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* 6.6 fb

* non-resonant production
o Coloron pairs
o RPV stop —j

* resonant production
o axi-gluon - consistent
with Tevatron
tt Agg asymmetry excess
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pp\s=1.96 TeV CDF Runll Preliminary
PP— YY— jj
*Irigger

o 3 jets, Er> 20 GeV

o ¥ Et>130 GeV

Selection and Trigger Efficiency

o SeleCtiOn 100 200 300 200 500
= JETCLU, cone 0.4 Resonance Mass m, [GeV/c?]

o 4jets, Er> 15 GeV
o [ TTING, 2.4

. ppVs=1.96 TeV CDF Runll Preliminary

—e— M, =50 GeV/c?
= M,=70 GeV/c?

e Efficiencies | 4+ M,=80 GeV/c?
- PYTHIA + GEANT - _, B et

-3- M,=220 GeV/c®
350 400 450 500
Resonance Mass m, [GeV/c?]
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Selection and Trigger Efficiency




* Use 4 leading jets

* Select combinations with min | My,-My, |

* My, and My, must be within 50%, cos6™<0.9
* YY—(jj)(j)), use average of My, and My,

* X— YY—(jj)(jj), use 4j mass

CDF Runll Preliminary  pp\s=1.96 TeV CDF Runll Preliminary  pp\s=1.96 TeV
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e Fit mass spectra to nominal shapes, developed on MC

* 5 segments in 3 mass regions
* systematics from fitting residuals in control regions

%10 CDF Runll Preliminary Ldt=6.61" pfVs=1.96 TeV
Data L amiie |
Signal, m =70 GeV/c?, 6=200 pb
Signal, m =120 GeV/c?, 6=50 pb
Signal, m, -4(]0 GeV/c?,6=0.5 pb

o
=
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G
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o
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Q
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Fit / Fit

Data -

200 250 300 350 400 450 500,
Reconstructed Di-jet Mass [GeV/c?]
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*4-jet mass in resonant production

x10° CDF Runll Preliminary J Ldt=66f ppVs=1.96TeV
L] I

0 5p 5 X5 YY S jj . Daw
35— Axi-gluon, m =300 GeV/c?, a=100 po——
30 e Moi-gluon, m_=400 GeVic’, a=50pb __
o5 Axi-gluon, m =500 GeVic®, a=10 pb
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Ldt=6.6fb" pp \s=1.96 TeV CDF Runll Preliminary

pp = YY — jjjj —e— Expected limit at 95% CL
—®— QObserved limit
I Expected limit £ 1o
Expected limit+ 2 ¢

——= Coloron LO
#8 stop quark NLO

=)
="
T
S
T
Q
a
B

50 100 150 200 250 300 350 400 450 500
Resonance Mass m,, [GeV/c?]

* Exclude 50<M(Y)<100 GeV for Coloron
and 50<M(Y)< 125 GeV for RPV stop

*[ ow mass limits are unique to the Tevatron
ISMD 2013 8 9/19/13



P
=

CDF Runll J- Ldt=6.6f" pp Ys=1.96 TeV
Preliminary
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Observed 95% CL limit on cross section [pb]

450 590
Resonance Mass m, [GeV/c®]

* Exclude axi-gluon [150,400] for M(c) =[50, M(A)/2]
- this is some space of interest for CDF tt Ay excess,
but can’t exclude the axi-gluon as an explanation
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€ on Resonances
in W+2 jets
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Update of Phys. Rev. Lett. 106, 171801 (2011)
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“not described by current theoretical predictions

within the statistical and systematic uncertainties”
DY and LHC did not confirm...
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* Full Dataset T
e ¢’sand U’s
o P> 20 GeV
o In| <1 (central)
e MET>25,
o M>30 GeV
* 2 jets
o Er> 30 GeV
o In| <24
* Additional selection
o P.(j1+j2)>40 GeV  * Similar excess persists

o |An (71,2) | <2.5 * Recently,
> AQ(MET,j1)>0.4 3 new effects discovered...
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Small AR not
modeled, but not
needed, cut it out

