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Outline

> Pre-study with BEST data
> R measurements at BESII

6 points test run
85 points fine scan
3 points high statistics data

other approaches

> R scans at BESITII
4 points test run
104 points in 3.85-4.6 GeV
22 points in 2.0-3.08 GeV

> QCD studies at BESII, BESIII
» Summary
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Number of quark colors

* Ris one of the most fundamental quantities in particle
physics that directly reflect the flavor and color of quarks.

* Directly test quark model & QCD, and discover new particles.
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R: from threshold to Z
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Measurement of R Values

1 N —Nbg

had

R = :
L-¢ ., -(1+)

M+ =

N,.4: Observed hadronic events

Np,g:

L:  integrated luminosity

background events

€haq: detection efficiency for N, 4

O: radiative correction factor

G, can be precisely calculated(QED). Measurement of R
is to measure the total o(ete'—>hadrons)

Except for controlling each item to the precision requested,

stable long term machine and detector performance is crucial.
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Starting R measurement at BES...

Prof. Zhipeng Zheng and Jin Li initiated the important
study in 1995, Zhengguo started investigation in ETHZ;

Initial members were Prof. Shengtian Xue, Dr. Haiming
Hu, Xinhua Li, Ms. Xiangrong Qi in IHEP;

Prof. Zhengguo Zhao formally came back to lead the
effort in 1997;

More helpers joined: Mr. Guangshun Huang, Dr.
Jiangchuan Chen, Mr. Zhiyong Wang, Zhongchao Li, Lei
Zhang, Wenbiao Yan, ...;

Key partner Hawaii group: Prof. Fred Harris, Mr. Derrick
Kong

Effort by whole BES Collaboration and IHEP support!



R values near tt threshold

* Pre-study, using BESI tau mass data, 12 points
around 3.55 GeV, uncertainties ~8.5%

e HEP&NP (—CPC) 24, 609 (2000), in Chinese
* Ms. Xiangrong Qi’s Ph.D thesis
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First R scan at BESII

* Test runin 1998, 6 continuum pointsin 2.6 ~5.0
GeV, uncertainties (7~10)%

3 4
Ecm {GeV)

* PRL84, 594 (2000)
* Mr. Guangshun Huang’s Ph.D thesis
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Finer R scan at BESI|

* Full scanin 1999, 85 points in 2~4.8 GeV, 4.6 pb
in total, uncertalntles (5~12)%

R Value

4 5
Ecm (GeV)

R Value

| }mk{;ﬁm&@iﬁﬁl i

Ecm {Ge‘v’)

 PRL88, 101802 (2002)
* Mr. Derrick Kong/Zhiyong Wang’s Ph.D thesis
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R Scans at BESII

* 6+ 85 energy points, total ~5 pb™ data,
average uncertainty 6.6%

2019.9.6
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BESII R Measurement: A big Improvement
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4 5 6 T 8 9 10

Vs in GeV

AR/R ~6% between 2 and 5 GeV
Much clean structures in 3.7-5 GeV

Mark | results is removed from PDG
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Relative Contributions to the
Uncertainties of a, and Aa.(M;?)

Before BESII R scan
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Impact of BESII R to Higgs mass
Fsrom'SIVI fit:

6
- |\ s
| — 0.02804£0.00065 i —(0.02761+0.00036
- 0,02784:0.00026 - } =0.0273840.00020
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R Value

R around y(3770)

e Various R values, (4~5)%

uds(c)+y (3770) (Eem)

* Prof. Gang Rong’s great work
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Resonance structure measurement

* |nterference, phase, energy-dependent width included
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* PLB660, 315 (2008)
* Prof. Haiming Hu’s hard work
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Last Attempt at BESI|

* Large samples at 2.6, 3.07, 3.65 GeV just before
shutdown, ~10 pb!, uncertainties ~3.5%
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 PLB677, 239 (2009)
* Prof. Haiming Hu’s hard work
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Aa(M,?) and a: Status BESIII starting

Burkhardt, Pietrzyk 2011

TABLE 1. Contributions to Mgd(mi).

Range /5, GeV Aa Relative error
p(r'n) 0.00349 0.5%
Narrow resonances 0.00184 3.1%
.(5-2.0 0.00156 [5%
20-5.0 0.00371 5.0%
-7 0.00183 6%
T-12 0.00304 |.4%
>12 0.01203 0.2%
0.02750 1.2%

/
Still the 2"d largest one.
2019.9.6
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DT Charm
- ¢ BES, Phys. Rev. Lett. 84, (2000)594
- 2}'6.6% baryons
4.5 |- * BES, Phys. Rev. Lett. 88, (2002)10180
- ® BES, Phys. Lett. B677, (2009)239 3 59
4 -
3.5 |
3 [ Y(2175)?
25 o1 ,ﬂﬁu il
i | | ki l ) ¢ . l | | 32;
> :_Jr | $ 0 t te ¢ % +++ i
: v l
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* Phase I: pre-study, to extend?

