Institute For Research in Fundamental Sciences
School of Particles and Accelerators

Top quark properties from top quark decays
( W-helicity, FCNC)

Mohsen Naseri

On behalf of the ATLAS, CDF, CMS and DO Collaborations

Fourth Annmnual Conference On
Larse Hadron Collider Physics —

Lund, Sweden




Top physics Menu

—~—INTRINSIC PROPERTIES 9/
Mass (matter vs. anti-matter) " ot
Charge, spin |
Life time and width™
o DECAY
W helicity
Couplings

Proton - g - iproton
— T «-i:_ . L g —

Branching ratios
CKM matrix elements
New particles

| B(t — Wb)
 BR Rare decays (FCNC)

“5=PRODUCTION AP
Cross section(inclusive, diffefential) JEee=
QCD parameters, tt+X
Asymmetries, spin correlation
Resonances, new physics
Flavour physics (FCNC)

Frci

| i

oy small selection of results will be shown with a focus on the most recent ones.

HLLpSE/iwakasceraschyivaka/biny/sacy/ACIVIS ENHIC/ENYSICSRESTI SN0 1
HpSs/svakabCernechypwaka/binyyacw/ At asEnblic/ A opENbIICRESTI LS

HCEPE//SyAVAYECUISMEI B OV/ Py SICS/REW/ L0/ Lol
HGEPE//Syavay2d DS OV /RUMZEIVSICS/ 101/ L0 PRPULIICEWEHRPHS CS/L0pRp I iCo it

Mohsen Naseri LHCP, 2016


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
http://www-cdf.fnal.gov/physics/new/top/top.html

3
Mohsen Naseri LHCP, 2016




W Boson helicity(motivation Wrs-1 o S

» The tWb vertex is written as V-A structure within the SM. t Vio A
_ Tigwg - S=1/2 @é
Lowy = NG by Vi, PLtW,” + h.c b« 1 w

» The W boson is spin 1 "™ it can be produced with a left-handed(F ), longitudinal(F ),

or right-handed(Fy) helicity. \ [

Fopp=

FO/L/R(t — Wb)
» SM prediction[LO, m_ = 0] :

Ftotal

NNLO QCD corrections [1]

- o W s F, =03110+0.0050
h,=—1 ) ) / L Qm%V + m? L
m —
M=t m— <qu— X Fr=0 —» F,=0.0017 + 0.0001

» The W boson helicity can be affected by non-SM tWb couplings.

[1] Phys. Rev. D81(2010)111503 %
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"~ W Helicity at LHC @ 7TeV . (5~ W helicity at Tevatron

Re_sults with ATLAS+CMS(35pb-1-2.2fb1) Results with CDF (8.7tb 1)
¢ tt events in the leptontjets and di-lepton final state 5 ¢ {t events in the leptontjets final state
1T "1 " T T " T 1B N+ 02 | T ) I R AR |
ATLAS and CMS preliminary : _ EB)ata ff.it: fu{l:; :_‘,DF Run 11 -data set : =
\s =7 TeV, L|n1=35 pbq -221f0" Fa FL Fo : Joeiitt 1Itca20verc;gu:icr?rztill?gensions i g
B NNLO QCD o1 A Standard model Prediction il
Combination L .
=4 Data (F_(F /F) B g 8
ATLAS 2010 (single lepton) e w2l o - J ml =
ATLAS 2011 (single lepton)  ~e- - e - 2 E
ATLAS 2011 (dilepton) —-— mb - > i ol =
CMS 2011 (single muon) e A ; -0.1— “' — E
LHC combination - - e > B ]
M B BRI A CIIJ | Ll
0 0.5 1 @) G 6% - ow '
W boson helicity fractions % fo
- RSN MNMMNSMM———— [ F, = 0.726 £ 0.066 (stat.) = 0.067 (syst.)
0.5 - ATLAS and CMS preliminary — | _
i L,=35pb’- 2.2 fo! - § Fr=-0.045 £ 0.043 (stat.) = 0.058 (syst.)
0-45 Z_ Ys =7 TeV _: la e 1:_ CDF + DO combination
04 - El i ‘ L=27-5.4fb"
B ] 0.9:— e s ® Combined result
- L ] ] C Y SM value
0.35 — — - O CDF l+jets
B ] ae ( [ CDF dilepton
03 - > Data ] 07:_ ® il
. mmm NNLO QCD ] ok TS
0.25 - Unitarity boundary 3 0.6 RS
' B B BRSBTS BN B ! - C.L. contours
0.5 055 0.6 0.65 0.7 0.75 . 0.5
Fo : 03 02 0.1 o 0.1 0.2 0.3
F, = 0.626 = 0.034(stat.) + 0.048(syst.) ; f,
F, =0.359 £ 0.021(stat.) + 0.028(syst.) : Fy=0.722 + 0.062 (stat.) + 0.052 (syst.)
Fp =0.015 + 0.034(stat.+syst.) ' Fr =-0.033 £0.034 (stat.) £ 0.031 (syst.)
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http://prd.aps.org/abstract/PRD/v87/i3/e031104

