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e Large silicon tracker
e Strong magnetic field
e Broad acceptance

e Superb muon systems
(CMS parameters, ATLAS similar)

e Three differentdevices, coverage up to |n|<2.4
e Dimuon massresolution ~0.6-1.5% (depending on |y|).
e Fake rate <0.1% for p1,K; <0.05% for proton, with very tight ID

e anp]emenfary to LHCb
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Recent results on selected _

Hadron production and polarization
Spectroscopy and exotic states

B decay property and angular analyses
Disclaims

Not exclusive of all due to time limitation

No coverage of pA and AA results

Selections due to personal bias, esp the speaker is from CMS
More results from ATLAS and CMS can be found at:

e https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublic
Results

e https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResul
tsBPH

*
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*
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Quarkonium production

Produ‘ction of J/¥, ¥(2S) and Y(nS) for |y|<1.2 studied by CMS on 2.3-2.7 fb~! of 13 TeV data
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Candidates / 50 MeV

Y(1S) pair productlon@CMS-

L=20.7 b (8 TeV)

CMS: JHEP 05(2017) 013

O Signal yield: 38+-7
O Significance > 5 o, first observation

N WA 00 N

>
[}
=
B 74 e g e
X ey I O The fiducial cross section with |y[<2.0:
o 53 7 e L T T
2 B | | _
= g e | T ofid = 68.8 + 12.7 (stat) + 7.4 (syst) + 2.8 (B) pb
bl R || T 1
g 21 o O The effective cross section:consistent
%‘ 9 105 with the range of values from the heavy-
g 95 g S gl quarkonium measurements
O M“)[Ge\/l 105 4485 §k\>\"\
CMS L=20.7 o (8 TeV) CMS L=20.7 o (8 TeV)
~ ¢ Data % C ¢ Data
25— All components S o5 — All components
C -~ Y(1S) Y(1S) o - -=Y(18) Y(1S)
- Y(2S) Y(1S) o) C - Y(2S) Y(1S)
20 [~-..-Y(1S)-combinatorial ~ ook -..-Y(1S)-combinatorial
- -+ Y(2S)-combinatorial $ C | -+ Y(2S)-combinatorial
L - - Combinatorial -E; C - - Combinatorial
15 o 15F
N . '8 ]
5F- I diea J 3 ] [ 51 e ! L
0_ II L o w;':’l;'l'\“‘i;}'mm{-ki‘l HE YT B 0: 2 = . ’ \‘~ !'.“Dn.h
8.5 9 9.5 10 105, 11 8.5 9 9.5 10 105, 11
M. [GeV] - My, [GeV]
2018/6/22 L [ER TSR 2 W Dayong Wang 6



Measurement of B, and B* cross -

The integrated production cross sections times branching fraction
B:—]J/Yn*: 40.8 + 4.7 (stat) + 2.8 (syst) pb [pr(B:) > 10 GeV and |y|(B:) < 1.5]
B*—J/ipK": 5851 * 37 (stat) + 446 (syst) pb [pr(B*) > 10 GeV and |y|(B*) < 1.5]

B. shape in agreement with BCVEGPY, normalization off by ~2.75
B* measurement consistent with PYTHIA, NLO, and FONLL predictions
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B+ productlon at 13 Te
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B hadrons lifetimes measured
by CMS on 8 TeV pp data

Decay modes used:

B°—J/PK*(892) and B°—]/{K;
b—>J/PA°

- B3—J/Y$p(1020)° and B{—)/ymn-

- B

— )/

Events / 50 um

[

(Data—Fit) /

CMsS 19.7 o™ (8 TeV)
5 [T T T T T T
10" £ B0 5 ypya(1020) + Data
10* — Fit
e ™,
10°

CMS result [pm] PDG [um]

cT.,

B

CcT

B

C‘l:B

CT

—Jpnn

) d

Ay

CcT

Bc

454.1 + 1.4 (stat) £ 1.7 (syst)

502.7 + 10.2 (stat) + 3.4 (syst)

4439 + 2.0 (stat) + 1.5 (syst)

4429 + 8.2 (stat) + 2.8 (syst)

162.3 + 7.8 (stat) + 4.2 (syst) + 0.1 (B*)

455.7 £ 1.2
482.4 + 3.0
4434 + 3.6
440.7 + 3.0

152.0 £ 2.7

Other observables found from the measured lifetimes:

Lifetime of the B eigenstate ct, = 420.4 + 6.1 (stat + syst) pm

AT 4/T4 = 0.034 + 0.023 (stat) + 0.024 (syst)
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Observation of a new B_, d

