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® The Large Hadron Colllder (LHC) at CERN is the
# world's largest particle collider. It lies in a tunnel 27
i kilometres in circumference and as deep as 175

metres beneath the France—Switzerland border near
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82 publications: https://cms-results.web.cern.ch/cms-results/public-
results/publications/BPH/index.html

e Quarkonium Production
o Bottomium States
o Charmonium States
e B and BB Production Production and
o Inclusive Measurements Properties
o BY and BT Production
o 52 Production

o BS _Production
B Meson Decays

Rare Decays

o B~ KM ptp Violation of | Spectrosco

o BY — putpu~ Fundamental P : 24
o CP VE)SIation Symmetries Exotic states
 Baryons
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13.1fb" (13 TeV, 2016)

Events / GeV

CMS-DP-2016-059

Trigger paths
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Muon system
— High-purity muon ID, Am/m~0.6% for | /s
Silicon Tracking detector, B=3.8T
— Ap1/pr~1% & excellent vertex resolution

Y I 1ow mass double muon + track
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u*u invariant mass [GeV]

CMS Preliminary

Excellent detector for studies with muons

Majority of analyses rely on dimuon triggers

Special triggers for different analyses

1Pt (up) pr (up) mass, (up) vertex, and
additional u

[22]

[ W Inclusive low mass dimuon trigger
E B Displaced low mass dimuon trigger

https://cds.cern.ch/record/2868780

104

108

m(u* p”) [GeV]
Significant acceptance improvement in Run-3!
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Recent HF and CPV results @

« Spectroscopy of exotic hadrons

— Observation of X(6600) and X(7100) in J/¢ J/4
Observation of X(6900) in J/v¥ ¥(2S) (4/2025, submit to Sci. Adv.)

— Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)
(4/2025, accepted by Nature)

« Conventional hadrons

— CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)
— Full angular analysis of B° — K*(892)°u*u~ (3/2025, published in PLB)

« CP violations
— Search for CPV through D° — K3K? (2024, published in EPJC)
— Measurement of CPV through BY — J/4 #(1020) (2024, submitted to PRL)

%28 Zhen Hu Oct 25, 2025 HFCPV 2025 6



Progress of Theoretical. Physics, Vol. 54, No. 2, August 1975

« First mention of 4c states at 6.2 GeV (1975) 4 Fosible Model for New Resonances

——Ezxotics and Hidden Chaf_'m—~

— Just one year after the discovery of J/i

Yoichi IWASAKI
. i . . U ) Research Institute for Fundamental Physics
We expect at least three exotic mesons with—lridder—eha m, cc(pp —nn) [be- i Kyoto University, Kyoto '
tween 3.7~4.1 GeV], ¢l [~4.1 GeV] an to.- which we refer '

(Received January 20, 1975)

 First calculation of 4c states (1981): Z. Phys. C 7 (1981) 317

L S JeC Mass {GeV)
! 0 - 6.5 - (CC);*—(E’);‘I
; ?"fé”fg“ L S JreC Mass (GeV)
2 0 2+ 6.78
1 NI O i 0 1= 6.82
B Q¥ 1t 2FF 3t g+ s
R ' ’ 2 0 2 7.15
- — .
3 0 s 6.98 (cC)g (cc)g ; 0 - i
! 2-*.37".4
2 177,277,374 ", 5~
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CMS J/W)/W candidates at 13 TeV

CMS Preliminary ~ 1351b” (13 TeV)

ST &> 3.4 (7))
g o >
E S 500
.-9_ ™ = (5
82 3.3 2
£ ©
i 400 &
o = 3.2 o
S
300
S 3.1
8]
o . 3 200
&
i o 29 100
g
. 2 2.8 0
2.8 29 3 3.1 3.2 33 34
AN G / SeyepipueD L m(wu') eV

CMS Preliminary 135 fo™! (13 TeV)
L L I L L EL L LR R T

o J/ypd/y from CMS: 200F ¢ Data — Fit
. 135 fb~1, taken in 2016, o S o

2017 and 2018 LHC runs

» Clean J/pJ/y signals are
seen a00

Candidates / 5 MeV
>
3

« J/y mass and vertex o
= 4
Gl 2psss
related cuts removed ge gégiﬁwfwmaﬁgg #é%&;ﬁ#%ﬁ&@w@%
238 2.9 3 3.1 3.2 33 3.4
m(w.)1 GeV
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CMS background (SPS + DPS + BWO0)