(&~ W helicity in single top(t-ch.) signature @ 8 TeV(19.7 fb™) %

CMS 19.7 fb™ (8 TeV) CMS 19.7 b7 (8 TeV)™
0.35- o f » Data [ W+jets ) o
/- . . . . N\ i s 3000 WMt (t-chan.) [l Others p+jets  Fee
Combination(etjets, n+jets ): I \ € F Cltlother)  []QCD =
F,=0.720=0.039(stat.)£0.037(syst.) i 52700 W Stat. unc. =
F, =0.298+0.028(stat.)+0.032(syst.) ' : 2000} =
Fr =-0.018+0.019(stat.)=0.011(syst.) Thy : 15000 %
\- /' 425 * Daa ﬁ !
L [ Stat. unc. 1000
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| —— Total unc. 500}
02 * SM pred. (prps1 (2010)
BT = Y by i ot - 1 -0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1
0.65 Bk 0.75 0.8 cos(6,)

"W helicity in top pair(ll+jets) s1gnature @ 8 TeV(19.7 b)) Z
19.7 16" (8 TeV) -

%108 €€ MU, en 19.74t” (8 Tev) CMS Preliminary

N a0 ol o
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s ety B (f Other 1| e Data =
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it t o] o
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B I W+Jets | >
( . . \ 10 1 Diboson = : )
Combination: : Uncertainty 1 |ows e i | B 5. z
F, =0.653+0.016 (stat.)+0.024 (syst.) | °- =l s | 1 1 1 E
E 7 |toP-1a-017 I
=V. = 0. .)£0. . C n —
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W helicity in top pair(l+jets) signature @ 8 TeV(19.8 fb!)

1981

arXiav:1605.09047; submitted to) PILB
8TeV)

tt — (W) (W~b) — (£T14,)(qqb)

Entries/bin

¢ Main backgrounds: top pair, single top,W+jets, DY+jets

1000

CcmMs

X 2 Transverse mass Of the \%Y bOSOIlZ 30< MT <200 GGV g g2t TR T T e T S
80.8II|III|III|III|III|III|III|III|III|II
= -1 -08 06 -04 02 02 04 06 0.8 1
. . . . . Leptonic cos(8™)
¢ Top pair reconstruction using the kinematic fit ;
1981 (§Tov) o

For all processes containing top quarks, each event is
re-weighted as:

MC/data

. §|'III|IIII|

|
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Hadronic [cos(0™)|
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e
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ol
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0 0.1 0.

3 3 . 3
) G FL(L — cos 65) + T Fosin® 6 + S Fr(1 + €08 0er ) 5
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http://arxiv.org/abs/1605.09047

arXiay:1605:09047, submitted'to PILB

[ Combination(etjets, utjets) (&t\

F,=0.681+0.012(stat.) = 0.023(syst.)
F; =0.323 + 0.008(stat.) = 0.014(syst.)
F, =-0.004 £ 0.005(stat.) = 0.014(syst.)

19.8 b (8TeV)
e+jets

L+jets

l+jets combined

\_ precision of better than 5% )

11 1 | Il Il 11
0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76

The potential deviation from the SM can be interpreted in terms of anomalous tWb couplings.

