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+ Some recent highlights of the General Purpose Detector heavy
flavour programme are shown here:

* Angular analysis results on By — K~ ,u+,u_ (from ATLASY).
» Total and differential o(B*) at 13 TeV;

» CP violation in b decays using top quark pairs;

* Measurement of Ay polarisation for Ay, — A(pr™)J/w(u™ ™).

* See the following pages for a comprehensive listing of results:

GATLAS https: / / twiki.cern.ch / twiki /bin /view / AtlasPublic / BPhysPublicResults

EXPERIMENT

https: / /twiki.cern.ch / twiki/bin / view / CMSPublic / PhysicsResultsBPH#CMS_B_Physics_Results

* See the next talk from CMS for the most recent update from that experiment and the backup slides for the CMS 2015 result.
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Angular analysis results on By — K*u™ pu~

Flavour Changing Neutral Current Decay° sensitive to New Physics.
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L

T, /'”": \ » xBx%\
\ % \\m\_\\ A

Several ways to represent the amplitudes of these decays;
CMS reported results using a “traditional” basis of parameters.

ATLAS report results using the “new” basis (a la Belle/ LHCD).
Angular distribution is analysed in finite bins of the di-muon

invariant mass squared (g?) as a function of 01, Ok and ¢.

LHCb report a 3.40 deviation from the Standard Model (SM) in their
paper.
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Angular analysis results on By — K*pu ™ SAILAS

# The angular distribution is given by:

: d'T 30U~ F) sin® Ok + Fy cos’ 6 L-F
dT'/dq? d cos O¢d cos O dpdg? 327r 4 K+ IL K+ 4
-Fr, cos? Ok cos20¢ + S3 sin” @ K sin’ B¢ cos 2¢p + S4 sin 20k sin 20, cos ¢

+S858in 20k sin O, cos ¢ + Sg sin O cos 0,

sin’ @ K COS 20,

+87 sin 20k sin B¢ sin ¢ + Sg sin 20 g sin 20, sin ¢

+3S9 sin’ Ok sin’ B¢ sin 2¢] . 4)

* ATLAS use trigonometric relations to reduce the problem into 4
sets of fits for three parameters (Fr, Sz and S;) for each g bin.
* The S parameters are translated into P) parameter via

253

S457.8
= A e
e s 1568 e

# The PUs are theoretically cleaner parameters.




ATLAS-CONF-2017-023

Angular analysis results on By — K*u"u~ SAILAS

EXPERIMENT

/7

“ Fit mgnuu, cosOL, cosOk and ¢ to isolate signal and extract
parameters of interest.

> T ' T T 1 B T y T y - KX 4
2 4o ATLAS (s=8Tev,203%™| & ATLAS (s=8TeV,203fb" 20.3 tb! of 8 TeV pp
8 Preliminary 1 3 Preliminary - collision data.
£ 30 — §
z g* €[0.04,2.01GeV> | G + |
20 i H g # * Analyse g2 in [0.04, 6.0].
L |
- oA AN S e
S S S l&#* """"""""""" = Data shown for [0.04,
0 | L [ L LT CT P 0 ) ] L l L |
5200 5400 5600 5 1 2 3 : : C g
e (MeV] . 2.0] with fit projections
2 T T T . 3 T T T T T T T T fOI' the S4 ﬁt.
S ATLAS (s=8TeV,20.3fb" S Lo ATLAS (s=8TeV,20.3fb" |
2 5 Preliminary 2 Preliminary
& & + — Gmapae | Approx 106-128 signal
i il 20 Background p.d.f. — &
H events / 2 GeV? @2 bin.
10
................................. 1077 e N
++ + """ + e +++ 4+, | ¢ Similar results obtained
%3 05 0 05 1 Y S T B a— for the other q2 bins and
cos 0, cos 6,

other fit variants.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-023/
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Angular analysis results on By — K*u™ pu~

* Results obtained are generally statistics limited:

@AMAQ

EXPERIMENT

q° [GeV?]

