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the CDF bump (1104.0699+update)

7.3 fb~! data:
3 ad central l(e/u), MET > 25 GeV,

2 jets pt > 30.0 GeV, p1j > 40.0 GeV

look in dijet mass spectrum 4.1 (syst) sigma excess
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generated much excitement
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what (new physics) it could be...

tough to get a large enough cross section.. recall o(pp -> WW/WZ) ~ 18 pb

W
one resonance...
J
]
W
two resonances... \«
\ .
Y_ J
W J

pair production...

] more?
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wait a minute...

® ‘| thought this went away...?"” or “l heard this
went away...’ NOPE

® “| remember something about a task-force/
investigation, what happened with that?”

NOTHING

® “should | be worried about other searches:
Higgs/BSM with W+jets as a background?”

YES
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the DO response

4.3 fb-1data, same analysis as CDF

e+u combined
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some excess, BUT consistent with the SM
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area norm.

the DO response
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W + jets, M , CDF binning
)

e DO params & analysis
— CDF params & analysis

— DO params, COF analysis
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(1106.1921)
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Nothing at the LHC...

lllllllllllllllll

ATLAS Preliminary — "

Ldt=102fb"  Cwepes
Caco

i, Njet =2 [
- Zsjets
D single top

= Total SM (Syst. Unc.)

ATLAS analysis (1 fb"')
sees no deviation from SM

Events / 10 GeV

BUT not yet sensitive to WW/W/Z

B B

* WHjets increases by x10,
® qgbar induced processes only
increase by ~ x4

llllllllll

15 +++++W"+**’***M+H+++ + + +¥g .
ST difficult to study at the LHC

0 50 100 150 200 250 300 350 400
M, [GeV]

Data/MC

may rule out glue-induced or large coupling new physics

estimate that MUCH more data needed if gqgbar induced NP. syst?

(Eichten,AM, Lane 1107.4075, Buckley et al 1107.5799)
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came..

what about this task force?

saw... agreed to disagree

/ lex® e A @
H— £33

disbanded when

leading SM explanation

failed to explain
excess

did get better estimates of how consistent/discrepant results are:

CDF: 3.0+0.7 pb

(0.42%5:33

DO: 0.82+983 pb

pb)

using H(bb)W, my = 150 GeV
acceptance*efficiency

& studied how MC choices/tunings effect results
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first : quarks vs. gluons

lots of noise about mis-modeled gluon Jet Energy Scale (JES) as an
explanation

* JES(pt, N) known to % level for light quarks (from ttbar), but what
about gluon-jets?

| Fraction of total W+jj, jet composition |

" —& - could be important ...

QG
—GQ
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BUT if gluon JES is different, other
P processes will also be effected
(dijets, gamma/Z + jets, etc.), as will
el other distributions
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solid = CTEQ6L, u? = M2, + p;” .
cashea - GTEQSM, 2 =1, what makes a gluon jet?

I dotted = CTEQ6M, 2 = 4M3,

ﬂflll‘lll1‘1111‘1111‘1111‘1111‘11
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SEE: www-cdf.fnal.gov/physics/ewk/201 | /wijj/7 _3.html
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guarks vs. gluons: cross-checks

® vary pTj, pT2/pT.1, changes gluon content (according to LO
parton level)

e excess shape and location (M;) remains intact

Parton composittion in W+jj,CTEQSL, u2 = M\’N + p:u
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increasing pt2/pT

many other checks pursued by CDF (see CDF note 0601 (July ‘I 1))
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guarks vs. gluons: cross-checks

® vary pTj, pT2/pT.1, changes gluon content (according to LO
parton level)

e excess shape and location (M;) remains intact

Parton composittion in W+j|,CTEQSL, 7 = M, + p{“. COF cuts, PPy 0.6
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many other checks pursued by CDF (see CDF note 0601 (July ‘I 1))
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guarks vs. gluons: cross-checks