_ Y - 937197 -
,C = \/Eb’}’ (VLPL*FVRPR)t W‘u \/_b MW (gLPL JrgRPR)tWﬂ JrhC

19.8 fo! (8TeV)

CMS Wes cL
V=1,V =0 [ Jo5% cL
Combined u+jets and e+jets * SM

0.10

0.06
Vector (V, ) and Tensor like couplings (g; , g ) -
are zero @ tree level in SM. 0.00

-0.02

-0.04
-0.06

-0.08

_0.1 u C L1 L ] | Il | | 1 ] - I 11 L1 | I Il | 1 1 11
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Re(g )
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SM: FCNC is forbidden at tree level t

highly suppressed at higher orders @(1012 - 10-17 ) by GIM Mechanism
BSM: FCNC couplings are enhanced up to O(104 - 105 ) [1]

(g~ powerful probe for new physics

SM prediction:
Br = 9.98x10"! [2] Br<1014[2 Br<1014[2] Br< 1012 [2] Br<10" [3]

V, b, W

» To probe FCNC effects in the top sector, a useful approach is to adopt a model independent search.

» The FCNC searches are performed either in decays of top pair events or in single top production.

will only cover the most recent results in the next slides.
[1] arXiv:1311.2028 10

[2] Nucl.Phys.B812:181-204, 2009
[3] Nucl.Phys.B821:215-227, 2009
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[ Y -
t— Zq(q =, c) in tt Eur. Phys. J. C76.(2016),12,_IFe=WR
e e e B R .
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ﬂf@!«\ S [ 'S—8TeV.20317 gy, E
/ \ § - B other 3/ 4
: L I ka4 i
* 3 1S(?lated leptons(e,u) i —— e
L 4 2'3 JetS, 1'2 b'tag B ] stat. uncertainty |
+ Missing energy i , & |
+ 2 cut(from masses) e i : |
\_ J ; %4 2 ]
1 o ke
I w- I :
@:ﬂts - b
‘ 12 240 280
B(t — qZ) < 0.07% (0.08%) for obs.(exp.) at 95% CL. ] My, [GeV]
S o L L L A B BN LA IR
= - ATLAS e data .
5 6;_\3 = 8 TeV, 20.3 fb™ ; :lt/: bqus"g"a'_;
R s = B Bl other 31 i
-ihi =2 O B v e
E - fake leptons E
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Sf_ ﬁ/
E t
I q
2:_ g E b
1 W
. . . : ]
CMS excludes the branching ratio above 0.05% with 100 140 180 220 260 11

combination of 7+8 TeV datasets.
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Comparing t — gH —yy with other decay modes

N IS}
N

19.7 fb' (8TeV)

CMS PAS TOP-14-019

% T eMs \ | T | T | E(zj
S 6L Preliminary Epttonic channel EP
© E Sizle:al + total background fit E []
°e e Z Total background =l H
Im o« S CRER L1 IR i Non-resonant M,, background — %
(&—t— Hq —yyq and t — Wb — lvb or qqb o B X
. . L B =
 Two high energetic photons: ) i t—He, Hoyy 9
: . . 3 ’ Sl -
Leptonic channel: one lepton and >= 2 jets (one b-jet) : ;':
Hadronic channel: >= 4jets (one b-jet), 2 1&
W boson and top invariant mass cuts 1 Ele
- J :
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T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII I MY'Y [GeV] Ults
Phys.Rev.Lett 112 (2014) 171802
fi. Brit— Z q) |
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JHEP04(2016)035 B(t — Hu) <0.42 % (0.65%) for obs.(exp.) at 95% CL
single top, Br{t— yu) 1 1
single top, Br(t— yc) - = * 19.7 tb™ (8TeV) O
ORI T : NASARRERERENEY L L L B R
t— Hq in different Higgs decay modes | O LOMS- s\ o hathonicleponic chamels | <3
,,x CMS PAS TOP-13-017 . o Preliminary \ : : - observed V.ﬂ
' i, Br(t— H ), H— WW,ZZ =t b ‘: 8 10 S - expected =
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' - il
: ff, Brit—H u), H — bb L 5 o
: 1, Br{t— H c)}, H — bb N cC I'.lu
: 2 -
: ®
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e &
o)
)]

1 . Brit— H u), H — vy -
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s 9526 TL” Ousertad Lirht” = " 186 EYp Lkt -~ -========="" i
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Top decay Br (%) B (’[ - CH) [%]
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t -Hq—bbq and combined results