Machine study at 2.0, 2.5 and 4.2(4.6) GeV, MC tuning, ...
* Phase Il: scan continuum region,
15 points in 2.0-3.6 GeV, step 100 MeV, 100k+ hadrons<3 GeV.
*Phase Ill: scan resonance region,
~100 points in 3.8—4.6 GeV, 100k events, step 2, 5,10, 20 MeV.
(108 hadrons at 4040, 4160, 4415 for radiative decay search?)

2019.9.6 G.S. Huang: R-QCD BES30 19



First R-QCD Run at BESIII

BESIII collected data at 2.23, 2.4, 2.8 and 3.4
GeV during June 8-16, 2012;

Total integrated luminosity ~12 pb;

Useful information for machine at low energy;
Essential for MC generator tuning;

Necessary to establish analysis chain;

Excellent results on baryon form factors,
threshold effect of baryon pair production, ...
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RScanin 3.8-4.6 GeV

* Data takenin 2013.12.9 — 2014.1.24;
* 104 energy points in total, ~800 pb;

* >100k hadronic events each points.
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Low energy run in 2.0 — 3.08 GeV
e Data takenin 2014.12.30 — 2015.6.16;
» 22 points, ~650 pb;
* Unique sample in the energy range.

BESIII 2015 * BESII 2014
BESII 2012 ® BESII 2011

SND (2011 + 2012) —=— BES (1999 + 2004)

— FENICE (1991 + 1993) —=— DM2 (1984)
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R measurement at BESII|
* Analysis ongoing. Goal: 3% precision;

* Key issue: MC generator:

v" Inclusive (LUARLW)
v" known exclusives (ConExc) + inclusive (LUARLW)

e BESIH (ongoing)
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QCD studies at BESII

* |nclusive momentum spectra and charged
multiplicity distributions
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 PRD69, 072002 (2004), first QCD paper at BES
e Mr. Wenbiao Yan’s Ph.D thesis
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ete—>pp in [2.0,3.07] GeV |

QCD studies at BESI|

 Proton form factor from

e Statistics limited.

- PLB630, 14 (2005)
* Ms. Huihong Li’'s Ph.D thesis

2019.9.6

J5 (GeV) N L (nb~1)
2.0 373 458+ 14
2.2 29454 123.5+3.7
2.4 2422 61.0+1.6
2.5 5138 47.0£ 1.0
2.6 24+ 4.9 1351 424
2.7 212 71.6+2.1
2.8 2t22 89.0+ 1.8
2.9 0 94.0+2.6
3.0 47338 947422
3.07 913 2347 +59

G.S. Huang: R-QCD BES30
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pp—> e'e”
O CERN PS(1977)
A LEAR(1994)
O E760(1993)
* EB35(1999)
e‘e” —> pp
m DM1,/0CI(1879)
A DM2,/0CI(1983)
v FENICE(1994)

e BES

I

— fitting PQCD G(s)




Now, it’s turn of BESIII

e Large statistics make it possible for QCD

studies, example BB production near
threshold.

* Not possible to list all works in this talk...

ax
% ® BES L 84(2000)
= ® EBESS99, L 88(2002)101 80
o
O Gammaz
0 Markl
o pluto
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Proton form factor

e Based on 2012 test run data:

Phys. Rev. D91, 112004 (2015);

2.23 2.6
e Much precision better than BESII; 2.40 3.4
e First measurement of G;/G,, at BES, =50 >3
. . 3.05, 3.06, 3.08 60.7
consistent with BaBar. 3.40, 3.50, 3.55 233
e Ms. Xiaorong Zhou'’s Ph.D thesis 3-60,3.65, 3.67 63.0
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Measurement of Collins Effet

* Motivation: Input for SIDIS experiments to

extract spin-dependent parton distribution
without energy evolution

e Method: Probing azimuthal asymmetries of

di-hadron.
A6, ,24,2,)
. T Phys. Rev. Lett. 116, 042001 (2016
__ sin®6, F(Hi (z)H; (2,)/ My M) o ynon-zero asymmetries | |
1+ cos26 D! (z,)D] : - :
2 1 (20D (22) « growing with fractional energy z
0.2F Ay VS zl z. | - Ay g
0.15 & Ayc _— 1772 ; . 015 LT LA pt :
“I9F - A, prediction - [ = Ay, prediction .
0.1F =% Ay prediction L oL a3 % A prediction =
0.05 : :
0 e
6 = oBEEEE A -
(z1’zz)bin . 1
L ] | ] 1 1 ] Z
02 03 05 0902 03 05 09 Piises)