® vary pTj, pT2/pT.1, changes gluon content (according to LO

parton level)

e excess shape and location (M;) remains intact

Parton composition in Wjj, CTEQSL, default cuts + ET ,;./Em >0.8
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many other checks pursued by CDF (see CDF note 0601 (July ‘I 1))
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guarks vs. gluons: cross-checks

but NO evidence that different q/g JES
qualitatively changes result
(despite many rumors)
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other MC studies and cross—-checks

e changing MC inputs (generator, shower, pdf, matching)

has little impact on the region of interest |
(AM, J.Winter)

e excess is present in both exclusive (2 jets) and inclusive
(2+ jets) samples: rules out ttbar as an explanation

e improved background modeling with NLO tools

* shape of backgrounds, % consistent with CDF
* no surprising K factors (MCFM, CDF cuts)

(Campbell, AM,Williams |105.4594)

e recent NLO+PS study reaches similar conclusions

(Frederix et al 1110.5502)
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what could it be?

biggest difference is systematics: number, treatment

ex.) D@ adds in “out-of cone’ radiation, CDF does not
(not clear they have the same definition of ‘out-of-cone’)

leads to slightly different
definition of jets

CDF excess is quite sensitive to pt

jet pr>300Gey : 320 at43fb]
jet pr>200Gev : IO

analysis with harder pt cuts would really clear this up.

no matter what: if different treatment of systematics can
cause such effects ——> we're in deep trouble

Friday, February 3, 2012 11




where does this leave us?

My opinion: CDF & DO are likely not that incompatible

once compared more equally

& combination will show deviation from backgrounds

consistent with ~|-2 pb new physics cross section

even though it’s unexpected, it still NEEDS to be
understood

no SM physics explanation so far

so, what new physics can explain it!? &
how can we distinguish among models

Friday, February 3, 2012
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W + jj from two resonances

m ~ 150-160 GeV

/) L

ing
resonant productio\n/K
needed to avoid |
direct Z’' /W’ light parent resonance

constraints narrow width, large BR to W jj

necessary to get enough rate

Friday, February 3, 2012
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ingredients all present in ‘multi-scale’ technicolor models
(Eichten, Lane)

Main idea: there are two sources of dynamical EVWSB

<T1LT1R> X 27'('1):13 ..for example, Tz, T2 in

B . different TC reps.
TQLTQR X 2TV .
< ) 2 sin y = vy /11 K 1

resonances (P, at, W ..) associated with the v; scale are light

two vevs —> extra NGBs = technipions

Friday, February 3, 2012
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model w/ deconstructed language

(Dominici, DeCurtis
Chivukula et al )

- Aiml/vl U, = ZhTZ/VZ
Ul - e Vl 2"’

* Pt modeled as massive
gauge boson

Q
fr o
L * one combination of TT;
V2 V2 remains uneaten
SU(2)w U2 U(1)y
M
fermion - pt coupling suppressed by W siny < 1
PT

* technipions couple to SM fermions w/ strength ~ ms
1

F<T1LT1R>]FLJER — mf(‘|‘ ZWTT + ">foR

though model dependent

Friday, February 3, 2012
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W + jj from two techni=-resonances

M, ~ 150 — 160 GeV

if Mot < 2 Mn7, dominant decay is to WTT

<,

expected from walking TC lore,as <TT> can have a
large anomalous dimension, which effects MnT, not Mot
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signal
parameters:

CDF cuts:
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Does it fit: W + jj

M, =290GeV, M., =160 GeV

o(pp — ,0%’0 — W +jj5) ~2.4pb

extra cuts: A¢;; > 1.75,

ALPGEN, MLM
matched

l

PYTHIA 6.4

l

granularity

on x 6¢ = 0.1 x 0.1
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M.

(ELM '11)

Number of Events/8 GeV

pPrw > 60 GeV

enhance signal

180f [Jw + jets
L Bwwwz
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Annovis talk at LP

2011

P-(dijet) >60 & A¢p > 1.0 ‘

Lepton Photon, Mumbai,
23-08-2011

Excess stable w.r.t. changes in selection, Pr->W 1y .
despite change in bkg shape at low mass Eichten, Lane, Martin
PRL 106, 251803 (2011)
N [ 2y o7 ' ]
2 X2Indf £ 106.91/127 —— T3
) — Gaussian 3.1% | A
O B WW+WZ 4.7%
o 4001 BN W+Jets 74.5% | >
B | Top8.4% ] $
[= Bl Z+jets 2.8% S
2 | £ QCD 5.3% :
@ * :
. w
200} - §
. £
| 2
’ E 1
NN | NNNNN NNNNNTR
g 100 200 |
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M

