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INTRODUCTION

e The LHC is a top-factory:
8 TeV: about 4 million top-pairs
14 TeV (300 tb1): expected to 240 million top pairs

e 100 TeV pp collider (300 fb1): 10'° top pairs are expected
explore the top properties or search for heavy new physics

e We point out that tops can also be used for flavor precision
measurements:

Probe CPV in heavy flavor mixing and decays



OUTLINE

Brief introduction

The proposed measurement and its relation to
CP-violation (CPV) sources

LHC sensitivity (preliminary)

Summary
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INTRODUCTION

e Existing analyses of CPV in B-physics rely on production

of bottom pairs:

B-factories: resonance decay

Y (4S) — bb

Tevatron / LHCb: gluon splitting g — bb

e Consider for example: DO like-sign dimuon asymmetry
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THE PROPOSED MEASUREMENT
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Two type of events:
Same Sign: Charge (¢;) = Charge (¢;)
Opposite Sign: Charge (¢;) # Charge (/)



CONSTRUCTING THE ASYMMETRIES

Same-Sign (SS) Opposite-Sign (OS)

Assume that light mesons (u,d,s) can be rejected, but not Charm mesons.
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CONSTRUCTING THE ASYMMETRIES
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Assume that light mesons (u,d,s) can be rejected, but not Charm mesons.



CPNVIOLATION SOURCES

CP violation in meson anti-meson mixing:

T bl
B < B Amix

mixing Abe
mix

neglect CPV in D — D mixing
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CPNVIOLATION SOURCES

CP violation in meson anti-meson mixing:

T bl
Bt Amix

mixing Abe
mix

neglect CPV in D — D mixing

Direct CP violation in meson decay:
bdecay  Agi, Agiy

cdecay A%
ignore direct CPV in b — cc for simplicity

Y. Soreq 7 Flavor and top physics @ 100TeV



SAME SIGN ASYMMETRY
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SAME SIGN ASYMMETRY
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measured CP violation
CP asymmetry sources
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r, — the fraction of events from each sub-process
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SAME SIGN ASYMMETRY
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measured CP violation
CP asymmetry sources
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r, — the fraction of events from each sub-process
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SAME SIGN ASYMMETRY
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measured CP violation
CP asymmetry sources
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r, — the fraction of events from each sub-process
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OPPOSITE SIGN ASYMMETRY
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measured CP violation
CP asymmetry sources
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rq — the fraction of events from each sub-process
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OPPOSITE SIGN ASYMMETRY
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rq — the fraction of events from each sub-process
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LHC SENSITIVITY (PRELIMINARY)

e Naive estimation of the statistical uncertainty (systematics
are not included)

e Event Selection:
+ Semi-leptonic top pair events with two b tags

+ Association of the b with the appropriate top (by using
the Matrix Element Method)

+ Can also use the b from the hadronic top

e The backgrounds are expected to be small



LHC SENSITIVITY (PRELIMINARY)

Estimated number of events per sub-process:

Ng = O3 BR(tt — SL)

semi-leptonic top-
pair production
Cross section

Y. Soreq 11 Flavor and top physics @ 100TeV
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Estimated number of events per sub-process:

N = OthR(tt_% SL) L

Semi-leiC tOp- lnte gr ated o

Cross section
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LHC SENSITIVITY (PRELIMINARY)

Estimated number of events per sub-process:

Ny = 0y BR(tt — SL) Le

Semi-leiC tOp' Inte gr ated

pair production luminosity

Cross section .
etficiency:

pre-selection cuts 55%
b-tagging (60% )?
v-association 70%
total etficiency - 14%

]



LHC SENSITIVITY (PRELIMINARY)

Estimated number of events per sub-process:

N = 043 BR(tt — SL)L: € Bq

semi—lenic top-  integrated * rate per
pair production  Jyminosity sub-process
Cross section .
etficiency:
pre-selection cuts 55%
b-tagging (60% )?
b-association 70%

total etficiency - 14%
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LHC SENSITIVITY (PRELIMINARY)

Sensitivity for the Asymmetries:

: 7.6
G A%S ~ iy G(L) <1077 - BA" ~ 5(0.8) x 10~*

VO L VoL

For CP violation only in mixing (no direct CPV):
§AY 305y x 10
Vs = 14(100) TeV £ = 300fb~"

