.01 GeV
10000
8000— u
6000 \ ||
4000—
F —
2000 u
o L 1 [ M B u
5 10 5 0 5 10 15 J_

5 0 10 15
u; (Woev) (GeV)
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events / 0.5 GeV

events / 0.5 GeV

4th « measure W mass

CDF Il preliminary J'L dt = 200 r.'b'1 CDF Il preliminary IL dt ~ 200 pb'1 CDF Il preliminary IL dt ~ 200 pb'1
- - >
- a @ |-
L # + g r . g L !
i te + l l < ool M,, = (80321+ 66,,,) MeV < 1000, M,, = (80396 + 66_,,) MeV
1000 I § § I
i + S ydof=72/62 1 y2dof = 44 | 62
L +
L 500
soo— [ M, = (80349 + 54,,) MeV 00
H y¥dof =59/ 48
% 70 80 90 100 % 40 50 % 40 50
my(uv) (GeV) pr(u) (GeV) pr(v} {GeV)
CDF Il preliminary _[ L df =~ 200 pb™ CDF Il preliminary j L ot ~ 200 pb™ CDF Il preliminary _[ L df =200 pb™
[ % E % -
L © 1500 t © 1500 — ta
L 2 i 2 i
1500 e s | M,, = (80451+ 58_,,) MeV S - M,, = (80473 + 57,,,) MeV
L 'E i H i
i 3 0ol ?Idof = 63 / 62 3 1000l ?/dof = 63 / 62
L 1000{— yido 1000— x/do
1000 r r
ool M= (80493:48,,,) Mev 500 500
B 1*idof = 86/ 48
%o 70 80 9

100
m.(ev) (GeV)

50 50
E,(e) (GeV) pr(v) (GeV)

m,, = 80413 * 34 (stat) + 34 (syst) MeV/c?

80413 + 48 MeV/c?
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Systematics errors and world average

CDF |l preliminary L=200pb’

MET Uncertainty [MeV] Electrons Muons Common

Lepton Scale 30 17 17

Lepton Resolutlon 9 5 0

Recoll Scale 15 18 15

Recoll Resolution 30 30 30

u, Efflclency 16 13 0 CDF Run | [ ]

il 80433+ 79

v 5

bor 2 18 12 D@ Runl o

%; SEEEK S fﬁ‘ - ,‘12 492 _‘ 80483+ 84
e DELPHI * 80336 + 67
CDF Il preliminary L=200pb’ L3 —_——

E;;g;eg;rl'l;y [MeV] Elecgturons Mjgns COT;non 80270 i 55
Lepton Resolution 9 3 0 OPAL —_——

EEGOH Seale 17 17 17 8041 6 i 53
atfdeney 5 & @ ALEPH o

h:g%”&?ré‘?‘“’“ § E; § 80440 + 51

P

o Zoox 2 CDF Run Il (prel.) —e—

g::it% Sysltematic ég gé ;Dg 8041 3 i 48
World Average 2007 —0— 80398 + 25
CDF |l preliminary L=200pb’ | | | | | B |
T ————— 80100 80200 80300 80400 , 80500 80600
Lepton Scale 30 17 17 W Boson Mass (MeV/c")

Lepton Reselution 9 3 0

Recoll 8cale 9 2] 9

Reooll Resolutlon T T 7

u, Efflclency 3 1 0 ) . .

g:gg;;zz:zva‘ § § § » World’s most precise single measurement

P .