— small

Improvement

CDF Run Il Preliminary, L = 8.9 b

Events/0.1 radians

ras

-

ISMD 2013

CDF Run Il Preliminary, L =8.9 b’

Dijnz?-'l]dul [Ga‘w:;iw

T e Claita-SM (o Diboson) [

12=86.9
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*Jet corrections convert observed tower energy to

true hadron energy
* validated on photon-jet balancing, 80% quarks

* doesn't quite work for Z-jet balancing, 60% gluons

Z-Jet Balancing: 60.0 GeV <Jet E_<70.0 GeV

y+jet balancing: 60.0 GeV < Jet E; < 70.0 GeV

Xpo,=-0.002+0.004 ||  X,,.=0.004:0.005

4 J\ CDF Run Il Preliminary,

*}*Data

*MC

- MC(gauss-fit)
- Data(gauss-fit)

Events/bin

Events/bin

*Data

“*MC

- MC(gauss-fit)
- Data(gauss-fit)

ISMD 2013 14 9/19/13



ns to MC samples jet energy,
~ based on q/g truth:
| ’Quark-]ets (F14+/-2.7)% gluon-ets: (7.9 +/-4.4)%

CDF Run Il Preliminary, L = 8.9 fb™ CDF Run Il Preliminary, L= 8.9 fb"'

Events/10GeV/c’

DI e maraten remin)
200 250 300
Dijet-Mass [GeVic®]

ﬂzasss'

ndof=28  z0f...4, | ndot=28

2

Muon sample now well described,

electron sample still not quite so well
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a electron candidates with extra energy to

CDF Run Il Preliminary, L =8.9 fb™

. noQCD fix | | [How 2

— . e x==zg+4
prob= 0.374

. A small group of dedlcated analystshflguredﬁrlt out -

case closed!
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graviton - like
n 1 ruled out by LHC
ion in decay to dibosons
1 Yang Theorem)
- LHC excludes

*at99.9% CL (Atlas)
0" at 99.8% CL (CMS)
 But is the Tevatron data in bb
consistent??
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es are different depending on J* assignment
S-wave; cross section ~[3 near threshold
-wave; cross section ~[3° near threshold
4 ) =2p/
D-wave; cross section ~[3° p=2pIs
e Tevatron the kinematic differences will come
rent behaviors at the production threshold

Miller, Choi, Eberle, Muhlleitner, and Zerwas, PLB 505, 149 (2001)
Ellis, Hwang, Sanz, You, JHEP 1211, 134 (2012)
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=
N

Events/40 GeV
-t

* MADGRAPH+PYTHIA
e Use Graviton for J=2
o PYTHIA + GEANT,

JETMET_TM

- —
N Lo

entries / 25.00 GeV/c>
o

100 200 300 400 500 600
MET+bb Transverse mass

V+X My, ZH—vvbb
ISMD 2013 20

100 200 300 400 500 600 700 8 )
Total transverse mass, GeV/c

V+X My, WH—1vbb
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’

* Use Known mass to improve sensitivity

* Divide Kinematic distributions into high and
low S/ N, sensitivity regions and treat them
statistically separately

Tightest B-tag channels:

ZH—vvbb, TT WH-lvbb, 2TT ZH-lIbb, DT
Preliminary, 9.5 fb™ %] Prellmmary, 9.7 fb” D@ Preliminary, 9.7 fb™
* Data * Data * Data

Il Multijet Il Multijet Il Multijet

V+if Vil

Valf { ‘ * .V+hf

Tt
misingle t
mvv
CJo* Signal 10’ Signal (Jo* Signal
[]2* Signal | []2" Signal []2* Signal
(Signals x20) . (Signals x20) (Signals x10)

— — . i
00 100 200 300 400 500 600 100
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B %

’

S section to SM
.0) or DY observed
e (1.3)

DJ Preliminary, 9.7 fb™ —0'LLR
== 0" LLR =10
0" LLR +20

—2*LLR

Pseudoexperiments

Xsec scaling 1-CLs
1.0 Expected 0.9992
Observed 0.9922
1.3 Expected 0.9999
Observed 0.9988

Result in &
3.16
242
3.72
3.04

*Sensitivity to 2" is similar to LHC single channel
*Results for 0~ will be available very soon!