=% ).
/Ca ) \

tegories based on (jet, b-tag) multiplicity, 3 PR s el A NV e
(an isolated lepton(e, ) \| (44, 3b) and (4j, 4b) are most sensitive channels, % Ly  fLWbWb
>= four jets ( >= 2b’-tagged), Signal/background discriminant: 5 T aien e
Backgrounds: top pair,single D(e) P59 (z) 2 0:_ ....... fowoHy ]
+. £ — - c A —
\top, Wjets y Psia () 4+ PV (z) £ ok
T with Psig, PYke PDFs using the resonances and jet |& |
B! i h i Qavour content of final state / ot
0.04
[Main sys: tt + jets modeling, b-tagging ] 208 | |
%5102 08 04" 05 06 0.7 08 08

957 CL.  H—bb obs.(exp.) H—>WW/zz, vy, bb

ATLAS 2

t —-Hu 0.61%(0.64%) 0.45%(0.29%) HosWW", £
Is=7TeV,45f"
t —>HC 0.56%(0.42%) 0.46%(0.25%) Is=8TeV, 20.3 !
T T f S BR(t—>Hc) = 0 i
HoWW* t¢ ATLAS _
1s=7TeV, 451" HbE S _
. 1
- Is=8TeV, 203" | [
° ° ° BR(t—Hu) =
Combined results are best limit ozl Combined f ----- Cipsoed 285 - =
on tqH interactions measured so far! e
H—bb — Observed 7] g 1 1.5 2 2.5
m . 95% CL limit on BR(t—Hu) [%]
Expected £ 1o
Combined— & | ... Expected +20 =+ . . . .
| | 1 Combination with single 13
0 0.5 1 15 2 25 | channel searches
95% CL limit on BR(t—Hc) [%]
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t —> uZ

CDF 3.7%102 1.96 TeV PRL 101 (2008) 192002 22—

Getting close to BSM scenarios DO 32 %102 1.96 TeV PLB 701 (2011) 313
Example: Branching ratios in ATLAS 7.3 x 107 7Tev JHEP 09 (2012) 139
FV 2HDM and R SUSY are CMS 51% 103 1.1 x10-! 7 TeV CMS TOP-12-021
predicted to be:
CMS 5.0x 104 7+8 TeV PRL 112 (2014) 171802
Br(t — ug) ~ 104, ATLAS 7% 104 8 TeV Eur. Phys. J. C76 (2016) 12
Br(t — cg) ~ 104,
Br(t — cH) ~ 103
Acta Phys.Polon.B35,2695(2004), CPF 3.2% 102 1.96 TeV PRL 80 (1998) 2525
arXiv:1311.2028 CMS 1.3 x 10 1.7 x 1073 8 TeV JHEP 04 (2016) 035
CDF 39x 104 5.7x%x 103 1.96 TeV PRL 102 (2009) 151801
DO 2.0x 104 39x%x 1073 1.96 TeV PLB 693 (2010) 81
ATLAS 5.7x 1073 2.7x 104 7 TeV PLB 712 (2012) 351
ATLAS 3.1x105 1.6 2 104 8 TeV ATLAS CONF-2013-063
CMS 3.6 x10* 3.4 %103 7 TeV CMS TOP-14-007
ATLAS 4x10° 1.7 x 104 8 TeV ATLAS TOPQ-2014-13
ATLAS  45x 107 4.6 % 103 7+8 TeV JHEP 12 (2015) 061
CMS - 56x1073 8 TeV PRD 90 (2014) 112013 ///
CMS i 9.3 % 10 8 TeV CMS TOP-13-017
CMS 42 %1073 4.7 x 1073 8 TeV CMS TOP-14-019
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Summary

¢ So far, no significant deviation with respect to the SM prediction has been observed

e

leptonic top pair

in top quark properties measurements.

¢ Current measurements are mostly limited by systematic uncertainties.

On W boson helicity:

¢ The most precise measurement of helicity fractons 1s obtained from semi
process. The measurement precision is better than 5%.

On FCNC:
¢ No evidence for top FCNC is found and upper limits are set on the branching ratios.
¢ The results are still far above SM prediction, but the exclusion limits are becoming tight.

=» sensitivity to some BSM models (FV 2HDM) is within reach.

¢ Upper limits on BR(t — qH, H->WW/ZZ/tt, vy, bb ) have been reported by ATLAS and
CMS.