PRL 132 (2024) 111901

DPS + BWO0)

180 135 fb” (13 TeV)
> C T T I T
(O] »
S 160|F CMS supplementary
To] »
ﬁ 140 - I Data —_— Fit
3 1Hg — BW, - = BW,
I 100fF , i
s M ---BW, — NRSPS X% prob =79%
% 80

..... BW -

O 4 3 DPS [6.2,15] GeV

40

20

* Most significant structure is a BW at threshold, BW0--what is its meaning?
* Treat BWO as part of background due to:

* BWO parameters very sensitive to SPS and DPS model assumptions

* Aregion populated by feed-down from possible higher mass states

* Possible coupled-channel interactions, pomeron exchange processes...

e SPS+DPS+BWO as our background

Oct 25, 2025 HFCPV 2025 9


http://dx.doi.org/10.1103/PhysRevLett.132.111901

CMS J/WJ/ fit: 3 BWs + Background @‘m

PRL 132 (2024) 111901 R
160 —
140:_ ¢ Data —Fit
—BW, ---BW,
x? Prob. = 1% ) | Background

s

[6.2,7.8] GeV

Candidates / 25 MeV
S

=

Statistical significance based on:
2 In(Lo/Linax)

TT'PTI-H-'-I-L—L*J,,L -

85
my,y,, [GeV]

m 6552 + 10 + 12 6927 +9 + 4 7287 +20_ .+ 5
r 124132 4 33 122*31 + 18 95452 +19
N 4707129 492*78 15617
o(stat.) 6.5 9.4 4.1
o(stat. + syst.) 5.7 9.4 4.1
First Confirmation of Evidence

Observation X(6900) from LHCb
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http://dx.doi.org/10.1103/PhysRevLett.132.111901

CMS J/@J/P interference fit

PRL 132 (2024) 111901

S 180 351" (13TeV)
© - 790 cms 7
I > 160— 9 80- —]
; Te) c —Fi -
New Structures in the J/+.J /1) Mass 140 : ¢ Data —Fit —
: o ~ Eu% —BW, ---BW, 3
Spectrum in Proton-Proton Collisions at O 1o /4] , =
/s — 13 TeV o 120¢ ) 475 BW, -~ Background
— - S j00F \ s o -.- Interfering BWs =
A. Hayrapetyan et al. (CMS Collaboration) S : \ K u -
Phys. Rev. Lett. 132, 111901 (2024) — Published 15 March 2024 = {» ' -
(&) A W -
- volN 3
o9 é? ] 2%
L. T
0909 -

R =3

S0—ed e

A v ? 12

S| ©

Ol

Three structures, X (6900) and two new ones around 6.64
and 7.13 GeV, are seen in the J/v.J /¢ mass spectrum that

are consistent with being part of a family of radial excitations.
Show Abstract +

« Fit with interf. among BW1, BW2, and BW3 describes data well

« Measured mass and width in the interference fit

BW1 BWZ BW3
43416 44448 48+41
Interference  m [MeV] 663873213 6847155 7134727
F[MeV] 4400550, 19155515 9775075

) Zhen Hu Oct 25, 2025 HECPV 2025 .



http://dx.doi.org/10.1103/PhysRevLett.132.111901

CMS J/qu/up Run 3 7? &N

| . 135 fb;‘ (13 Tev)
E’ 1605— 790 3 RUI’] 2 omMs 3
o |4OE_ g ¢ Data —Fit _E
e X(7100): 4.70 & Interference <4c == A o Thee
= N T N1 , -~ 0 ackgroun -
100 f ' \ . 4. “ -- Inte?fering BWs _i
* Significance of ALL states over 56 7 L NG I
40 Ve \ e, 'J!
* Significance of interference over 5c ? 2 &% =
.0 =

Sx o

Da >

« Data samples [315 fb-]

— Run ll; 135 fb-1 data taken in 2016, 2017 and 2018
— Run lll: 180 fb-1 data taken in 2022, 2023 and 2024
— J/WJ/YP events: 3.6 * Run |l