Fr,

S3

S4

Ss

S7

AYS

[0.04,2.0]
[2.0,4.0]
[4.0,6.0]

0.44 +0.08 + 0.07
0.64 +0.11 £ 0.05
0.42+0.13+£0.12

—-0.02 £ 0.09 £ 0.02
—-0.15+£0.10 £ 0.07
0.00 £0.12 £ 0.07

0.19+0.25 +£0.10
-0.47 £0.19+0.10
0.40 £ 0.21 £ 0.09

0.33+0.13 £ 0.06
—0.16 +£ 0.15 £ 0.05
0.13+0.18 + 0.07

—-0.09+0.10+0.02
0.15+0.14 £ 0.09
0.03+£0.13+0.07

-0.11 +£0.19 + 0.07

041 £0.16 £0.15

—-0.09 £0.16 + 0.04

[0.04, 4.0]
[1.1,6.0]
[0.04, 6.0]

0.52 £0.07 £ 0.06
0.56 £0.07 £ 0.06
0.50 £0.06 +£ 0.04

—-0.05 £ 0.06 + 0.04
—-0.04 £ 0.07 £ 0.03
—-0.04 £0.06 +0.03

-0.19 £ 0.16 £ 0.09
0.03 £0.14 £ 0.07
0.03 £0.13 £0.07

0.16 £ 0.10 £ 0.04
0.00 +£0.10 £ 0.03
0.14 £ 0.09 £ 0.03

0.01 +0.08 +£0.05
0.02 £ 0.08 + 0.06
0.02 +£0.07 £ 0.05

0.15+0.13+0.10
0.09 +£0.11 + 0.08
0.05 £0.10 £ 0.07

q* [GeV?]

P

P

Ps

P

Py

[0.04, 2.0]
[2.0,4.0]
[4.0,6.0]

—-0.06 £0.30 £0.10
—-0.78 £0.51 £ 0.42
0.00 £0.47 £0.26

0.39+0.51 £0.25
—-0.96 + 0.39 £ 0.26
0.81 +£0.42 +£0.24

0.67 £0.26 £ 0.16
-0.33+0.31+0.13
0.26 £ 0.35+0.17

-0.18 £0.21 + 0.04
0.31 +£0.28£0.19
0.06 +£0.27 £ 0.13

-0.22 +0.38 +0.14
0.84 +£0.32 £ 0.31
-0.19 £0.33 £ 0.07

[0.04, 4.0]
[1.1,6.0]
[0.04, 6.0]

-0.22 £+0.26 £ 0.16
-0.17+£0.31 £0.14
-0.15+0.23 £0.10

-0.38 £ 0.31 £ 0.22
0.07+0.28 £ 0.18
0.07£0.26 £ 0.18

0.32+0.21 +£0.10
0.01 £0.21 £ 0.07
0.27 £0.19 + 0.07

0.01 £0.17+0.10
0.03+£0.17+0.11
0.03+£0.15+0.10

0.30 £0.26 £0.19
0.18+0.22 £0.16
0.11+0.21 £0.14

* Main systematic uncertainties come from treatment of
backgrounds: partially reconstructed decays with charm and
combinatoric K7t (fake K¥).

“ S-wave contributions result in a small systematic error.
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ATLAS-CONF-2017-023

Angular analysis results on By — K*pu ™ SAILAS

+ Results are compatible with theoretical calculations & fits:

2 18— T T 1 T T T T ] - F™ ~ 1 ' "~ T 1 T " T T T T T T T T ] - 1 L B R B R
© | gL ATLAS Vs=8 TeV, 20.3 b ] ©  2-ATLAS is=8TeV, 20.3 fb' - 0. 25 ATLAS /s=8 TeV, 20.3 fb™'
~F Preliminary -e- Data ] 1.5 Preliminary - Data = 1.5F Preliminary - Data =
14 CFFMPSV fit - £ E he E
100 theory DHMV = g theory DHMV g g theory DHMV g
1i theory JC E 0.5 theory JC E 0.5 theory JC E
- : = = O =
0.8 = : _+_' | E g E
o ] -0.5 — -0.5 —
0.6] '—+—' = ; E g E
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0-4}_*_. + - - 3 C ]
i ] -1.5 — -1.5 —
0.2 — o . o .
0:‘ A R RS BN R S 2 e 2F ey

