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TEV ROLE IN SM SELF-CONSISTENCY

* Measuring the W mass (a “non-resonance”) or the top quark mass (a colored object) is a
pretty complex business.

* A complex business that has been tackled with unexpected precision by the Tevatron
experiments
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TEV ROLE IN SM SELF-CONSISTENCY

* Measuring the W mass (a “non-resonance”) or the top quark mass (a colored object) is a

pretty complex business.

* A complex business that has been tackled with unexpected precision by the Tevatron

experiments
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Predicted Higgs boson to
be within |sigma to where
we found it!

Knowledge of Higgs mass
allows prediction of Mtop

to 1.4% level:
Mtop=175.8+2.5GeV

Latest DO result moves in
that direction




TEV ROLE IN SM SELF-CONSISTENCY

* Measuring the W mass (a “non-resonance”) or the top quark mass (a colored object) is a

pretty complex business.

* A complex business that has been tackled with unexpected precision by the Tevatron
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HIGGS PRODUCTION AT THE TEVATRON
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o Tevatron
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DIFFERENCES BETWEEN TEV AND LHC
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DIFFERENCES BETWEEN TEV AND LHC

proton - (anti)proton cross sections
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DIFFERENCES BETWEEN TEV AND LHC
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LHCT TTeV
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Tevatron is a quark collider
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THE STRATEGY AT THE TEVATRON
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CHALLENGES
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CHALLENGES

* A large number of challenges had to worked out to achieve sensitivity to Higgs boson
* Get enough luminosity - thanks to the excellent job by the FNAL Accelerator Division!
* Make most of this data available

* monitor existing triggers, develop new

* use all available triggers, even the dirtiest
* Improve object ID performance

* b-tagging received a tremendous boost from Higgs searches

* improve dijet mass resolution
* Improve understanding of the backgrounds

* best theory-driven tools when possible

* data-driven techniques whenever needed

Adopt multivariate approach at every step of the analyses

Put the hard-learned lessons to use to maximize the physics output
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V/ALIDATION OF LOW-MASS SEARCHES(1)
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V/ALIDATION OF LOW-MASS SEARCHES(1)
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V/ALIDATION OF LOW-MASS SEARCHES(1)




V/ALIDATION OF LOW-MASS SEARCHES(1)

.\ 4
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8800:_ 142 b-Tagged Jets
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* The measured cross section using MVAs for VZ production is 3.0£0.9pb (4.4pb SM)
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V/ALIDATION OF LOW-MASS SEARCHES(2)




V/ALIDATION OF LOW-MASS SEARCHES(2)




VALIDATION OF LOW-MASS SEARCHES(2)




V/ALIDATION OF LOW-MASS SEARCHES(2

+ N

e
e+
proton " proton ‘ W
: \%

q w

q HO‘s
antiproton : b

antiproton
N5

* Single top s-channel cross section X BR is ~9 times VH—Vbb

s-channel single top quark, Tevatron Run I, L <9.7 fb K . - s-channel single top quark, Tevatron Run ll, L <9.7 fb K
Measurement Cross section [pb] 2 . ¢ Data
: § 100 1 SM signal
CDF I+jets —e—  1.41%0% o F — Expected background
0.61 e N ™ . Background uncertainty
CDF £ +jets o 1.12%%, e la
CDF combined Fe o 1.36 % =
DO I+jets —— 1.10%05 i
; 102 E_ 0k o
Tevatron combined fe 1.290% =
Theory (NLO+NNLL) = |
1.05 +0.06 pb [PRD 81, 054028, 2010] 10 o
o| PR S i P S é -; 1 -12 1 -11 1
My = 172.5 GeV Cross section [pb] Discriminant output [log, (s/b)]

* The measured cross section using MVAs for production is 0=1.29+0.25 pb (6.3 s.d.)
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SENSITIVITY

—
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OTHER MEASURE OF SENSITIVITY
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102 & SM Higgs Combination ---- Expected w/ Higgs
I Expected+ 1 s.d.
10 === 6,x 1.0 (M =125 GeV/c") Expected+ 2 s.d.

--- 0,,x 1.5 (m =125 GeV/c®)

1o

Background p-value

20

------ 30

---------- 4

1 I 1 1 1
180 200
m,, (GeV/c®)

160

Fabrizio Margaroli



FROM SENSITIVITY TO MEASUREMENT

* Now consider the hypothesis a signal is present, and extract relevant physics

3 ¢ - Tevatron Run Il, L, < 10fb™  SM Higgs combination
©35F = Observed
- B +1sd.  --- o, x1.5(m=125GeV/ic?)
3 - ] +t2sd. - o,x1.0(m.=125GeV/c)
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: Ho W'W
15f
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ge——
140 160 180 200
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100 120
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Tevatron Run Il, L, <10 fb”
m,=125 GeV/c
- Combined (68% C.L.)