Oct 25, 2025 HFCPV 2025 12



135 fb™ (13 TeV) + 180 fb™' (13.6 TeV)

First observation of X(7100) CMS-PAS-BPH-24-003

135 b (13 TeV) + 180 tb™' (13.6 TeV)

600:— CMS 600 1.4 70_ CMS Preliminary
E > ' ¢ Data —Fit
500 — § 500 7 70_ - -BW, -*BW,
g 1 Run 11+ X 3 . 6 yle I d é’ 200 ' —BW, Interfering BWs.
400 § . § -+ -Background
! T 300 , Rad 0
30019 E ; )
I O 200
200 100 - ,’I ;
100 4% L *+ “““ t“+ """" {'
; LS 2py {{ .......... + ............ g S S H h ........ SO S
| . q
* (T R AN (RN YUY U TR OUN (SN R TN TN AN [N HNY NS NN NN LN TN N TN (AN [N VAT TR 1 ©l® O #ﬁ ++ ) * i H ## #& *{# #§+ i v
0 6.5 75 GeV 8 85 9 a! g _ ﬂﬁ*#% ﬁﬁﬁiﬂ#ﬂ* ......... +ﬁ%ﬁ*+# 444444 g 44444 +ﬁ}#*++%§#+
Mygny [GEV] - 65 7 75 8 85 9
L. M i [GeV]
BW1 BW2 BW3 Interf BW1-BW2 Interf BW2-BW3 Interf BW1-BW2-BW3
Significance () 15.2 16.7 £ § 9.7 6.5 9.9
First observation of interferene
BW, BW, BW,
Interference m(MeV) 6593 T13+25 6847 T10+15 7173 7], £ 13
(Run24+Run3) T (MeV) 44678 +87 135118+14 73718410
Interference m (MeV) 6638 fggf;ﬁ’ 6847 J_r%gf%g 7134 fggfﬁ
(Run 2 [12]) I'(MeV) 440 T3040 191 45+ 97 +35+22
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8 8.5 9
m(y(2S)JAp) (GeV)
HFCPV 2025

8 8.5 9
m(y(2S)JAp) (GeV)

CMS-PAS-BPH-22-004

« X(6900) is obvious
« X(7100) is visible

« Signal dominated
by Run3
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134.8fb7 (13 TeV) + 179.6 fb™' (13.6 TeV)

Submit to Sci. Adv.

2 F - CMS -
= 25:_ 7 ) 4 0 Preliminary _:
g C o Data — Fit ] . .
3 * o ing BWs —— x(6500 5 First observation of X(6900) — w(2S)J/y
= 15:_ -------- X(7100) - g;:r;binatorial _:
o 1 Evidence of X(7100) — w(2S)J/w
O 10 ‘ =
LA ] CMS-PAS-BPH-22-004

8.5 9
m(y(2S)Jhyp) (GeV)
Fit  Sample Interf. X(6600)  X(6900)  X(7100)
fiz T/ (2S) BW,, BW; m: — 6876155 110 7169135775
T: _ 253+290+120 154+110+140

—100—120 —82—160
fi 11 J/$)/p Interference m(MeV) 6593 T13+£25 6847 T0+15 7173 7] £+ 13
(Run2+Run3) T (MeV) 44618 +87 13511414 73 18 £ 10
54 14 15

Interference m(MeV) 6638 T332 6847 t35138 7134 T30
(Run 2 [12]) I'(MeV) 440 T330+700 191 85+ 97 30139
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4c States Spin Parity @J

® Fundamental study of matter at quark level...
— unique all-heavy tetraquark states

e Quantum numbers JX ¢ =2 Q-»-
——

P =
v@ directly related to structure:

e Tightly-bound tetraquark:

\ (cc) or (€C) identical = color anti-triplet (bg-gb,..) L = 0, axial vector S , = 1
N (cO)+(E8) > L=0(nS): S§=0,2 = JP =0%,2+ ===~ mostlikely for
—1@P): S=1 = JF _'l'O':"'l' ""é\ . a tetraquark
n=1234 ' et less likely
234 L=2@D): S=0 = =2 sty