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
q? [GeV?] q? [GeV?] q? [GeV?]
_© I R T T T T T T ] _© T 1 T T 1 T T T T T T ] _© T L B R B R
0. 2-ATLAS Vs= 8 TeV, 20.3 fb™' 0. 2-ATLAS Vs=8 TeV, 20.3 fb' o 2-ATLAS Vs=8 TeV, 20.3 fb'
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o = ot l + — o ‘ —
05 l E -0.51 = ~0.5F =

_1:— = —1:— - —1:_ 1
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Q? [GeV?] 92 [GeV?] Q2 [GeV?]

CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116; arXiv:1611.04338.
DMVH: Decotes-Genon et al.; JHEP 01 (2013) 048; JHEP 05 (2013) 137; JHEP 12 (2014) 125.
J&: Jager-Camalich; JHEP 05 (2013) 043; Phys. Rev. D93 (2016) 014028.
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Angular analysis results on By — K*u™ pu~

# Results are compatible with theoretical calculations & fits:

| 1_87 T T T ‘ T T T ‘ T T T ‘ T T T I T ]
© | gL ATLAS (s=8TeV,20.3 fb™ -
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CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116; arXiv:1611.04338.
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Decotes-Genon et al.; JHEP 01 (2013) 048; JHEP 05 (2013) 137; JHEP 12 (2014) 125.
Jager-Camalich; JHEP 05 (2013) 043; Phys. Rev. D93 (2016) 014028.
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Total and differential o(B7) at 13 TeV s

+ Test of QCD; comparison with Pythia and FONLL calculations.
+ Uses 49.4tb-! 13TeV pp collision data.
+ Basedon pp — BT X — J/Y KT X, where J/vy — ptpu~

CMS 49 4 pb (1 3 TeV)
2 600F @ s czavosi<et 4« Gystematic uncertainties dominated by likelihood fit
O : + Data : o . . ° ° . o
S S00F — fodianes E model, B* kinematic distribution and estimation of u
L2 400 [l oo on:) mZorla I zc roun . : o 1 :
g e i identification and reconstruction.
300 N B B — J/y + hadrons background
200 = , Relati
i - Systematic sources uncertea;gees (%)
100 - ¢
SRERG ‘ R Muon trigger, identification, 6.0-13.7
0551 52 53 54 55 56 57 58 59 6 and reconstruction e
My - [GeV] Detector alignment L)
> ?M.s.’ — N 49.4 '.Ob. {13 .T.e.\{f BT vertex reconstruction 14
S 2501~ ®) 105, <100 GeVi04 < <06 E Size of simulated samples 0.5-3.9
o N ¢ Data S £
N ook — Fitto all entries . Track reconstruction efficiency 3:9
3 | o odvKCaal B* — J/¥(— uTu~ )K" branching fraction 34
E 150 — " s Lji::aba::girs:g E Model in likelihood fits 1.0-6.4
S B I B — J/y + hadrons background - Bin-to-bin migration 0.4-3.7
100; E B kinematic distributions 0.4-10.6
50F Parton distribution functions 0.1-0.7
- BT lifetime 0.3
Ot 55 53 54 55 56 57 5 8 59 6 Total (excluding the integrated luminosity) 9.1-15.6
Myy k- [GeV] Integrated luminosity 2%

arXiv:1609.00873 (submitted to PLB)



https://arxiv.org/abs/1609.00873

Total and differential o(5F7) at 13 TeV s

o
%

*

Agreement between data and Pythia/ FONNL Monte Carlo.