ISMD 2013
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Jate of Dimuon
' e Asymmetry

Update of Phys Rev. D 84, 062007 (2013)



E‘ * __ll.:h 10}

b 1

effects related to CP violation in B,

al times in Run 11, current
e ows a 3.96 anomaly
ng work:
r data up to full dataset
in methodology

>w of checks

> preview of sensitivity

inal 10 fb-1 results are in review, will be
released in about two weeks!
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v-Pr muons: (Pr>4.2 or P,>5.2)
eV
| li-muons: M(u n) >2.8 GeV
107 n; 22 x 10 k. 6X1()6},Lilvli

ita in P, 1, and impact parameter

les:

| — X “right-sign”

- b—->B*> B> pu X “wrong-sign

b—-B* - ptX “right-sign”

0 —» B »BY > ut X “wrong-sign”

b= c—-pt “wrong-sign”

ISMD 2013 2.5
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*inclusive muon sample should show little
asymmetry over background - it checks background
a=(n"-n)/(n"+tn), with corrections

50<IP <120 um 120 <IP <3000 pum

0.04 : i ™ —
| DB gAY« - Asymmetrya,, . (a)
0.03 - Asymmetry a

0.02
0.01

L[}
0<|n| <0.7 0.7-1.2 1.2< |n| < 2.2 001
] 8

DB, 104 fb' = - Asymmetrya,,  (a)
- Asymmeltry a

Asymmetry
Asymmetry

—— : pRY
| 1 P-p;q—_l_'lM'lN PHEUM“,,_HB‘!

(Py().Inl) bin z 001

0

(pg().nl) bin (py(u)dnl) bin
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eResults from previous analysis, 9tb, 3.96 from SM
red bands from other work: B;—Du, Bs—Dg 1
e With 10fb™ improvements, ellipse is 44% smaller!

DO, 9.0 fb!

68% and 95% CL regions
are obtained from

the measurements with
IP selections

68% and 95% CL regions
are obtained from

the measurements with
IP selections

-0.04 -0.02 -0.04 -0.02 0

d
dg
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G. Borissov & B. Hoeneisen Phys. Rev. D 87, 074020 (2013)

alyses considered all the asymmetry
1d to be from CP violation in mixing
osed that interference from

~ CP-even states can

| . EO - Contribute to wrong -sign

* [s the anomaly resolved? Will AT’ j/T"; be measured?
Stay Tuned - 2 weeks!?
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inues to make a significant
se space difficult to reach at LHC
lementary to LHC
ing unanswered questions

| s not covered yet

And loesn’t count the many unique and
raluable legacy measurements that can still be
performed with the Tevatron data...

ISMD 2013 29

frontier is not the whole story
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" 2
RC

ays to Photons
Neutral Pions



-, 'all in the SM, Similar to W*—n™y
~ Tests:

Pion form factor

sics beyond the SM...

Not allowed in SM - Landau-Yang

theorem, Bose-Einstein statistics

Tests:

* Commutativity of gauge theory
- ™« Physics beyond the SM...
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CDF Run II Preliminary

Signal

Process —20

Br(Z — ) 0.88
Br(Z — «%) 1.21
Br(Z — 7% 0.93

reported as BR

[L£ =100 fb!

95% C.L. Limits

Expected (x10°%)
—lo Median +1o
1.19 1.66  2.34
1.63 228  3.21
1.23 1.72 241

Observed
+20  (x10°
3.20 1.66
437 2.28
3.29 1.73

» 3.1 times smaller
than world’s best
2.3 times smaller
than world’s best
*first reported

*SM expectations for BR(Z—ny): 107 - 10712

ISMD 2013

32

9/19/13