§=2 = JF=0% 1““'2+ 3*.4F
e Molecular: less restrictions (e.g. meson §; , = 0,1): recall JE=1*%

16
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CMS Statistical Analysis of JPC @

CMS-PAS-BPH-24-002, arXiv:2506.07944, accepted by Nature
T TN

| CMS Preliminary X-=Jly]ly 135fb~1 (13 TeV)
90 1 |
CMS Preliminary 135 b (13 TeV) i
g — Observed

0.08;* o + I 50 I ._ I i i
B ot - :
2 0.07F O W2 ~ 30 - I , 1 l.l_
= g 2 +E ! | "i—-_- f }H._
< o =L
go.osj— = -0 ! TLHLL il = = Il ==
x £ Ll e e ' 1l
8 0.4 served |~ F I L EEE AL A B I [ T
° i -50 —
3 0.03 q S— —— Observed Expected ; !
:wj 0025— ObS | -70 ] — 2, %10 JP+lo f

T o0 2t +20 JP+20

0.01 I l 2} +30 JP+30

AT -110
-100 -50 0 50 100 = — - - -
0 o/ 0 (0hg 1 1* 2 2, 25
) |n(L0JL2+) I I m mix h m mix
. — - | 4 ,'

e Scan mixture of two 0" amplitudes (11 steps) .-~

L4

— constructive interference most conservative

L4
L4

e Scan mixture of two 2~ amplitudes (11 steps)
— no interference (different spin projections)

e Data are consistent with a 27" model, inconsistent with others

Oct 25, 2025 HFCPV 2025 18


https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/
http://arxiv.org/abs/2506.07944
http://arxiv.org/abs/2506.07944

11.0 24 new exotic hadrons at the LHC

7.5
7.0 1
6.5 1
6.0 1
~ 5.5 1

Xco(4700)
Pc6(4450rr Xc0(4500)

Xc1(4274)
PCC(43§O)+ C

Mass [GeV/c?

Now Wk AU
Ul o (1 o ul o
1 1 1 1 1 1

https://www.nikhef.nl/~pkoppenb/particles.html

P.:(4457)*
IP65(4440)+
Pc:(4312)*

cc(qq) ® cccC [ |
® ccqq ® cqqq

‘TCECE(GQOO)

Xc1(4685)
X(4630)

Tces1(4220)*
Tce51(4000)*

‘TCECE(GGOO)

.chs(4338)°
Tees1(4000)° _ Xc1(4010)

)

T21(2900)°
.T;0(2870)°

@ 7:50(2900)+
T5%0(2900)°

ccqqq

2.0

patrick.koppenburg@cern.ch 2025-07-04

More details in Yilin Zhou’ s talk 8:50 tomorrow
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Recent HF and CPV results =

« Conventional hadrons

— CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)
— Full angular analysis of B° — K*(892)°u*pu~ (3/2025, published in PLB)

« CP violations
— Search for CPV through D° — K3K? (2024, published in EPJC)
— Measurement of CPV through BY — J/4 #(1020) (2024, submitted to PRL)

Oct 25, 2025 HFCPV 2025 20



N/4 MeV/c?

LEP experiments L3, DELPHI, OPAL, ALEPH

using Z-bb process, inclusively reconstruct B meson as b-jet

combine b-jet with a converted photon (calibrated via 1%)

Measure averaged between B*, B, and B.? mass difference

m(B*)-m(B)
- - — — -~ g jfSndnm maS g o F
[ : 110 waf®) @ . i3
" 4 MEPH | S OPAL # J Ao DELPHI
2000 - S § 800) / i 7 H 2 800 r a
Lol %l / 7 8 [ B8y
b gord| S = PIN
1500 :. + 4 D MC Background > mb . ( o . é 600 -
| G o, 0 | "".\'1
1000 - * ,;m Phys.Lett.B 345 (1995) 589-597| 400
[ Wed f 1 i
| 150 (b) f
b ZPhys.C 69 (1996) 393-404 wE ) w0 L3 = Eths €68 (1995) 353-362
s @ 4 ZPhys.C74(1997)413-422 t | S
— 7 e LI ¥ opt e B qu oiu culxl oin 011‘ 012 0117
M(By)-M(B) (GeV/c") 0002 004 006 008 01 012 014 016 018 0. LAB SAL/ Lit 1012 0
) / AM(B -Bi((;e\'/tz) 002 05 BI%“(»C’I:V) 01 022 A (Gev/c