* Using 19.6 fb™' of 8 TeV data, CMS studied the s P’e’l;’"’”a’y SCIDNENEY)
excited B, states B;;(5830)° and B,;(5840)° §605_ o Lep
Al = .
in the B*K™ and in the B°K{ decay modes ~ f  —Signas
3501 ---Kem swap
* First observation of the decay B,; —B°K? §40f_ Ela
* First evidence of the decay B;,—B"°K? (‘_)%302— | l ‘ H
» Several related observables measured 201 | ! - } ]
New for LHCP2018 ! oL JH -
CMS-PAS-BPH-16-003 0578 58 582 584 586 |5.|88|G| '\?.9
* B, natural width (consistent with LHCb and CDF) * feie [S0]
* %010
I'(B%,) = 1.52 4 0.34 (stat) & 0.30 (syst) MeV B, —>B™K;
. oL 0 B;; —B°K¢
* First measurement of mass difference B, —BK; (6.3-7 o)
between B** and B** excited mesons (3.6-3.9 o)

Mg« — mp++ = 0.91 1 0.24 (stat) &+ 0.09 (syst) = 0.02 (PDG) MeV

* Cross section times branching fraction ratios
o(pp — Bsy...) x B(Bsy — B*"K™)
o(pp — BL,...) x B(BY, — B"K~)
o o(pp — Bsi...) x B(Baq — B*KY)

First
RO = — 0.266 + 0.079 (stat) + 0.063 (syst
" o(pp — B,...) x B(BY, — BIKY) (stat) (5Y89)| mmeasurement

— 0.233 £ 0.019 (stat) = 0.018 (syst)| Consistent with

+_
R; = LHCb
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Xb(3P) state first discovered by ATLAS (PRL
108 (2012) 152001), seen also by D0 and LHCb

Analyzing the full LHC Run 2 dataset (80 fb™")
CMS now observes for the first time the split
in the xu,(3P)-X1.(3P) doublet and measures
the masses of the two states

Xn(3P) reconstructed in Y(3S)+y mode,
with y converting inside the CMS tracker

Photon energy scale calibrated with
high-yield xc,—)/{+y decays

Results
M, = 10513.42+0.41(stat)+0.18(syst) MeV
M, = 10524.0210.57(Stat)10.18(syst) MeV

2
AM= 10.60+0.64(stat)+0.17(syst) MeV

Significantly constrains theoretical
predictions, which give mass splits in the
range [-2, 18] GeV

Observation of y,,, ,(3P) mass

1.000
L CMS, to PRL CMS
q) [\ -
T 0.995 arXiv:1805.11192  5_131ev
S B
S - J/
o B X, Py
® 0.990 — el
m —
c i
2 -
2 0.985|
o L
0.980 — o 2015+2016; L = 37.9fb™'
B e 2017; L = 42.1 fb™!
i | | |
0 5 10
E, (GeV)
100~  CMS
{s=13 TeV
80— L=80.0fb"
-~ F
()
3 60 — Totalfit
» [ - Signaly, (3P)
2 - ,
:>j 40__ """" Background
20—
\-—::|:‘.'.'—|— | |

Y(3S) v invariant mass (GeV)

C i ! == 0 IR L1
10.4 10.45 0.5 10.55

|
10.6
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Search for X*(5568) — B,

DO0: a tetraquark candidate X* (5568) — B.w +
e Phys. Rev. Lett. 117, 022003 (2016): 5.1sigma
e D@ Note 6488-CONF: semi-leptonic channel

LHCb/CDF reported non-confirmation results
ATLAS/CMS: thousands of B, — J/i{) ¢ decays to search

px= (8.6 + 1.9 + 1.4)%

ATLAS: PRL 120 (2018) 202007 s 76y
i B g0l @ T Lt
400 E - : | o B bty g :
: @ 600 o
: 300 % - pT(BS) > 10 GeV
& 200 ' ATLAS ¢ Data = -
= — — Signal (S) _8 400_— + Data
. Vs=7TeV, 4. gfb’ ----- Background (B) © B .
1004 | Vs=8 TeV, 19.5 b _—E'é(ﬁ:ai)s ek — O E — Fit
. p,(BY)> 10 GeV P ] 200
. - _ CMS: PRL 120 (2018) 202005
= 2 = : :
"LE = ; I * } ' I‘i
§ _2 r -1 oL R | [ |1r"1 L f > é ;‘*,‘T‘H‘* }fmi;}i*t“ ‘ﬂfﬁ * 2,3;,‘; ) 1§h$ :*i} 2*: ﬂi i
- B | E— SElE Ha s 57 —%538 5.9
m(B2n) [MeV] M*(Br*) [GeV]
Stringent limits are set:
ATLAS: px <1.5% @ 95%CL _ o(pp~X(5558)+anything)xB(X(5558)—»Bsnt) Ny &g
Px = o(pp—Bs+anything) Np, €x

CMS: px<1.1% @ 95%CL
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Obersvation of excited

= Significance of the observed signal 20”