CMS 49.4 pb (13 TeV) CMS 49.4 pb (13 TeV)
= 10 = — 1 T 1 T = o) 10 S L ] -
[0)) R —f— Data (13 TeV, |y®|<1.45) (@) - = = b)
O - Xx# —%— Data (13 TeV, |y® ] - o i : (b) 1
< R , |y~ l<2.1) -] >
S N FONLL (13 TeV) _ 2 - | 7 | =
'—'|_ = %? PYTHIA (13 TeV) = f< - I n
o u S\ —&¢— Data (7 TeV, scaled to |y®|<1.45)  _ m B |
g 1 B j\a@ —¢— Data (7 TeV, scaled to |y®|<2.1) 7 0 M\w
< 107 ] WA FONLL (7 TeV) E o
b — '&\'_-_ = === PYTHIA (7 TeV) - o 1 :_ —— Data (13 TeV, p 5510 GeV) _:
T B i \\5 - —f— Data (13 TeV, p_ >17 GeV) —Eii— -

o —— N O B FONLL (13 TeV) ]

% 10 = 5 = PYTHIA (13 Tev) o o e =

© — . 3 ~ —— Data (7 TeV, scaled to p ®>10 GeV) 7

O B —+— N | —$— Data (7 TeV, scaled to p_ >17 GeV) _
107° —= \\\\\\\ FONLL (7 TeV)

~ : - L = PYTHIA (7 TeV)

I — — —_— — 10 P U RIS R B ey
j : + IIIII j IIIIII :
=z 2F — = 2 —
o . _F o) £ _+_—+— 4 |
w 1.5F — w 15F —+— + —EF— —
g e 1 g S -
= 0.5 = = 0.5 —
o b= . .. o b . .

+ Inclusive result: o = (14.9 &+ 0.4[stat.]

+ 0.2[syst.]

+ 0.4[lumi.|)ub

s of FONEE o (095 i and Dythiaz o — 17 21b.

arXiv:1609.00873 (submitted to PLB)
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https://arxiv.org/abs/1609.00873

Analysis follows the procedure outlined by O. Gedalia et al., Phys. Rev. Lett. 110 (2013) 232002.

CP violation in 4 decays using top quark pairs QATLAS

+ 20.3 tb'! of 8TeV data (pp collisions)

Same top - n) Different top "

Q|

ways for the b to
hadronise and then

q' decay. | Mo
+ Measure same and opposite sign lepton pairs to y F(b—5— £X)-T(5— b - £X)
compute mixing and direct CP asymmetries " T(b—b— 6+X)+T(b— b - €X)
from observed N**, N—, N*- and N+ rates: e T(b=b>X)-T(6— b cX)
N = N " r(bob—oex)+T(b—b—cX)
: “1: ++ —— +— —+ _
+ Mistag probability N N NN = I'(b—¢X)-T(b— ¢X)
is 21%: N+t [ 079 000 000 0.21 " T X)) +T (b £+X)
N7~ | 000 079 021 0.00 qee _TE=X)-T(c— 'X1)
N~ [ 000 021 079  0.00 WT@E— X)) +T(c— Xp)’
N7t | 021 000 000 0.79 o I'(b— cX)-T(b— cXy)
dir ~

J. High Energ. Phys. (2017) 2017: 7 - I'(b— cX1) +T (b - Xz)



CP violation in 4 decays using top quark pairs §ATLAS

Hard lepton from W-boson tags b quark via ¢t — bW+ — bfTv
Soft muon (SMT algorithm®) from b — X uv probes the decay chain.
Require 2 leptons in an event:

Same sign leptons: Opposite sign leptons:
t—> 0Ty (b—b) -t X, t—tvb >4 X,
t—> 0ty (b—c) o LTIt X, t> LTy (b>b—oc) >0 X,
t—+0"v (b—=b—ce) = L0 X, t >0ty (b—ce) =0t X,

Use standard top reconstruction for a tt £ + jets event.
Require a displaced vertex (b candidate) tagged with SMT algorithm.
Fully reconstruct ¢ candidate with KLFitter®.

