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Charmonia
® FCNC sensitive to new physics > B(b — s£1¢ ™) &« 107° JR(S) ("
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threshold
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® Anqgular analyses are interesting since: Photon pole

o T~ ;
1. they allow us to test form factor (FF) predictions % %

2

2. extract limits on Wilson coefficients C; 4mj



MOITIVATION

‘ Charmonia

® FCNC sensitive to new physics > B(b — s£1¢ ™) &« 107° «WUSL//

e For 9B extremely difficult to disentangle Wilson coefficients C] i OV b(29)
dg2
T C'g/)cé/)

® Angular analyses are interesting since: hoton pole interference

T~

/ /
CY ang C1)
Long distance

contributions from CC

above open charm
threshold

1. they allow us to test form factor (FF) predictions

2. extract limits on Wilson coefficients C]

dl’ > . . .
— = Z | A, |~ with A, being transversity amplitudes
y

dg?
o A,(H(FF), C;) depend on Wilson coefficients and helicity amplitudes H,

— non-local FF contributions introduce g dependence



AjANGULARANALYSIS

e Most signal at high g?— focus of analysis
! I y Differential branching fraction Ag — Au"u-

® Analysis with electron and muon mode 16

1.4

® Only muon mode observed 19

— factor ~4 smaller yield for electron -
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https://arxiv.org/abs/1602.01399

A ANGULARANALYSIS

e Most signal at high g*— focus of analysis .
Ditferential branching fraction A, — Apu™p™

® Analysis with electron and muon mode s
1.4
® Only muon mode observed 12
— factor ~4 smaller yield for electron :Z
® Rich anqular structure due to subleading weak decay )
048
T — 1 0.2 ?f—f T
Ay = A= pr) 2707 oof——

q2 [G eV2] arXiv:1602.01399

® Using both lepton types enables
— independent LFU test: KZ.LFU = K.(u) — K.(e)

— to mostly remove charm loop contribution


https://arxiv.org/abs/1602.01399

® Assuming an unpolarised AO

® The full angular distribution is

1 81 d*T

iK(q L0, CoS ¥y, cosy) = 3 dqzdgpd cos ¥,d cos 19/1 ‘PLA
= | (Kiss sin® 9 + Kiee cos” 9y + K cos Uy) ‘,

+ (Kass sin® ¥y + Koee cos® ¥ + Ko, cos ) cos 19/1

+ (K35c Sin ¥y cos ¥y + K3 sinty) sin v sin ¢

T (K4sc SlIl ﬁe COS 19g + K43 sin ﬁg) sm 19/1 COS . ' v

— — = - —  —  — — — — E— —

o Coefficients K can be measured normalised 't

' - v
K.+ K. : K — K.
as CPeven s, = — "~ or CP asymmetries 4, = — &

’ dr di

dg2 | dg2 dg2 | dg2

o A, .and A, ..cannot be accessed via transformation of the angles

— needs flavour-tagged analysis (which is possible)



AJANGULARANALYSIS

e Likelihood fit analysis with LHCb dataset of 9 b~ tin high g bin

® Cut-based preselection and BDT to remove combinatorial

® Preselection selects only real A

o After full offline selection only combinatorial remaining



e Likelihood fit analysis with LHCh dataset of 9 b~ tin high g bin %
g ?IE';/
VELO [y
® Cut-based preselection and BDT to remove combinatorial Moo
LL track category S

® Preselection selects only real A

PV

o After full offline selection only combinatorial remaining *
e Hyperon decay /A — pzr within or outside of VELO DD track category @/@
— check, if splitting in track categories necessary N 0

VELO not to scale




CROSS-CHECKMASSFIT L

® Linear sum of two double sided Crystal Ball PDFs with shared mean
® Tail parameter as well as the fraction of the widths fixed to MC

® Background modelled with exponential

® Yields, BKG slope, mean and widths kept floating
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® | possible perform flavour-tagged angular analysis for muon mode

— extract CP even and odd angular coefficients

® | only combinatorial BKG, the total PDF is:

Jsig X PDF ;0 (8;, 8,5, 9)PDFo(m) + (1 — f;,) X PDF (8, 95, @)PDF 0 (m)

4
e Total PDF needs to be efficiency € corrected

PDFSig(&la 19/\’ qﬂ) — PDFsig(&la 19/\9 §0) X 6(19l9 19/\’ qﬂ)

— angqular acceptance accounts for detector eftects, reconstruction and selection eftects



CROSS-CHECK BKG ANGLE

® Testing if upper and lower BKG sidebands compatible

Lower

Upper

— allows to check if no physics BKG remained
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CROSS-CHECK BKGANGLESDD

No iant ife e e In sideba cato

as well as no unusual shapes indicating physics BKGs.



ANGULAR ACCEPTANCE

® Anqgular acceptance fits with Legendre polynomial

In Ag reement Wlthm 10

e

— supports to not splitin track categories
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® Produce the toys to study full PDF

— enables first sensitivity studies on the angular LFU test

® No splitting in track categories needead

— study if full 3D anqular fit can be accessed (flavour-tagged)

— study if same assumption holds for electrons

® Stay tuned for the results!






MOTIVATION

® Stringent test of B anomalies in meson sector

® Enable to test possible spin dependence of NP

— baryon halt-integer spin

e Four weakly decaying baryons with one b quark

Ag b i ng= 18 %
5000 fo=15%
= m fE,; =1.5%
GO0  fo,=05%

But very small production probability f;

— focus on Ag decays



BACKUP - ANGULAR COEFFIENCTS
2

® Assuming an unpolarised Ag

® The full angular distribution i
ution is :
IR Kia(®) = 7 [|ATL 1P + AR + 20T + 2 AR P + (R & L)]
( . - 1
K(q*, ¢, cosy,cosy) = 8 d™I’ \' Kic(q") = 5 AL P +1ALF + (R L)]
3 dg?ded cos ¥,d cos V¥4 | Kie(q) = —Re {AL Ajf — (R L)}
— - 2
= | (K1ss 03121 9y + Ko cos® ¥y + K. cos ) i Kass(0") = +%Re {AL A} + 241 A + (R < L)}
‘ + (Kass sin® ¥y + Koee cos” Uy + Ko, cos ¥g) cos 19/1 Ko@) = +aRe { AL A+ (R & L)}
+ (K34csin ¥y cos ¥, + K3, sinvy) sin ¥4 sin ¢ } Koe(d") = _% AL P+ AR — (R L)
4 (K, s N : . ;
ot (Kyssind 45 SN Uy ) sin | Koweld) = +%Im {A], AT} - AR AT+ (R e L)}
(87
- . K3s(q*) = +7lm {AR AR — AR AR (R L)}
(87
. Kys.(q%) = +ER8 {AT AP — AP AT + (R L)}
Ve A ¢ Kys(q*) = — = Re {AT AR — Af AT
/\ s \/5 114+ 1o 150 (R A L)}