POF mooom » World average increases from 80392 to 80398 MeV
Sl AR T « Uncertainty reduced by 15%: 29 MeV to 25 MeV
Total 62 60 26

» Expected CDF error with 2fbt is ~20 MeV
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Summer 2007 Higgs limits

(Thank you to Stefan Soldner-Rembold for providing many of the plots presented here)

D0 and CDF combination (released last week)

Tevatron Run II Preliminary

| —
Ln

----- DO Expected L= 0.9-1.9 fb i
----- CDF Expected 3
---- Tevatron Expected |
— Tevatron Observed _

N

95% C.L. limit o(Higgs) / SM
S

0 ........ | | IR B ISR TR N N TR

110 120 l”’:O 140 150 160 170 180 190 2[}0
H(GeVr’c )
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Cross section and branching ratios

1.0 Jo=196TeV

gg—H

Production b jet
3 H b jet g9 ! H
¥ >/L 15+
- | _ | \ t

| Standard Mode

BR(h,,,)

100 120 140 160 180 200

my (GeV/c2)
Decay H '

120 1440

‘ H — bb

H—->WW

0

60
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Channels that enter in the combination

CDF

TABLE I: The luminosity, mass range explored and reference for the CDF analyses. { stands for e or pu.

DO

WH — (vbb ZH — vibb ZH — (T{7bb H - WTW~ — (tpfFu
TDT(LDT) DT(ST)
Luminosity ( fb~ 1) 1.7 1.0 1.9
miu range (GeV/c?) 110-150 110-150 120-200
Reference [12] [14] [15]

TABLE II: The luminosity, mass range explored and reference for the D@ H — bb analyses. £ stands for e or u.

WH — evbb WH — pvbb WH — [fvbb ZH — vibb ZH — (Y7 bb
DT(ST) DT(ST) DT(ST) DT(ST)
Luminosity ( fb=1) 1.7 1.7 0.9 0.9 1.1
my range (GeV/c?) 105-145 105-145 105-135 105-135 105-145
Reference ' [16] [16] [17] [17] [18]

TABLE III: The luminosity, mass range explored, and reference for the DO WH — WWTW ™ and H — WTW ~ analyses.

WWITW = — eTreTy H—-WTW- —eTve v H_-WTW™ —etuuTr
WWHTW ™= — efopty H-WW~ — efvpu
WWIW - — pFoute H—-WtW~ — ptop~ v
Luminosity ( fb~1) 1.1 1.0 0.6
my range (GeV/c?) 120-200 120-200 120-200
Reference [19] 20, 21] [22]

Due to lack of time I will only cover the highlighted channels (main channels)
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qq'—>WH — lvbb

Basic selection:

« exactly one isolated leptons
* missing transverse momentum
* 2 or 3 jets, at least one b-tagged

Main backgrounds:
* W b b-bar (irreducible)
* t t-bar
® F .
c | L=1.7 b W+ 2jets/ 2 b-tags
8 80 D@ Preliminary * Data
w OW + jets

(d)

150 200 250 300

Dijet Mass (GeV)

& 50 100
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Dijet mass 1s the largest
« discriminat. But other
variable can be used in a NN

) 2

DO uses NN 1n Higgs search

G. Gutierrez, Fermilab

JE
L.



H—bb in DO (1.7 fb)

Train NN for different
Higgs masses. Plot
discriminant

G

5 70r
S | :
T soF == Qbserved Limit (=)
[v4 C .
- «sex Expected Limit
2 - Xpected Lim| /
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Basic selection:

» Two opposite sign isolated leptons
* missing transverse momentum

Main backgrounds:
«WW, WZ, 27
* W+jets and Drell-Yang
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Calculate probabilities

A

Pm(fobs) = «% Idngzeory(y)f(y)c(fobm y)

m)

95% C.L. Limit/cg,

—_
o
TTT]

P, : Event-by-event probability for process m
y : true lepton kinematics, incl. neutrinos
Zops . Observed kinematics

¢ : lepton efficiencies

(G : detector resolution function
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95% C.L. limit o(Higgs) / SM

CDF+D0 combination
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Conclusions

* The top mass is known now with an error of ~2 GeV/c?. It is
likely to reach 1 GeV/c? before the end of the Tevatron run.

* The W mass at the Tevatron (CDF only right now) has an
error of 48 MeV/c?. An error of ~20 MeV/c? is expected with
2 fb! of data.

A big region at high Higgs mass will be excluded at 95%
confidence level. At lot more work 1s necessary to reach
exclusion or evidence at low masses.
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