Exciting times ahead in top quark sector 15

3%

Mohsen Naseri
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Anomalous couplings in the Wtb vertex @

npr-»

Performed on 4.6 fb! of pp collisions @ 7 TeV @ﬁ,

+ Extracted from the double differential angular decay rates of t-ch single top quark
+ Limits on the couplings Re[g,/V, ] and Im[g,/V ] with V=g, =0

= 0t o e e el

X 041 ATLAS + Best Fit ]

o L 1s=TTeV, 461" s

0 M 68% CL -

B []95%CL

o -

/" Limit @ 95% CL: (e 2 E

Re[gp/V,] € [-0.36, 0.10] and Im[gg/V, ] € [-0.17,0.23] | g4 :

Complementary to W helicity measurements, containing | g ]

previously unmeasured information about Im[g,/V| ] 04 -03 02 01 0 01 02 (l) [ /8‘]1
\_ / L
17

3%
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Results on W boson hellcmes

—— SM expectations PRDS1(201

Uncertainty: +—— total, e stat. ()111_\- F[{ Fn
D@, 54fb 1, #t —» £(f) + jets
PRD 83 (2011) 032009 *
CDF. 2.7fb ", ti . jets
p—y——— L
PRL 105 {2010) 042002
CDF. 11”1)-l tt — £F + jets
PRI 72 2013) 48-5 o *
» Tevatron combination
PRD &5 (2012) 07110 A -
CDF,8.7fh™ ! tt = £ + jets
PRD 87 (2013) 031104 = -1
: ATLAS 35 pl)_1 ((T(‘\*) tt — £ 4 jets
VT LASI NF-2011 3
ATLAS 1.04fh~! (7TeV), tt — £(f) + jets
JHEP 06 (2012) 088 ' B
- CMS. 2.2fh" (7TTeV), tt 11 jets
——— e |
CMS PASTOP 2
» LHC combination, 7TeV
\TLAS CONF-2013-033 T e
CMS, 5. ()fl)‘] (fT(’ "), tt — £ + jets
HEP 2013) 167
CMS, 4. bi'l)‘l (7TeV), tt — £ + jets
CMS PASTOP-12-015
CMS, 19.6 fb—! (8TeV), tt —» o + jets
CMS PASTOP-13-008
CMS, 19.7fb~! (ST(.'\-’_}._ single top
JHEP 01 (2015) 053
CMS, 19.7 b~ ! (8T(?\-"_}._ tt — 0f + jets
(CMS PAST P | T
+ + e ' t t
-0.2 -0.1 0 0.1 0.2 “ o5 0.6 0.7 0.8 0.9

The results are consistent with the SM at NNLO and previous measurements.
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b flavor content, width and V

CKM matrix:
Vid Vs Vi 0.97 0.23 0.04]
Vexvr = (| Vea Vs V! = 10.23 0.99 0.04
Via Vie V| 0.0 0.04 1.02
Measure the flavor content of quarks:
~ B(t — Wb) B
R=sBuswey 1705

¢ The magnitude of the top-bottom charged current 1s proportional to |V,

¢ Assuming the CKM unitary: R = |th|2

¢ The combination of Ry measurement with the t-channel single-top cross section
provides an indirect measurement of the top-quark width.

theory

Measured t-channel Cross section \
Ot—ch. 't — Wb /
Ft — : ) ( theor ) 6
B(f} — Wb) Jt—ch.y %

LHCP, 2016

Measured R; | g —
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b flavor content, width and V
Selecting ¢¢ di-lepton events in data 19.7 fb™! p-p @ 8 TeV

CMS, Vs =8 TeV, [L dt=19.7 b

en events
40000

tt — WqWq — (¢Tveq) (0 17q) 1&@4‘\ x& Ce

Event

30000 I:l Single top quark
C lower branching ratio but high purity sample (7 0—90%\) | —— :i: I

20000 _
- W, multijets, other tt

¢ two 1solated oppositely charged leptons(e or ) oo
¢ at least two jets 10000

¢ large missing energy for ee, pu channels ,
\ / ) ° ' ° ° jet multi;i:'icity
Counting N(t — Wb) and compare to the total N(t — Wq) Jet multiplicity

e fle guedby & - Hstimate number - (Comparenummbers:

yfitine giagle ofit—>Wq OIEECOCUNCLS

NG NG enes reconstructed E Sabexpecied

> Estimate main background (DY)

using kinematic information. » Estimate using M(Ib) kinematics » Measure b-tag efficiency

: . with di-jet sample
. » Categorize according to 0, 1 or :

> Estimate the signal strength via : .
2 selected jets from top quark > Count b-tags

a profile likelihood method

» Compare with data-drive

> Constrain tW/tt ratio from simulation - .
probability functions

Mohsen Naseri LHCP, 2016



b flavor content, width and V

How many t — Wq — lvj are correctly reconstructed?