Mass differences also measured via P-wave B? states

m(B**)-m(B*) measured by LHCb using the difference between ‘v

B;,(5840)°- B™ K" and B_,(5840)° — B* K" peak positions

m(B**)-m(B*°) was measured by CMS (BPH-16-003) via the difference
between B_,(5830)°— B0K? and B, (5830)? - B** K- peak positions

-n

Assumes Am = m(B*°)-m(B°)=m(B**)-m(B*)
for D mesons such Am are different by 1.5 MeV!

VALUE (MeV) EVIS DOCUMENT ID TECN

45.21 £ 0.21 OUR FIT

45.42+0.26  OUR AVERAGE includes data from mp.—mjp

46.2 £0.3 +0.8 " ACKERSTAFF  1997M  OPAL

45.3 £0.35 +0.87 4227 1 BUSKULIC 1996D  ALEP

45.5 +0.3 +0.8 ! ABREU 1995k  DLPH

46.3 +1.9 1378 I ACCIARRI 19258 13
28+ year-old
measurements!

PDG still has a single “entry” for B** and B*!

B MASS
o B /I ADMIURE Mp—mp
o B /1P B/ -boryen ADMIXTURE mpe—mp
Vs 0nd Vg OXM Morix Elomants
(mp—mp:) — (mpo—mp)|
. ) 1201%) mp-—mp:

Main challenge: very low-energy photons emitted in B*—By

Do we have enough data in CMS to exclusively reconstruct B*, B, and B;’ mesons via ]/ modes

and provide separate measurements of the respective Am?

Oct 25, 2025

HFCPV 2025
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5324.71 £ 0.21 MeV
45.21 £0.21 MeV
45.37 £0.21 MeV

< 6 MeV CL=95.0%

0.91 +0.26 MeV




B.*0 measurements at B-factories

measured at B-factories via the energy

spectrum of reconstructed B? mesons VALUE (MeV) DOCUMENTID ~ TECN COMMENT
assumed to be produced in Y(S S) decays: 48.571s  OURFIT Error includes scale factor of 2.9.
= 46.1+1.5  OUR AVERAGE

* Y(5S)- B?B? ;

sS 45.7 +£1.7 £0.7 AQUINES 2006 CLEO et e= = T(55)
* Y(55)- B:O B? 47.0 +2.6 2 |EE-FRANZINI 1990  CSB2 et e — T(55)
* Y(5S)- B? B

(55)= B B, B; MASS

* Y(55)- B?B®
From mass difference below and the B‘s) mass.

However, the results were not in a good agreement

with each other (PDG scale factor 2.9) VALUE (MeV) PERELE =GN

5415.4%1%  OURFIT Error includes scale factor of 2.9.

i : 5415.8 + 1.5 OUR AVERAGE Error includes scale factor of 2.6.
Central value of the mass difference is larger
5416.4 +0.4 +£0.5 LOUVOT 2009  BELL

. . + 0
in comparison to B* & B 54117 +1.6 4£0.6 TAQUINES 2006 CLEO

Do we have enough data in CMS to exclusively reconstruct B*, B, and B;? mesons via ]/ modes
and provide separate measurements of the respective Am?
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0]

No selection of a single trigger, use all
Standard reconstruction of charmonium decays
o B*-> K, B> K'(892)° [K'm], B{-»> ¥ ¢ [K'K], )/ ory(28) - prp

Add a photon conversion, refit e*e~ tracks with m=0 constraint, Fit By vertex
Refit By into PV to improve the mass resolution

CMS-BPH-24-011, arXiv:2508.05820
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60 fb' (13 TeV)
- CMS
k. ¢ Data
F 0.8<p (y)<0.9GeV e Fit
- 0.8 <) <09 SR Yy
F m=13494+009Mev [| Background
after PES correction ' : M;:DG =134.98 MeV
4
ARy X % |
150 200
m(yy) [MeV]
HFCPV 2025

