A look at  — ' mixing

Hussain Al Saleh, Matthew D. Needham, Maximilien Chefdeville'.
TUSMB Laboratoire d’Annecy de Physique des Particules

Tuesday 16/12/2025



- Light unflavoured pseudoscalars mesons.
- combination of uli, dd, and s5 with [1]:

M(n) = 547.862 & 0.017 MeV/c?

M(n') = 957.78 £ 0.06 MeV/c?



Theory: Constituent Quark Model

n and n" are linear combination of the singlet (|1)) and the octet (|8))
states with mixing angle: 6 € [—25°,—10°] [2]
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Theory: Flavour Basis

Combination of |ng), [ns) the mixing angle (¢p).
1 _
= — ||ub + dd
1) V2 U >]
Ins) = [sS)

Due to the mass difference, 409.92 + 0.06 MeV/c?, one can assume a
gluonic/glueball component (|G)) contribution in the singlet state in
7', leading to additional mixing angle ¢ [3]:

1) = cos ¢p [ng) — sin ¢p |ns)
In') = cos ¢ (sin ¢p |1g) + cos ¢p |1s)) + sin ¢ |G)



Experimental Results

In the LHCb analysis [3] led by prof. Matthew and prof. Maximilien,
the gluon component were studied using By/s — J/¥n() with:

= (ntr (= vy)) B =425 %
— ((0° = 7t77)) B = 29.48%
— (7T (7% = 7)) B =23.02%
r]%(ﬁ ) B= 428%

Using Run1 and Run2 data, Only tree diagram contribution, and
under glueball state assumption the measured mixing angles are [3]:

¢p = (11.8719)°
¢6 = (281739)° (¢6 = 0) with > 4o



Experimental Results [3] cont.
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Figure 1: Left: Double and Single v modes; Right: Combined results.



Alternative Interpretation

- Proposed by Chen and Li [4], no glueball contribution is needed
to get similar results, instead the gluonic interaction can be
enhanced by Ux(1) anomalies.

- These interactions are present in the other, higher order,

diagrams.
- Taking the same decay but including the W exchange diagram[4]:

r — B(BO —~J/¢r') ©3(BO — J/vn)

9= "B(B0 = J/gn)  ®3(BO — J/un)
= tan’ dp cos’ o6 — Rg = tan’ op (11140[ )

R, = B(Bs — J/yn') ®*(Bs = J/¢n')

B(Bs — J/¢m)  ®3(Bs — J/¢n)

142
= cot? ¢p cos’ g — Rs = cot? dp ( + o¢>
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Alternative Interpretation [4] cont.
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Using Other Modes with Similar Topologies

Using: J/W — D°, Bd/s—>D77 with:

0= (7t (n—77)) = ((0° = 7t77)7)

n= (7t (7% = vy)) n = (ztr"y)
By — D°n) = T(AX?) + E[u](AN?); Vip
By — D) = T(AN(p — in)) + E[](—AX“(p — in)); Vio
Bs — D7) = T(AN) + E[u](AN}); Vep
Bs — D'n() = T(AX(p — in)) + E[](AN(p — in)); Vup

With branching fraction, respectively: [5][6]

(1) Bex = (3.94 £ 0.20) x 10~%; (3) By = (0.86 +0.28) x 10~*
(2) By = (0.25 4 0.05) x 107°; (4) By = (3.5+£0.1) x 107°
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What Can Be Done

1. Using Run2 data Bs mode is likely to measured.
2. Expected B(Bs)/B(By) < 4%.

3. Thus statistically limited but first Observation for these modes
for Bs.

4. To Study the mixing angle Run3 data is required.

5. Sprucing lines for Run 3 are prepared and merge request is
created.

6. Additional modes to look for with run3 data, sprucing line for
2025 are being prepared:

BT/~ — D)

7. The mode above can be used to study « contribution.



What has been done + what are we doing

- Simulation: configuration files ( .decfile ) was created.

- EviType: 11464401 "Bd_DObareta,Kpicocktail=TightCut.dec”
- EvtType: 11464402 "Bd_DObaretap,Kpicocktail=TightCut.dec”
- EviType: 13464401 "Bs_DO0Obareta,Kpicocktail=TightCut.dec”
- EvtType: 13464402 "Bs_DO0baretap,Kpicocktail=TightCut.dec”

- Simulation: Requested 12M event for Run2 ( 1M/year/mode )
- Simulation: generation is completed.
- Training MVA: current step.

1



Conclusion

- 7 —n’ mixing and the gluonic components need more
investigation.

+ Run 3 data: mixing angle measurement in By/s — D%n().
- Run 2 data: Loose cuts reveal the B, signal.
- Run 2 data: MC generated and planning to train MVA.



Questions?
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Quarks States and Mesons

JP=0" JP=1" S
* i lud) pt i lud) 0
a° %ldd — uit) 0 %|dd — uit) 0
T —|dit) o ~|diy 0
K* |u5) K us) +1
K° |d5) K0 ldsy  +1
K _sdy KV _lsdy -1



Decfile for By — 7

#EventType: 11464401
# Descriptor: [ (B

~(D~0 => ~K+ “pi-) ~(eta => pi+ pi- ~(pi0=> “gamma ~gamma)) 1CC, [BO => ~(D~0

K+ “pi-) ~(eta ~pi+ “pi- ~gamma) JCC ]