The number of selected jets from top-quark decays is derived from the lepton-jet invariant-mass
(Mj;) distribution.

CMS, \s=8TeV, [ Ldt=19.7 ib"

., 0.1 CMS simulation, \s =8 Tev @ en + 2-jet events
’é - _ 9 800— ® Data
o - D correct pairs
o 0141~ 4 |:|correct pairs
Q B I:l misassigned pairs ‘o B ) ) )
& 0120 Q. Dmlsassgned pairs
g I Jabobian peak 1§ distinct D, 600 > |
o . c S
- oif for correct pairing. S 5 o ) ,
¥ | = 5 | [¢ Miss-assigned
0.08] r—— —\m-m, ~ 153 GeV = 400 z°r ['{ pairs is subtracted.
B | "% 200
0.06 | : -0
- | Wrong or unmatched permutations leads 100
0.04— to distribution with a long tail 200 !
B LL a 200 400 800 800 1000
0.02— ‘I—\_LLH\‘—; ‘ Lepton-jet invariant mass [GeV]
05 — ' % 200 400 200" 500 " 7000
0 200 400 0 )
Lepton-jet invariant mass [GeV] Lepton-jet invariant mass [GeV]
Dilepton channel # jets data M et data/MC

2 0.28 £0.05 0.277£0.001 1.03 £0.19

ee 3  022+40.07 022340001 0.99+0.29

4 0194007 0.17540.001 1.09+0.43 Model lepton-jet mis-assignment

2  028+0.06 0.276+0.001 1.00=+0.21 with randomly rotated leptons
ot 3 0244006 0.227+0.001 1.05=+0.25

4  02040.07 0.181+0.001 1.08=+0.37

2 0.36+0.06 0.3577+0.0007 1.01+0.16 29
ey 3  026+0.05 0.2625+0.0007 1.00+0.18

4  02140.06 0.2047+0.0008 1.00=+0.27 %
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b flavor content, width and V

N\ /e

N

PICI51736/(2014)133

£+ o+
\ AN \ "
(signal like) (single top like) (background like)
¢ The expected b-tagged jet multiplicity modeled as NS, =6 ToV, L 1= 107 15°
. . . . g 1o :_ o avarls : 1t avars : Zisis  auevenls

a function of R and tagging efficiencies. N Y . .

- O : :

: 2000 = []8ingle top quark :

Example : two jets fromt - Wq C Ozt :

] B [ | Jjets
79 2 9 - _ B vultiels, ather : ) :
P2j,2t,2d =R &, + 2R(1 — R)sbsq + (1 — R) q 4000 ;—2'”‘ | : '
i e ” djets 4l
g, = b-jet tag efficiency ; ¢, = light flavor tag efficiency 200 R - I e
ﬂ‘fEﬂ-ﬂﬂHEﬂﬂlﬂ 1234012340123 4012340123401234012134
. e e : . b-tagged jet multipl
¢ Fitting the observed b-tagged jet distribution with a __- . tagged jet multplily
parametric model, ‘x' g ' .
. g
mp extracted from a fit to 36 event categories O gt I-\}}\ =

Quantity of interest

v
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b flavor content, Wldth and V,

wY)

oy i

oy :

o £ :
P B

1 : C H
040608 1 12141618 2 22

+0.032

1 1.014°2232 OMSPLB 736 (2014) 33

I1: 0.87:0.07 CDFPRL 112221801 (2014)

+0.09

1j: 0 94 CDF PRD 87, 111101 (2014)

1j: 0957

00 D@ PRL107, 121802 (2011)
11: 08655

+0.09

lj: 0 97 D@ PRL 100, 192003 (2008)

+0.19

Ij: 103 D@ PLB 639, 616 (2006)

+031
Ij: 1.02%7)

+0.49
I: 141500

CDF PRL 95, 102002 (2005)

1j+11: 0947 \CDF PRL 86, 3233 (2001)

R=B(t— Wb)/B(t— Wq) 95% CL

leading systematic uncertainty:

V| = 1.007 £ 0.016(stat+syst)