- N(b - &) __ N _NT Pb—>t)-P(b— ¢ Pb—-t)-P(b—t*
P(b_)f)—N(b—)f‘)+N(b—)f+)_N+_+N++—N+’ ASS = ( - ) (__) ), A% = ( - ) (__) ),
o P(b—t*)+P(b— ¢) P(b— €)+P(b— t¥)
-y N(b—t) N~ N
P(b_)f )_N(Eef‘)+N(E—>€+)_N"'*‘N_+ - N
by NGoE)  NT - AS = rpAPL + 1o (AR - AT ) + s (AL, — AT
( = NGO INGS ) NN - N
R N(b— ) Nt N* A% =TpAg;, +Te (Aﬁfix+AS§) + TcA Gy
P(o- )_N(E—>e-)+N(E—>e+)_N“+N‘*_ N

The r’s are decay rate fractions in fiducial region

J. High Energ. Phys. (2017) 2017: 7; *see JINST 11 (2016) P0O4008 for details of the SMT algorithm; #see Nucl. Instrum. Meth. A 748
(2014) 18-25 for the Kinematic Likelihood fitter description. 12



CP violation in 4 decays using top quark pairs §AILAS

> 7 o : e+jets u+jets
Ol le=BToV, 203" WW,WZ ,WW 50 +7 45 +£5

= 40002— \ Data é Z+jets 800 4 80 450 £ 60
P b S Multijet 1800 41400 | 1500 = 330
-é 2ooo§— E‘é";ﬁ‘;(g_ E Single top 1 800 = 150 2 000 4 150
5 o0 W/ Uncertainty - W+ijets 2 500 =+ 160 2 800 =+ 150
oo . tt 30 000 =+ 1900 | 34 000 = 2 000
S Expected 37000 =+ 2600 | 41 000 =+ 2 300
§ B B Data 36 796 40 807

* Good agreement between observed and expected yields.

Data (1072) ~ MC (1072) | Existing limits (20) (1072) SM prediction (10~?2)
A= | =07 £08 005 £0.23 - <1072 19]
Acs 04 £05 —0.03 £0.13 - <1072 19]
AbL | 25 £28 0.2 0.7 < 0.1 [95] <1073 96] [95]
A% 0.5 405 —0.03 =40.14 <1.2 94] <107 [19] [94]
Ast 1.0 £1.0 -0.06 =40.25 < 6.0 94] < 107° [19] [94]
A% | =10 £1.1  0.07 +£0.29 - <1077 7]

*  Competitive results (0~%-level) obtained for mixing and direct CP

fw Existing constraints/SM predictions from:
| [19] O. Gedalia et al., Phys. Rev. Lett. 110 (2013) 232002,
[94] Decotes-Genon et al., Phys. Rev. D 87 (2015).
[95] HFAG, arXiv:1412.7515.
[97] S. Bar-Shalom et al., Phys. Lett. B 694 (2011) 374-379 |

asymmetries through this measurement
*  Also measured A%g;.

J. High Energ. Phys. (2017) 2017: 7 13




CMS PAS BPH-15-002

CMS

Measurement of /A4 polarisation

+ Provide a test of QCD relating to the underlying parity
violation and polarisation determination for the decay
Ap — Apm ™) J/p(ur ™).
« HQET: large part of transverse b quark polarisation retained
after hadronisation to a A.
* At the LHC we have production via hadronisation from pp
collision and via decay of heavier particles.

10 (08,6,,0,) / [ (080,80, 05,04) dy Ap — Apr ™) T (ut ™)

~ Zm | Tes 1| Too % | T—o % | T—— %) ci (P, &) fi (Ba, 67, 84) 2
i=1
bp

Y1

Op

T

The Ty are helicity amplitudes, indices refer
to the A and ]/, respectively. Ty

ai: Parity violating asymmetry for the Ay decay.
a2: Longitudinal polarisation of A

vo: the longitudinal / transverse composition of the /1.
14




CMS PAS BPH-15-002

CMS

Measurement of /A4 polarisation

+ Provide a test of QCD relating to the underlying parity
violation and polarisation determination for the decay

Ap = A(pr™)J/b(pT ™).

« HQET: large part of transverse b quark polarisation retained
after hadronisation to a A.