Bounds on direct CP violation sources (95% CL):
current 8TeV 14TeV, 50

A 1.2% 1% 0.3%
A 6% 1% 0.3%
A%, ’ 1% 0.3%

Descotes-Genon and
Kamenik, 1207.4483
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SUMMANRY

 Propose to probe CP violation in B mixing and in b
and c¢ decays in top-pair events, by exploiting the b-
charge tagging ability inherent to the top semi-
leptonic decay.

e This is an independent measurement with different
systematics sources than LHCb and the B-factories

(lower sensitivity for CPV in mixing, but better for
direct CPV).



SUMMANRY

e Within the standard model:
AZ(SMY. AZ(SM) = 10

A% A% £ 0 q new physics
’ beyond the SM

given the expected
sensitivity
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SUMMANRY

e Within the standard model:
AZ(SMY. AZ(SM) = 10

A% A% £ 0 q new physics
’ beyond the SM

e New results (bounds on direct CPV sources) can be
obtained already with the 8 TeV data.



BACKUP SLIDES

Flavor and top physics @ 100TeV



CPNVIOLATION SOURCES

o (b—2b—tX)-T(b—b— ¢ X)
T2 b—= X))+ T (b= b— - X)
b (b—ob—ecX)-T(b—=b—cX)
" Tb—ob—=cX)+T (b—b—cX)
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CPNVIOLATION SOURCES

Fb—0X)-T(b— tX)

A% — -
T X)+T (b= £+ X)

b — c Xlight) — T (B — C Xlight)
b — c Xlight) + I (b S Xlight)

I (
A% —
dir T (

I' (E =7 K_Xlight) il (C g E—I_Xlight)

A% —
£i I (E —> K_Xlight) + I (C — €+X1ight)
neglect CPV in D — D mixing
ignore direct CPV in b — cc for simplicity
Y. Soreq (7%

Flavor and top physics @ 100TeV



WRONQG ASSOCIATION €FFECT

wrong assoc1at10n

- - ___,/

same sign and opposite sign samples are mixed

ASS <:> AOS
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WRONQG ASSOCIATION €FFECT

(AOS_I_ASS)

(AOS_I_ASS)

wrong association
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WRONQG ASSOCIATION €FFECT

(AOS_I_ASS)

(AOS_I_ASS)
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RELATION TO DO DIMUON ANOMAY

B Booixing: A" D0 =[-8 =196 <10~

direct CPV in b decay : A% (D0) = (3+1) x 1077
direct CPV in ¢ decay : AS (D0) = (94 3) x 10~

Descotes-Genon and
Kamenik, 1207.4483

DO from direct CPV in ¢ decay: A°° at 2.80 (14 TeV, 50 fb_l)
DO from CPV in B, mixing: A*® at 2.10 (14 TeV, 300fb~ ")
DO from direct CPV in b decay: A°® at 2.90 (14 TeV, 300 fb_l)



"Automation of the matrix element reweighting method’
(arXiv :1007.3300)

For each event, computes the probability that it originates from some
process, defined by its born amplitude :

P(x) = [ dyIM()T(xly)

» ¢ : effective cross section,
» M : born amplitude

» [ :transfer function, gives probability of reconstructing particles of
momenta x originating from parton level momenta y.

Y. Soreq Flavor and top physics @ 100TeV



» Transfer function : double gauss pr for jet, o function for leptons
» correct for ISR by boosting back in ref. frame where pr =0
» |n previous formula, MadWeight averages over possible final state

permutations
» We want to extract the probability of each permutation :

» no ambiguity for ¢ and E7sS
> b-jets (x2)
» light jets (x2) — degenerate !

For each event, probabillities Py and P> of two possible choices of the
b-charge can be computed.

Y. Soreq Flavor and top physics @ 100TeV
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large values of W correspond to good discrimination between the two
association hypothesis

» sample with correct association can be selected.

» bonus : background rejection !

Y. Soreq Flavor and top physics @ 100TeV
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Can achieve < 10% mis-association rate with =~ 70% signal
efficiency.

Y. Soreq Flavor and top physics @ 100TeV