\|th| constrained <1 @ 95% CL 0.975

&b unconstrained 1.014 + 0.003(stat.) &= 0.032(sys’&

b-tagging efficiency measurement — 2.4%

R, constrained <1 @ 95% CL 0.955

J

Most precise direct measurement ot [V, |

4

CMS, \s=8TeV, [ Ldt=19.7 fb"
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‘_? o5l > 25000;- —o—|—'_ - , ;
T\ o
N 16000F A
2 _—\\ 10000—® ; / —_
- \ 5000 _ _ // .
i \ cIIE . , | ] / ]
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L \ b-tagged jet multiplicity f 1
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- R N ee _]
- \\ —— ]
- \, o ]
0.5 \e, |
i N, /e ]
UI_ [ R B |T"‘*r..a_. o A B N
0.94 096 0.98 1 1.02 1.04 1.06 1.08
R=B(t— Wb)/B(t— WQq)

Combine R=B(t—Wb) with single top t-channel

cross section measurement @ 7TeV

— 9.2%

Gexp

leading systematic uncertainties:

T, o= 1.36 = 0.02(stat) +0.14/-0.11 (syst) GeV

\b-tagging efficiency measurement — 4.3%
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7 TeV o, Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP 12, 035 (2012)
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FCNC theoretical predictions
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t — Zq(q =1u, c) in tt

A~ 350 T T T T I T T T T | T i T | T T | | T T T T

m@g\\ % [ CMS]\s=8TeV,. I
— N S [L,=19.7fb? a
+ 3 isolated leptons(e,u) 2300 z -
¢+ >2 jets, only one b-tag E; £ y q ,/J‘/\\’L i
+ Missing energy and mass 250i . 0004 ko
. ‘ EE i o i

(_ Cuts on my, and myy, ) _:Q\ . "
_ . 200 e » One event ]

¢ Main backgrounds: di-boson, DY i H : 6o _

tt  tt+V : P e :

+ Data driven BKG estimation via 1502 ‘ § . —'

b-tag bins information (0:Diboson, L .

1: FCNC signal, 2: t1+X) [ i

| | | | | 1 | | | | | | 1 | | | | | 1 | | | | |
@ts - /%0 150 200 250 300 350
\ m; (GeV)

95% limit

8 TeV 0.06% 0.10% 0.13% 0.06%

7+8TeV  0.06%  0.09% 0.13% 0.05%

alilli

Main sys.: b-tagging, renormalizaton/factorizaton. scale, PDF
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° CMS Prellmlnary s 8 TeV IL 19 8 fb d
r r — SO0 TR R LS e L .

e CMS-PAS-TOP-14-020 & 5°°- R
(&~ t— Hq— bbqand t > Wb — Ivb = ';.'.é‘fh’;::ks_“:
- t — cH sig.
One isolated lepton and >= 4 jets (with >= 3 b-jets) 4005 i :
300F i
B(t » Hc) < 1.16 % (0.89%) for obs.(exp.) at 95% CL zoz_ i :
B(t » Hu) < 1.92 % (0.85%) for obs.(exp.)at 95% CL i :_rj -

83 04 05 06 07.08 09 .1
Neural network response

CMS-PAS-TOP-14-019 ;o e
(g~ t— Hq —yyqand t > Wb — Ivb or qqb R | Pretiminary -observed |
= s -vv--fﬁpected ==
Two high energetic photons: = = i ‘Dze ]
Leptonic channel: one lepton and >= 2 jets (one b-jet) R G 1
Hadronic channel: >= 4jets (one b-jet), m (W) and top mass cuts. B e E
A)‘j/ t=He¢e ™™ e
B(t — Hc) <0.47 % (0.71%) for obs.(exp.)at 95% CL .

B(t — Hu) < 0.42 % (0.65%) for obs.(exp.) at 95% CL 10° |

CHPER GO USO8 (RN e o)
B (t — cH) [%]

CMS-PAS-TOP-13-017 = T R INGR IR e e s
&S 18 CMsS Bl AlC -
< et I Non-prompt
t— Hc — Zzc, WWc or TTc and t - Wb — Ivb e . Wz s E
"qc_; 12 :_ - Rare _:
= E — He (BR = 3%) 4
o R =
8:— BG uncertainty
[ Selections: Same-sign di-lepton, trilepton ] R

500 600
H, [GeV]

Combined: B(t — Hc) < 0.93 %(0.89%) for obs.(exp.) at 95% CL
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