Photon energy from conversions is
underestimated out of the box,
developed a dedicated correction

n? - yy signal from two conversions,
in a number of py and n ranges,
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B* signals in CMS Run 2 data

CMS-BPH-24-011, arXiv:2508.05820

> 140 fb™' (13 TeV) > 90 140 fo™' (13 TeV)
2 00l CMS o focms Simultaneous fit in the 7 categories
= - B *+ = 80 B *0 Most sensitive 3 are shown here, the other 4 in backy,
< [ < 4 p
o L+ Data, n(y)| <0.6 o 70F t Data, In(y) <09
; 80 [ — Fit ; N Fit
2 [—ESELES 2 sob B> By Signals are described by DCB shapes fixed to MC
ke GO[~=*Bagamund 2 e s except a common (for all) resolution scaling factor
2 L -—-B*—>B'y,B'> yr’ T 40F BBy

; Mass differences are shared (within B flavour)

20
i Hif M B*—]/Ym* fixed shape and relative normalization
0 A KadN S S *0 *0 e 3 :
5.31 5.32 5.33 5.31 5.32 5.33 BV« Bs cross-feed: shifted signal shapes, for B fixed relative
M(B*y) [GeV] M(B"y) [GeV] normalization

140 fb™' (13 TeV)

B.°

Bkg: (m-m©)® with common f

16F 4 Data, [n(y)| <0.8 S
14 F —Fit
) B:’ - Bly
— - Back d . a
0F_ 5. b 3 states reconstructed fully exclusively for the 15t time

Candidates / 0.5 MeV

o N M OO

Precision order of magnitude better than PDG
Systematics much smaller than stat. uncertainty

54 541 542 543
M(BSY) [GeV] M(Xy) = m(Xy)-m(X)+MPPS(X)
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CMS B* mass results

CMS-BPH-24-011, arXiv:2508.05820

/ Zhen Hu

Oct 25, 2025

Parameter Value PDG 2024 [MeV] ' pgin result: hyperfine
1 Am(B*t) = m(B*") —m(B") 45.277 £ 0.039 £ 0.027 MeV 4534 £0.20  splittings in B system
2 Am(B*%) = m(B*%) —m(B°) 45.471 £0.056 £ 0.028 MeV 45.34 +0.20  Order of magnitude
3 Am(B%) = m(B%) —m(BY) 49.407 £ 0.132 4 0.041 MeV - 485+14 | Precisionimprovement!
4 m(B*")  5324.69 & 0.04 £ 0.03 + 0.07 MeV | 4@y py . upys ” ”
5 m(B*)  5325.19 % 0.06 = 0.03 + 0.08 MeV fﬁis ]]33*0 s gizlg'ﬁﬁzlgl l\sev
6 m(B:) 541634 +0.13 + 0.04 £ 0.10 MeV s Mass LA lle
7 m(B*) —m(B**)  0.50 £0.07 £ 0.01 £ 0.05MeV | __Mass differences between vector states ———
8 m(B%) —m(B**)  91.66 4 0.14 4- 0.03 4 0.12 MeV-_| i'foi'iii',‘i‘;fiiﬁg Féimés™ P Mpo — Mpe+ = 091 4024 £ 0.09 +0.02 MeV
9 m(B20) — m(B*) 91.15i0.14i0.03io.leeV\§
10 m(B) — 1 [m(B*) + m(B**)] 91.40 4+ 0.13 +0.03 + 0.12MeV — § RS
11 ~ Am(B*) — Am(B*t) 019+0.07+0.01MeV _
12 Am(BX®) — Am(B**) 4134 0.14 + 0.03 MeV Differences between
13 Am(B20) — Am(B*0) 3.94 £0.14 + 0.03MeV hyperfine splittings:
14 Am(B) — 1 [Am(B*) + Am(B*+)] 4.03+0.13 4 0.03MeV first measurements
15 Am(B*0)/Am(B**)  1.0043 + 0.0015 = 0.0002 T
16 Am(B0)/Am(B**)  1.0912 + 0.0031 + 0.0007 -