> C ]
calculated with toy studies S 18 ATLAS Qp ., = 2885 MeV =
3.7 in 7TeV and 4.5 in 8TeV S A T One = 1824 MoV 3
‘ = e » _‘g 14:_ vg=7Tev sy NchT,= 2216 _:
+ Combined significance is 5.2 2 1of ¢ Dam E
T m Wrong-charge
r combinations

= Systematic dominated by fitting o
= A new state observed at j
Q = 288.3%+3.5(stat.)*4.1(syst.) MeV 2

n Corresponds to a mass of 100 =~ 200 300 400 500 600 700

m(cht)—m(Bc)-Zm(ﬂ;) [MeV]
6842 * 4(stat.) * 5(syst.) MeV o
=« LHCb: 2 fb-"! of 8 TeV data, no 35E ATLAS Qy,,, = 288+ 5 MeV

= =18+
30 .[ Ldt=19.21b" Op,ur = 182 4 MeV

Vs =8TeV

evidence for any resonance :
= = = 25:_ L] ata
= Ratio of B.(2S) to B. cross section i1“ = wrong charge

the range [0.02, 0.14] @95%CL i Fomeaten
5:

= ATLAS observation to be confirmed

Events / 20 MeV

m(B xm)-m(B )-2m(n) [MeV] -
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Helicity study of A, — jJI @

400 19.81b" (8 TeV) + 5.2 fb™ (7 TeV) 19.8 b (8 TeV) + 5.2 fb™ (7 TeV)
s | @ CMS | S g0 ) CcMs
™ 2
2 LEe Phys. Rev. D 97(2018), 072010
e I . [ - ngkiyound
W 200 i N
I 400_—
100f 200 P=0.00 £ 0.06(stat) £ 0.06(syst)
IR o D5 ;=0.14 £ 0.14(stat) £ 0.10(syst)
0558 56 562 564 566 % -0.5 0 0.5 1
m (J/y A) [GeV] cos 9,
- 600 19.8 b (8TeV)+5.2fb"c;:mT;V) N 19.8fb (8 TeV) +5.2 fb"c;:wT;V) LHCb
S ; 600f
° “ 19 0.05 £ 0.17(stat) £ 0.07(syst)
5 3 | ATLAS:
w waoor /S
b L | 0.05 + 0.16(stat) £ 0.06(syst)
Zoo:glitgnal T~ 200'_ —- Signal > 30—
[~ Backgroung [/ o Bsogroma g " ATLAS
A helicity frame © 5ol \S= 7TeV, | Ldt=4.6fb"
e 1 0l Y — T 1 2 - Ag+KE - '?;::dzg:‘:"e'
cos 9, cos®, & 2001 o :!,9:;;’
0 - — - Comb. bkg
150

Phys.Rev. D89 (2014).092009
50f

el Ll-v'-.t"l."'|'-'J-"'r"'|-"'i"|"1—"i:'-'l_:vff::! e lmabad oot
5400 5500 5600 5700 5800 5900

m, A [MeV]

0

;/ Lt
.AH
Jfy helicity frame -2 WX Dayong Wang 14



FCNC processes b—>su+P-:
golden indirect probes of NP

p* /”/

clean exp signature;

. Z e W- W*  robust theory calc;
b W S b ) t, g, u ) S hlgh SenSitiVity

pe

AGr . . Py & i =1,2 Tree

Mo = - W‘/tb‘/tq Z \Cio/i +€£_’,+ Z A.lz\’l’ Onp i =3-—06,8 Gluon penguin
t =17 Photon penguin
Left handed Right handed, i =910 EW penguin
% suppressed i=S,P (Pseudo)scalar penguin

Effective theory:Different processes are sensitive to different operators

o ¢
. < qaF
“B anomalies”=>flood of NP models oF
S It 0.42— e
SL M SL M 025_ +
el
Iz b, 7 0.2 + #CMS (7, 8 TeV)
b, o b 0.4F LHCb
-0.6:— gaﬁar
elle
4 » Leptoquark > Nlewlsce’:lars/vEctor: Earlier CMS 7+8TeV results CDI|: | | |
» SU(2), singl » SpinOor1 aiso Ieptoquarks e b NPT
b Smeter pinor possible Phys. Lett. B 753,424 (2016) ' 72 14 T, f8
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B - K utu~ : P,and Ps’ results-

Q- - Ao 1.5
3t +-cms = +-cms
250 ) - LHCb na UL LHCb
- _ . W(2s
2F SM-DHMV N\ - Belle
1.5F w(2s) 0.50 Y sm-DHMV
E o + |
0.55— \ : \ S
0%}\ SN \\\ \\\& -0.5 N .
051 -&- .__*F‘ l\‘\*@ﬂk pa MR H
SR :
_15:||||||||1|||||||| I I BTN RS _15- | I BEE ST ST TR [ENEEE B SR B
-0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

2 (GeV?) 92 (GeV?)
« Fitin seven g2 bins from 1 to 19 GeV'?, yielding 1397 signal and 1794 bkg evts

* CMS results are consistent with SM and previous measurements.