Particle level, no detector simulation

A. Annovi - BSM at the Tevatron

24
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Does it fit: W + jj

For the two resonance story to make sense there must
be a peak in the total Wjj invariant mass near ~300 GeV

CDF Run Il Preliminary L, = 7.30 fbo

I o mwew L=73fbl+
i =gc+;§t;um,-e. dijet mass window cut
, Bl Zsjets 115 GeV < Mj; < 175 GeV
400} Bl Top
200]-
" SEE: www-cdf.fnal.gov/physics/
ewk/201 1/wijj/7 _3.html

O%—"""200 400 600
KS = 73.5 %, 3°/ndf= 144.5/ 46 M, GeV/c?
V)

with CDF cuts alone, pt peak sits on top of
sculpted background.. additional cuts can help

19

Friday, February 3, 2012



what can kinematic distributions tell us?

various signals, CDF data in excess region
a(Wjj) = 2 pb 115 GeV < Mj; < 175 GeV
CDF Run Il Preliminary L_=7.30 fb™
O IIIII'I'llllll'llllll'l'l'IIIIIIIXIIIII‘I'IIIIII'
100 S 1501 -
—pr =Wy _.(.E
— H(b b)+W 8 £i
_Z'U+V-\|I- = B i
B Z,+W 100+ i

: L I
50+ :_L[ I J(

- 50+ =

L1

gl l
Ll = L wENEEEER el e b
3 4 5 0.0 0.5 20 25 3.0 3.5

A Rjj i

-- model used by CDF/DO to estimate acceptance
Z’ with flavor preserving/

Friday, February 3, 2012 20




what can kinematic distributions tell us?

various signals,

a(Wjj) = 2 pb
| —pr =Wy
80 H(b b)+W
B —Z'y+W
i Z',+W
60— |
: - L 1
40~ J =
| T
20} b
B L
0 - | [ —7_:?7*
0 50 100 150 200
pT,J'J'

-- model used by CDF/DO to estimate acceptance

Z’ with flavor preserving/

Data - MC

CDF data in excess region
115 GeV < Mj; < 175 GeV

CDF Run Il Preliminary L _=7.30 fb™
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III]IIIIIIII Illlllll_
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hard to see at the LHC

1 fb-1
4000F
-
e with cuts similar to CDF, &ooo}

qq induced sources of Wjj are barely &%

visible... W+jets is just too big 22000
51000}
|

0 100 200 300

300 i

e harder pT cuts suppress background,
200} but sculpt a peak right under the signal
ebetter signals in related channels

pt —=> Z(I*17)+jj, W(v)Z(I*])

-y
o
o

T

Number of Events/10 GeV

0 100 200 300

(Eichten, Lane, AM, 1107.4075)
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or maybe we’re already seeing something...

one of the most studied channels is I*I- + MET, (for h->WW)

~2 sigma discrepancy between expected &
observed limits for muy ~100-200 GeV
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or maybe we’re already seeing something...

pt —> WTT can give the same final state

Vr
-
for M, Mp masses that fit CDF
o T a excess, get an LHC |*1- + MET signal
/
” with strength O(0.1-0.5) x SM Higgs
W
- 2 (AM, 1108.4025)
s >
% I top 0] I top
5 L 2 Sl
...could be what we see i “f =0 2 dr =or
. °© + Higgs[130 GeV] N — + Higgs[130 GeV]
in WW 8 g
R ;
.
5 o

improved WWV limits
can rule in/out this
setup

%100 150 200 20
m; . (GeV)
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Conclusions

the CDF bump is absolutely not “wrong”, W+jj issue not settled
may be new physics ...

.. but if not, it exposes a mismodeling/misunderstanding in QCD/
detectors that is necessary to understand for future searches
(& not just at the Tevatron).

two resonance topology:
e large rate in Wjj with small fermion-resonance coupling
e must see peak in total Mwjj, related signals in Z(I*I)jj, f f

parameters from Multi-Scale Technicolor fit surprisingly well:

e multiple EWSB scales -> light resonances
e coupling to SM suppressed by v2/vi << 1

THANK YOU
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