*() *0 ’

i Am(BZ0)/Am(B*)  1.0866 = 0.0031 = 0.0007 Gt mensimementy

18 2Am(B®)/ [Am(B*+) + Am(B**)] 1.0889 £ 0.0030 £ 0.0007

HFCPV 2025

Submitted to PRL
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Full angular analysis of B® - k*up

golden indirect y,z«ﬁ<y-

probes of NP 5 xa ; b Tou :

W
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0 E Backglround
+ (%(1 — F_)sin? 0g — F_cos® HK) cos 26, §25°E‘ bl :
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. 2 59 R % : ; T 5% T Y - IRy Y- -
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O L
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w IF —_ - g —_ ]
3 E 4 oma E
E [ [ ]Ascomn ]
0.85— 0_55: [ flavio
0.6F *%
3 05 ==
0.4} E
0.2 +oma ~05E
E [Jascomn EOS 5
E [7Ifavio HEPit E E ]
0] TS U A il E JC | ST A I W Ll ]
0 2 4 6 8 10 12 14 216 0 2 4 6 8 10 12 14 2‘16
9% (GeV) q? (GeV")
CMS 140 fb ' (13 TeV) CMS 140 b " (13 TeV)
o T T 1 oo T T .
F —# Data E f —4Data B
[ [_]ABcDMN ] [ [_]Ascomn EOS ]
05 05 e
of ] of
-0.5 1 -0.5[
B \_1 ,
0 2 4 6 8 10 12 14 216 0 8 10 12 14 21(
q° (GeV) g’ (GeV’)

v/ among the most
precise measurements of the angular
observables of this decay

v’ valuable contribution to the
understanding of the b = sl+I-

Zhen Hu Oct 25, 2025
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g Recent HF and CPV results @

Spectroscopy of exotic hadrons
— Observation of X(6600) and X(7100) in
Observation of X(6900) in J/v ¥(2S) (4/2025, submit to Sci. Adv.)

— Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)
(4/2025, accepted by Nature)

Conventional hadrons

— CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)
— Full angular analysis of B — K*(892)°u*n~ (3/2025, published in PLB)

CP violations
— Search for CPV through D° — KIK? (2024, published in EPJC)
— Measurement of CPV through BY — J/4 #(1020) (2024, submitted to PRL)
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Search for CPV in D* — K° K0

« CPV in up-quark (heavily suppressed) not as well studied as in down-quark

First observation by LHCb Acp(D° = KK) — Ap(D° > 77) = (-15.4 £2.9) x 10~
Belle Acp(D? —» KZK3) = (—0.02 £ 1.53 £ 0.02+0.17) %
LHCb Ap(D? - KEKQ) = (—3.1+ 1.2+ 0.4 £ 0.2) % PRL122(2019)211803

The current world average for the time-integrated CP asymmetry is Acp (KZKZ) = —1.9 +
1.1 % [19], which is dominated by results from the LHCb [25] and Belle [26] Collaborations.

 First CPV measurement in charm sector at CMS
— 2018 data, 41.6 fb' BParking dataset

— contains O(10'%) semileptonic B decays ) d]Ko

_ (D > KsKy) - I(D° - KgKy)
(D% - K2K9) + I'(D® — KIKQ)

CcP

=
z
<
Z

— Araw __ APpro __ pdet
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ABYKIKY) = (7.1 £3)% ALY (Kar) = (0.78 £ 0.10) %

Pion charge N X2 (xaxis) 32 (y axis) Charge of pion N x? with 100 bins
n+ 1095 + 46 77 90 o 944817 + 3489 78
. 951+44 93 62 T 930148 + 3395 93
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Acp = AZY(KIKQ) — ARV (K3nm) — Acp(Konm)

Zhen Hu Oct 25, 2025 HFCPV 2025 30




Search for CPV in D* — K° K0

AAcp = Acp(KeK) — Acp(Krt717) = 6.3 £ 3.0 (stat) £ 0.2 (syst) %.