—l— Single channel

[ I I I I I
1 2 3 4 5 6 7 8 9 10

Best Fit (c x Br)/SM




TEVATRON HIGGS COUPLINGS

N N
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[ e Local maxima A SM . e Local maxima A SM
- Wes%cL. 95% C.L. - Wles%clL. 95% C.L.
2 K; floating 4r
] f : Ay =1
1 r 2 i
i - A
of or
-1 B -2 __
_2 i | .| | | I | | | I | I | I . | I | I . | -4 __
0 0.5 1 1.5 2 2.5 I g I
Ky 0 0.5 1 1.5 2
Ky

Fabrizio Margaroli



GLOBAL HIGGS COUPLINGS
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MEASURING SPIN AND PARITY

* Assume SM Higgs production cross section for new physics

* simulate new physics using MC, utilize all DO channels aiming at VH production
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2 F + =0
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8—__._ -&-

- -o-"'_._-o-

6—_ -- O - o
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4 e o ___
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| | | | . g o
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- * Data
300 H Multijet
- V+if
250 SV+hf
- it
= mvv
2005 88" SS_ignall
o igha
1505 i (2" Signal
100~ n (Signals x20)
50/
0— L
0 200 400 _ 600
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* test different JP hypothesis by looking at the effect on thresholds
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SPIN AND PARITY

 Translate distributions into humbers

7)) - i _ ..
E 6000 ~ Dg Preliminary, 9.7 fb-1 —0* LLR % - DQ Prellr-qlnary N 0+ LLR
£ - 1=1.00 == 0"LLR +1c = - <=9.71fb == 0% LLR +1o
S 5000 0" LLR +20 T 2500 0} LLR +20
=3 - —2'LLR 23 - u=1.00 — 0 LLR
M C — Observed LLR| © 2000 — Observed LLR
O 4000 — O u
A T |
Q = ® 1500 -
& 3000 - & E

2000 f_ 1000 ;—

1000 - 500 —

0 50 40 :

LLR LLR
* For the Py = 1.0 case exclude the |P = 2+ hypothesis at the 99.2% C.L.

* For the g = 1.0 case reject the JP = 0— hypothesis at the 97.9% C.L.

* Both expected result at p = 1.0 and Y4 = 1.23 (as seen in the data) lie in the 3s.d. region
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ELECTROWEAK NP: “Low MASS” W’ AND Z’

Conf. Note 11079

W' tb in E +jets CDF Run Il Preliminary, L = 9.1 fb™'

- omeea- CDF K. +j9.1 fb™! 1 €Xp-

= CDF ET+| 9.1fb™ , exp. + 1o

= [ CDF E; +|91fb exp. + 26

...... CDF I+| 1.9 fb exp., Phys.Rev.Lett. 103, 041801 (2009)
............ DO I1+j 2.3 fb™ exp-, Phys.Lett. B699, 145 (2011)

- CMS I+ 5.0 b exP , Phys.Lett. B718 1229 (2013)
—_—— ATLAS 1+j 14.3 fb™' exp., ATLAS-CONF-2013-050 (2013)
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ELECTROWEAK NP: “Low MASS” W’ AND Z’

Conf. Note 11079
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LECTROWEAK NP: “Low MASS” W’ AND Z’

Conf. Note 11079
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CONCLUSIONS

Tevatron pp collider gave the first evidence of a new particle interacting with fermions

% Provided valuable mfor ucture
% Probing scalar nature mionic f|nal states
* Great place 0 explc
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CONCLUSIONS

Tevatron pp collider gave the first evidence of a new particle interacting with fermions

% Provided valuable information about Yukawa structure
% Probing scalar nature oft bson in fermionic final states
* Great place to explore EWK physics at O(100)GeV scale
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THE COLLIDER THAT COULD

2xCDF Preliminary Projection

~20 7
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End of 2011: expect >2.5 ! 38
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HIGGS AND FERMIONS

* We know there is a Higgs boson in
LHC data

* it first appeared decaying into two
bosons

* the big picture is still far from clear, as
there are a multitude of loops where
new physics might be hiding

* not to mention interference between
diagrams...
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VALIDATION OF THE HIGH-MASS SEARCHES

DD, 9.7 b, Il + E;

. O i aid RASAS RASAAREALT RARLE BALL AARES RZALE AL
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0C e Campbell and Ellis, PRD 60, 113006 (1999)
-_1._ llllll e Lreaalinealecnalns L o o i . a1
37252451050 051 15 5 10 15 20 25 30
log, (s/b) Cross Section (pb)

Fabrizio Margaroli



TOP, HIGGS, AND ALL OF US

Mtop from direct

180

178

176 =

174

measurements

Top pole/mass M, in GeV

From indirect measurements
(until recently)
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Stability
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SPIN AND PARITY
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