LHCb: JHEP 02 (2016) 104 arxiv:1710.02846
Belle: Phys. Rev. Lett. 118, 111801 (2017)
SM-DHMV: JHEPOI (2013) 048, JHEP 05 (2013) 137 Phys. Lett. B 781 (2018) 517

% #1874k K 28 5 Milano, Padova &4 7, 5x,
Selected as the CMS “jokertalk” & b5 A : Z4kpf/ I Lk B
at MOIIOHdZOl 7 _7% **%—{éipre _Approval;}g‘%
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B? - K*° u*u~ angular anaIyS|s from A'-

L 1.8 ]
160 " ATLAS Vs=8TeV, 203fb1*
' -~ Dat
v' Second release of the results i DAt v
v' Based on 8TeV data, 20.3 fb™" oF thoory DHMV 3
v’ six different bins of g2 in the range 0.04 i E
to 6.0 GeV? 0.8C =
v Much less yield: 348 signals, 439 bkg 0.6 —{— =
v' Compatible with the results of the LHCb, 0 s—4— -
CMS and Belle 0.2 =
2
ArX|v 1805.04000 (submltted to JHEP) o [GeV]
© 20ATLAS | (s=8TeV, 20307 o’ 2FATLAS  Vs=8TeV, 203 o'~
1.5 —4- Data — -4~ Data .
- theory DHMV 1.5~ CEEMPSV fit  —
1= theory JC - : theory DHMV
- 1= theory JC —
0.5F = P
—+ T L e f
—0.5; — 0; 7
a3 E —0.5F _{— =
—15} —] ]
- E 1= -
S N N B T R C \ A N B
0 2 4 6 8 10 0 2 6 8 10
9 [GeV?] ¢ [GeV?]
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B" > K"utu™ Arg and Fy results -

20.5 b (8 TeV) CMS 20.5 b (8 TeV)
E B - 1.5 -
< 04 + Data ~ } 4+ Data
C - — DHMV
0.2 — 1 — I
- B L
o T |—4— 4
B 0.5
o2k ArB P(25) i Fu P (25)
- e &l '
_0.4—_ 0——--_* |—‘—| =‘= |
C T R | I [ Lov v v T
0 5 10 15 0 5 10 15 20

20
q* (GeV?) g* (GeV?)
arxiv:1806.00636, submitted to Phys. Rev. D
The measured Az and F, show good agreement with the SM predictions within
the uncertainty.

No clear indication of new physics beyond the SM could be drawn from present
results.

. ZoATH AL KER E T A, 2EFKLEA
PAS was published for K5 A Ik I B
I K 3 #Pre—Approval %
B 14 Approval R &
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INT
C10p

["IATLAS

e {71 Belle_
7 0 CMS -
) [ LHCb"

J ] Al

NP
Co,

“For the firsttime, the NP
hypothesis is preferred over the SM

NP
Cou

by 5 0 in a general case when NP
can enter SM-like operators and
their chirally-flipped partners” [1]

ATLAS
cMs
15 LHCb
BR only
— all
ATLAS| 1.0 4 T 7~
71 Belle ] 2\ N\
cms N/ "\ A
77 LHCb 054 \ \+
O Al ge 0P N
&) + \ /
& / _A
0.0 T -
—0.5
\
-1.01
flavio w212\
-1.5 T T AN T T T T
2 3 —20 -15 -10 -05 00 05 10
ReCYP

15

Re Cy

. ATLAS
7N\ cMs
15 LHCb
/\ BR only
\ — all
1.0 4 Ny 1
r'/‘\ \ | Y
[ \ |\
(\ +\ \/
0.5 \ |
0.0 \\/ y
05
-1.01
flavio w212
-15 T T T T T
20 -15 -10 -05 00 05 1.0

ReC)P

“we confirm the presence of a sizeable

discrepancy between data and SM
predictions...The data can be

consistently described by new physics

in the form of a four-fermion contact

interaction...[2]

[1] J.High Energy Phys. 2018, 93.
Eur. Phys. J. C 77, 377 (2017).

(2]
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Summary -

TLAS and CMS are producing high
quality HF physics results

+ Hadron production and polarization
+ Spectroscopy and exotic states
+ B decay property and angular analyses

Many new HF results are released

+ Excellent commissioning and performance
+ More to come from Run-ll data

Chinese groups are actively contributing
+ Welcome to join
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Events/ 7 MeV

ATLAS/CMS: 13TeV HF perfor
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U rest frame

K™ rest frame
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Complex fitting for precision measurement
With complex physics constraints
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Candidates / 5 MeV

X(3872)

J/yr*n candidates / 4 MeV
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