Acp(KEK2) = 6.2 £ 3.0 (stat) £ 0.2 (syst) £ 0.8(Acp(KEr 7)) %

Source Uncertainty, %
m(D7*) signal model 0.10
m(D7t*) background model 0.02
m(KZKQ) signal model 0.04
m(K%K%) background model 0.02
m(KgKg) fit range 0.04
Reweighting 0.09
AAcp in MC 0.13
Total 0.20

Compatible with no CPV at 2a, with LHCb at 2.7a, with Belle at 1.8¢
Statistically limited, systematic primarily from fit models
Paves the way for future more accurate measurements

More details in Vladimir’s talk at 14:20 this afternoon

EPJC84(2024)1264
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https://doi.org/10.1140/epjc/s10052-024-13244-0

CPVin B — J/yy $(1020) decays  [<S)

« 2017 + 2018 dataset, 13 TeV, 96.5 fb-' (~ 491000 signal events)

— passing J/Y +u or J/Y + ¢ trigger
- J/Y— pu, ¢ — KK
« Time-and flavour-dependent angular analysis, 7D UML fit

m, Ct, O,y @44, COS O, COS Y, Py

A
* angular analysis: to separate CP eigenstates O ¢ rest frame
PP Yr
angular efficiencies -
0,50 Or < m/w
. : to infer B;/B flavour at production  -___ P NS
- R . T W g e
tagging decision and mistag probability J/w*?; " L
e,
* time analysis: to model flavour oscillations E
time efficiency and resolution J/y rest frame
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CPV In B — J/y ¢(1020) decays

Parameter Fit value Stat. uncer. Syst. uncer.
¢, [mrad ] —-73 £23 +7

AT, [ps!] 0.0761 =+ 0.0043 + 0.0019
T, [ps~!] 0.6613 =+ 0.0015 + 0.0028
Amg [hps~!] 17.757 £0.035 + 0.017
|A| 1.011 +0.014 + 0.012

| A |? 0.5300 = 0.0016 + 0.0044
A |2 0.2409 = 0.0021 + 0.0030
| Ag|? 0.0067 = 0.0033 =+ 0.0009
9 3.145 =£0.074 + 0.025
J, 2931 =£0.089 + 0.050
dg | 048 =£0.15 + 0.05

3.2 ¢ evidence of CP violation
in BY > J/y decays

results in agreement with SM and other
experiments

still statistically limited,
competitive with other measurements

Comparable in precision to the world’s most precise single measurement by LHCb

combined with 8 TeV analysis

—0.11
'n cMs
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= . 68.3%, 95.5%, 99.7%
L »0.10 SM no penguins CL contours
<
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0.07
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0-05/55 -100 -50 0 50 100
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—_ T —_— —_—
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arXiv:2412.19952 , Submitted to PRL
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http://arxiv.org/abs/2412.19952

Recent HF and CPV results @

« Spectroscopy of exotic hadrons
— Observation of X(6600) and X(7100) in J/¢ J/4
Observation of X(6900) in J/v¥ ¥(2S) (4/2025, submit to Sci. Adv.)

— Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)
(4/2025, accepted by Nature)

« Spectroscopy of conventional hadrons
— CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)

« CP violations

— Search for CPV through D° — K3K3 (2024, published in EPJC)
— Measurement of CPV through BY — J/1 ¢(1020) (2024, submitted to PRL)
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Quarkonium measurements

 First Upsilon cross-section measurements with Run 3 data
— Extended to higher pT: up to 200 GeV
— At higher collision energy: 13.6 TeV

— Close collaboration with theorists from China: Yanging Ma, Yu Feng,
Hongfei Zhang, Zhiguo He, ...

— Results to be shown in the QWG conference next month

« Experimental Review of the Quarkonium Physics at the LHC

Symmetry 2025, 7179), 1521; E'-"

https://doi.org/10.3390/sym17091521
Published in the Special Issue:

Symmetry in Hadron Physics (Jialun Ping) E r.
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« CMS paint a full picture of fully-charm tetraquarks:

— Measured masses of 3 resonances with full Run2+3 data
— Measurement of spin-parity reveal their JPC = 2++

« CMS fully exclusively reconstruct, for the first time, B*+, B,
and Bs%signals
— Order of magnitude precision improvement in the Am values!

— 18 various measurements, including differences and ratios, are
provided for completeness

e The first CMS measurement of CP violation in charm is
performed

- Full angular analysis of B® - K*%uu

« Stay tuned for more results including those with much
larger Run 3 dataset!

Thank you!
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