X/

* At the LHC we have production via hadronisation from pp
collision and via decay of heavier particles.

dr T dT ] : - :
cﬁs(eA 10p,0) = / / 9A Op, Oy, Pp, Pu) dppddy 21 ’171 il {'
2 w QA cos 6
~ l_);m (| =+ |2'| Teo | T-o %, T—- %) ci (P,a) fi (02,65, 84) 4 —ay P cos 95\
4 —(1+2v)/3 apP cosbpcosb,
5 /2 1 (3C0829y—1) /2
The Tav are helicity amplitudes, indices refer 6 (a1 —a2)/4 aa  cos6y (3cos?6, —1) /2
. 7 (@¢q—3ap)/4 P cos B (3cos? 6, — 1) /2
to the A and ]/, respectively. 8 (10—4)/6  anP cosOpcosf, (3cos2f, —1) /2

ai: Parity violating asymmetry for the Ay decay.

az: Longitudinal polarisation of A aa: Parity violating asymmetry for the A decay.

vo: the longitudinal / transverse composition of the J/i).  P: Polarisation
D



CMS PAS BPH-15-002

. . CMS
Measurement of /A4 polarisation
« Similar plots obtained for Ay . P = 0.00+0.06(stat) + 0.02(syst),
- L (STeV) ¢ 520 TTeV) e ) A S (T ap =012+ OJB(Stat) + 0.06(Sy5t)’
3 350 S 800} CcMS - oy = —0.93 £ 0.04(stat) + 0.04(syst),
o~ 300 = 700: Preliminary _
S 250 § cool Yo = —0.46 £ 0.07(stat) £ 0.04(syst),
£ 200 x » Consistent with no polarisation.
i 189 300t » No evidence for P violation in the Ay decay:.
100 zmi
Tprrt” N5 100 N T_o|* = 0.51 £ 0.03(stat) & 0.02(syst),
O"=558 56 562 564 566 01080604020 02040608 1

m(JAp A)[GeV] cos8, I Tyo|* = —0.02 & 0.03(stat) & 0.02(syst),

19.7 o' (8TeV) + 5.2 fb ' (7TeV) 19.7 b (BTeV) + 5.2 b (7TeV)
e e

e B et e | T__|> = 0.46 & 0.02(stat) & 0.02(syst),

LLELE LA LA BLAL AL |

o 500f g :
3 400} 3| T, |? = 0.05 = 0.04(stat) = 0.02(syst).

()
Y78

+ Results obtained are compatible with the
P~10% expectation from pQCD calculations
of Gutsche et. al., Phys. Rev. D 88 (2013)
114018.

- CMS

[ Preliminary

n
3

—
|

gl gy PR "
s

AP PP PPTY PPTY PPOY PPTY PTeY TOTY Pee Peth
-1-0.8-0.6-0402 0 02040608 1 -1-0.80604020 02040608 1
cos8, coso

o
T™rrr ™

o

#» HQET computation of Ajaltouni et al., Phys.

Lett. B614 (2005) 165-173 has an expectation

of P~20%; Disfavoured by this result.
16



CMS
GATLAS Summary

» ATLAS and CMS continue to produce interesting results on heavy
flavour physics.

+ Latest result on By — K*u ™ from ATLAS shown; no evidence for
New Physics.

+ Total and differential production o(B") at 13 TeV from CMS in
agreement with QCD calculation.

+ Competitive results obtained for direct and mixing CP violation in b
decay, using top pairs as a source of HF published by ATLAS.

* Measurement of A; polarisation from CMS presented; data
consistent with no polarisation.

+ More to come from the Run 2 data.
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ATLAS-CONF-2017-023

Event Selection: B; — K*uTu~  GAILAS

Tracks:
Pt (u/h) > 3500 / 500 MeV; where h = K, .
igic= 25
Di-muon system:
Use muons constructed from ID and MC CP information.
x? < 10 for the uu vertex.
Kt system:
mkr = [846, 946].
Pr(K*) > 3000 MeV.
Event level selection:

Primary Vertex chosen as that which minimises z distance relative to the Bgq 3-vector when
extrapolated back to the beam axis.
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ATLAS-CONF-2017-023

Event Selection: B; — K*utp~  QAILAS

EXPERIMENT

B system:
x2 < 2 for the B; vertex.
Mk = [5150, 5700].
AT 27D

cosO > 0.999 (flight direction cut on the 3D pointing angle between reconstructed B
direction of flight and its momentum vector).

| M(Brec)-m(Bppc)+m(utirec)-m(J/rpc) | <130 MeV to suppress radiative charmonium
decays.