NickName: Bd_D@bareta,Kpicocktail=TightCut
Cuts: LoKi::GenCutTool/TightCut
InsertPythonCode:

from Configurables import LoKi__GenCutTool

Generation().SignalReneatedHadronization,addTool ( LoKi_GenCutTool , 'TightCut' )

tightCut ueneratmnt) siaglieosatsdtiadranization TiahECut

tightCut.Decay = " ~(D~0 => "+ ~pi-) ~(eta => pi+ pi- ~(pid=> ~gamma ~gamma)) 1CC, [B0 => ~(D~0
tightCut.. Preamhuln - 1

“from LoKiCore.functions import in_range"
“from GaudiKernel,Systen0fUnits import Gev, Mev",
“AccCut = in_range ( 0.805 , GTHETA , 0.400 )",
“goodGamma = ( (GPT > 150 % MeV) & AccCut ) ", |
“ErrSuppress = ( GPT > 150 * MeV )"

tightCut.Cuts = {"ganma" : “"goodGamma”, "pi+ ErrSuppress”, "pi- “ErrSuppress”, \

! Errsuppress " : "ErrSuppress", "K-" : "ErrSuppress", \
Suppress" “ErrSuppress"”, "ErrSuppress"}
EndInserth(hanEode

Documentation: Bd is forced to 4 charged tracks,

Dobar is forced into K+ pi-,and

eta can decay to either pi+ pi- gamma

or pi+ pi- (pi0 -> gamma ganma).

The TightCuts are relevant for the gammas,
the others are there to supress the error
which will cause the pipeline to fail.
EndDocumentation

PhysicsWG: B20C

Tested:

Responsible: Hussain Al Saleh
Email: halsaleh@cern.ch

e e i b
° -

CPUTime: <Imin

K+ ~pi-) ~(eta => ~pi+ ~pi~ ~gamma) 1CC 1"



Decfile for By — 7 cont.

Alias MyD@ Do
Alias MyantiD@ anti-Do
Alias Myeta eta
Alias Mypi@ pio
ChargeConj MyantiD@ MyDo@
ChargeConi Myeta Myeta
ChargeConi Mypi@ Mypi@
#
Decay BOsig
1.0000 MyantiD@ Myeta PHSP;
Enddecay
CDecay anti-B@sig
#
Decay MyantiD@
1.0000 K+ pi- PHSP;
Enddecay

CDecay MyD@
#

Decay Myeta

0.6666 pi+ pi- Mypi@ ETA_DALITZ;
0.3334 pi+ pi- gamma  PHSP;
Enddecay
#
Decay Mypi@
1.0000 gamma gamma PHSP;
Enddecay

#
End



Decfile for Bs —

#EventType: 13464402
# Descriptor: [ (8.5

> A(D~0 = K+ “pi-) “(eta_prine => ~(rho(770)0 = “pi+ "pi-) ~ganma) 1CC ]

A(D~0 => "K+ "pi-) “(eta_prine

~pi+ "pi- ~(eta=

gamna ~ganma)) 1cC, [B_s0

NickNane: Bs_DAbaretap.Kpicosktail=Tightcut

Cuts: LoKi::GenCutTool/TightCut

InsertPythonCode:
fron Configyrables import LoKi_GenCut
Generation().Sian: aIREDEatedNadrumzaunn S ddTonl ( Loki_ GencutTool , ‘Tightcut! )
() Sianaincasateatadrontant son Tiohtcy
tignecut.decay — " ~(0~0 L prine = ~pis “pi- (eta = Aganma ~gama)) 1CC, [8_s0 == ~(0s0 = s pi-) ~(eta_prine = ~(rho(770)0 = pi+ "pi-) “gomma) 1cC 1"

KANtCUtpreambulo +< T

“from LoKiCore. functions import

“from GaudiKernel,SystenofUnits inport cev, Me\l”
ccut ~ in_range (0,005 , CHETA , 0.408

sgoodGamma ="((GPT > 150 Mel) & Aiccit ) b

“ErrSuppress = ( GPT > 150 * MeV

tignecut Cuts = Cgamer ; spodsamar, pi) ¢ tErsuppress”, bl
. ppress", "rho(770)0" P
L "Dt P

" : "ErrSuppress”, \
“eta” : iop

2

EEEEEEEE R RS AR RN

Enitriertoythontode.”

Documentation: Bs is forced to 4 charged tracks,
Dobar is forced into K+ pi-, Tight Ci

Ctarprine can decay.to esther pis pie. (ota > gomna gamma)
or (rhod -> pi+ pi-) ganma.

The TightCuts are re\Evant for the gamnas,

the others are there to supress the error which
Wit cause the pipetine 10 fart.
EndDocunentation

PhysicswG: B20C

Tested: Yes

Responsible: Hussain AL Saleh
halsalehecern. ch

te: 20251008

CPUTime: <imin

PemmsssEEsERER R,



Decfile for B; — 7’ cont.

Alias

Alias

Alias

Alias

Alias

ChargeConj

ChargeConj

ChargeConi

ChargeConi

#

Decay B_s@sig
1.0000

Enddecay

MyD@
MyantiD@
Myetap
Myeta
Myrho@
MyantiD@
Myetap
Myeta
Myrho@

MyantiD@

CDecay anti-B_s@sig

#

Decay MyantiD@
1.0000

Enddecay

CDecay MyDo@

#

Decay Myetap
0.6666
0.3334

Enddecay

#

Decay Myeta
1.0000

Enddecay

#

K+

pi+ pi-
Myrho@ gamma

gamma  gamma

DO
anti-D0o
eta'
eta
rho@
MyD@
Myetap
Myeta
Myrho@

Myetap PHSP;

PHSP;

pi- |

PHSP;
PHSP;

Myeta

PHSP;
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