Candidates for fitting: 15% of selected events have more than one candidate per event:

The lack of a hadronic charged particle ID system means that K*r— and K—n*
combinations can pass the selection (in addition to combinatoric mis-reconstructed signal).

Two stage candidate selection:
Select candidate with the lowest ¥2(Bq4) [4% of events].

Select the candidate with the best K* mass significance for mx~ [96% of events].
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ATLAS-CONF-2017-023

Angular analysis results on By — K*pu ™ SAILAS

* Dominant systematic uncertainties come from background
content (partially reconstructed decays with D mesons and
combinatoric K7t events) and p.d.f. shape.

“ S-wave is a small contribution.

Source FL S3 S4 S5 S7 Sg

Combinatoric K (fake K*) background | 0.03 0.03 0.05 0.03 0.06 0.13

D and B* veto 0.11 0.04 0.05 0.03 0.01 0.05 Systematic uncertainties
Background p.d.f. shape 0.04 0.04 0.03 0.02 0.03 0.01 are translated from S to P
Acceptance function 0.01 0.01 0.07 0.01 0.01 0.01 parameters using;
Partially reconstructed decay background | 0.03 0.05 0.02 0.06 0.05 0.05

Alignment and B field calibration 0.02 0.04 005 0.03 0.04 0.03 25 3

Fit bias 0.01 0.01 0.2 0.02 001 0.04 L — e
Data/MC differences for pr 0.02 0.02 001 0.01 0.01 0.01

S-wave 0.01 0.01 0.01 0.01 001 0.02 / o Dian
Nuisance parameters 0.01 0.01 0.01 001 0.01 0.01 S o vV Fr(1— Fyp)
Ap, BT and B, background 0.01 0.01 0.01 0.01 0.01 0.01

Misreconstructed signal 0.01 0.01 0.01 0.01 0.01 o0.01

Dilution — — 0.01 0.01 — —
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See CMS talk (after this one) for an update on this channel.

Angular analysis results on By — K*u™ pu~

CMS

* The angular distribution is given by:

1
T dcos b dcos6;dg? 16

d’T 9 2
3

[FS + Ag cos BK] (1— cos?6;)

+ (1 - Fs) [2F. cos? O (1 — cos?6))

—

+ - (1—R) (1—cos*6k) (1+ cos®6)

=N

3

+ = Agp (1 — cos? fk) cos 91] } .

Signal parameters:
Fr: Fraction of longitudinally polarised events.
Arp: Forward-backward asymmetry.

Scalar Kmtuy parameters:
Fs: Fraction of Scalar (S-wave) (<0.03).

As: Interference amplitude between S and P wave
[-0.3, 0.3].

« Results compatible with theory calculations.
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https://arxiv.org/abs/1507.08126

Analysis follows the procedure outlined by O. Gedalia et al., Phys. Rev. Lett. 110 (2013) 232002.

CP violation in 4 decays using top quark pairs QATLAS

20.3 fb! of 8TeV data (pp collisions)
Same top L k) Different top I*

Q|

Q|

ways for the b to
hadronise and then
decay.

Same top:
’ W"I' ey ok U tags the b quark as a Q at the point of the top decay.
« W™ — £7 U tags the b quark as a b at the point of the anti-top decay.

Ditferent top: -
e tags the b quark as a b at the point of the anti-top decay.
s W=7 S 1= tags the b quark as a b at the point of the top decay.

J. High Energ. Phys. (2017) 2017: 7 )



Same top data: e+jets
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CP violation in 4/ decays using top quark pairs SQATLAS

Same-top like
Charge asymmetry input
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CP violation in & decays using top quark pairs

O

*  Measure yields for Ni, where i, j = +, -.
* Relation between quark decay and observed events is:

¥

ATLAS

EXPERIMENT

— _ _ — L N(b—)f+) 3 N++ 3 N++
Ass=P(b_)€+)_P(b_)€), Aos:P(bﬁf)—P(b—)f"'), P(b—)t])_N(baf")+N(b—>€+)_N+"+N++_N*’
P(b—t)+P(b—t) P(b— t)+P(b— ) ) N ) _ _
P(b—¢)= __N _N
(N++ N“) (N+- N-+) NB—e)+N{pB—e) NT+NT N7
_\N* N _\N* N N N - €) _ N* _N*
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; NG ) tNB o) N-+N= N
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CP violation in 4 decays using top quark pairs SAILAS

“ Systematic uncertainty contributions not dominant:

AL (1077) | A% (1007 A (107) Ak, (10?)
Measured value —2.5 0.5 0.9 —1.0
Statistical uncertainty + 2.1 + 0.4 + 0.7 + 0.8
Sources of experimental uncertainty
Lepton charge misidentification +0.008 -0.007 | +0.001 -0.002 +0.002 —-0.003 +0.003 —0.003
Lepton energy resolution +0.33 —0.39 +0.07  -0.06 +0.14 -0.12 +0.13 —0.15
Lepton trigger, reco, identification +0.016 —-0.015 | +0.003 —0.003 +0.005 —0.006 +0.006 —0.006
Jet energy scale +0.4 —-0.5 +0.09 -0.07 +0.17 —-0.13  +0.15 —0.19
Jet energy resolution +0.07  -0.07 | +0.011 -0.011 +40.024 —-0.024 +0.027 —0.027
Jet reco efficiency +0.034 -0.034 | +0.006 —-0.006 +0.012 -0.012 +0.014 -0.014
Jet vertex fraction +0.33 —0.33 +0.06 —0.06 +0.12 —0.12 +0.13 —0.13
Fake lepton estimate +0.18 —-0.19 +0.029 -0.029 +0.07 —-0.07 +40.07  —0.08
Background normalisation +0.008 —0.009 | +0.001 —-0.001 +40.003 —0.003 +0.003 —0.003
W +jets estimate (statistical) +0.009  —0.008 | +0.002 —0.002 +0.003 —0.003 +0.004 —0.003
Single-top production asymmetry +0.06 —0.01 +0.002 —-0.011 +40.002 —0.020 +0.022 —0.003
b-tagging efficiency +0.028 —-0.028 | +0.005 —-0.005 +0.010 -0.010 +0.011 -0.011
c-jet mistag rate +0.07 —0.07 +0.015 -=0.015 +40.025 —-0.026 +40.029 —0.027
Light-jet mistag rate +0.08 -0.08 | +0.014 -0.014 +0.028 —-0.028 +0.031 —0.032
SMT reco identification +0.013 -0.012 | +0.004 —-0.004 +0.004 —-0.005 +0.005 —0.005
SMT momentum imbalance +0.21 —0.22 +0.04 —0.04  +0.08 —0.08 +0.09 —0.09
SMT light-jet mistag rate +0.035 —-0.031 | +0.005 —-0.006 +0.011 -0.012 +0.014 -—0.012
Sources of modelling uncertainty
Hadron-to-muon branching ratio +0.25 —0.36 4+0.023 —0.020 +40.06 —0.05  +40.04 —0.04
b-hadron production fractions +0.031 —-0.021 | +0.004 —-0.010 +40.013 —0.020 +0.022 —-0.015
Additional radiation +1.4 +0.26 +0.6 +0.6
MC generator +0.17 +0.029 +0.07 +0.08
Parton shower +0.08 +0.021 +0.06 +0.07
Parton distribution function +0.8 +0.15 +0.29 +0.32
Total experimental uncertainty +0.7 —-0.8 +0.14 —0.12 +0.27  -0.24 +0.27 —-0.31
Total modelling uncertainty +1.6 —-1.7 +0.30 —-0.30 +0.6 —0.6 +0.7 —-0.7
Total systematic uncertainty +1.8 —-1.8 +0.34 —0.33 +0.7 —-0.6 +0.7 —-0.7
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25




CMS PAS BPH-15-002

A4 polarisation measurement QATLAS

eamx
+ Polarisation is the mean value of the spin along 1 (|Z - 2b|)
eam b

where the bean vector is in the counterclockwise direction
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