Dr. Yinghui Guan’s work

J £
0.2 0.3 0.5 0.9
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AA pair production near threshold

2
OpAp= 2T[02L B G2 (W?) Zero production cross section
W et expected at threshold. 2.2324
Vs | Lim | Nops [(1+0)]  o° Gl GeV, only 1 MeV above, shows

(GeV) |(pb~") (%) | Ao~ | (x107%) :
2.2324;] 263 |43L7| 129 </312i51ﬂ§‘> non-zero cross section, from 2
61.9+ 46755

+64 o .
2.23245| 263 |2246| 8.25( | 288496 modes. Coulomb interaction

2.2324, 305 £ 45750

2400 | 342 [45%7] 253 | IRETe=1s | 127£09+09  at quark level? Final state
2800 | 375 |8+3| 361 |14.8+524+1.9(41040.7240.26

3080 | 3073 [13+4| 245 |42+12+05 22010334014 interaction? Resonance effect?
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Phys. Rev. D 97, 032013 (2018), Dr. Xiaorong Zhou/Liang Yan’s work, thanks to Rinaldo Baldini.



A A, pair production near threshold

Non- zero cross sectlon aqaln !
/-\ 400?' T T E T T ‘ ‘_,

Q L ete’ = AQAC : i
~ [ «BESIldata : ]
© 300 =+ Belle data —
- —BESINfit :
PHSP model : —4

200 :_ «+++ Threshold j * i _:

100 * .

Uis6 457 458 459 46
Is (GeV)
|G /Gul

4.5745 1.14 + 0.14 £+ 0.07
4.5995 1.23 £ 0.05 £ 0.03
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plcosd, )

plcosd, )

Polarization in AA production

Table 1| Summary of the results

Parameters This work

Nature Physics (2019.5.6)

https://doi.org/10.1038/s41567-019-0494-8
Work by Jie, Ronggang , Andrzej et al.

Previous results

a, 0.461+0.006+0.007

Agp 424+06+05°

o 0.750 +£0.009 +0.004
a, —0.758 +0.010+0.007
@, —0.692+0.016+0.006
Acp —0.006+0.012 +0.007
Ty, 0913+ 0.028+0.012

0.469 +0.027 (ref. %)

0.642+0.013 (ref. )
—071+0.08 (ref. ©)

0.006 +0.021 (ref. )

described in the Methods.

Parameters: I+ A4 angular distribution parameter a, helicity phase A, asymmetry
parameters for thed - pr (o ), A 2 (o, ) and T » '’ (@) decays, CP asymmetry Az and
ratic Tpx . The first uncertainty is 1s.d. statistical, and the second is systematic, calculated as
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efer - KK-

» Signal well separated from bkgd;

p (GeV/c)

» Much better precision than BaBar;
» Confirmed 1/s rule of pQCD;

» Unknown structure around 2.23GeV.
» Phys. Rev. D 99, 032001 (2019). *
> Mr. Dong Liu’s Ph.D thesis [ E— X

5 050 ~ 0.14
c —e— BESII LY
b —o— BABAR 2013 - - o
0.4 s+ BABAR 2015 0.121~ —e— BESIII preliminary
& it K + —a=— BABAR result
* 0.1 fi
DT I\ _ it only BESIII result
03 y m =2.2313 £ 0.0052 GeV % + + with 1S > 2.38 GeV
- 0.08 .
- I =0.1468 £ 0.0119 GeV -
0.2 % NP 0.06] + kS 1[ +
B % 0.04]- + % + . ]L
-1
: 002 % bkt
E | :: |
2 2 2 2 4 2 6 28 3 3 2 OI_ | | | | | | | | | | | | | | | | | | | | | | |.#
s (GeV) 2 2.2 2.4 2.6 2.8 3

Vs (GeV)
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Phase angle between EW and strong

O, (1D)

102 3

10 =

W (GeV)

' —— data
it

= nrn ot

® = (-5+9.7)°, ® = (84.9 + 3.6)°/(—84.7 + 3.1)°, ®'= (-2 + 39)°

vee-s>pp
v ete o KTK-

* Phys. Lett. B 791, 375 (2019),

Dr. Yadi Wang’s work

Other ongoing analyses (efforts by Italian groups):

v e'e > KK and K,K*
v e*te—> A A and %0



ISR physics

Hadronic vacuum polarization a ™"

| -
a™ = el { A5 K($) 000 (9
> e >t
KoK v Phys. Lett. B753, 629 (2016)
K > ete > atand
v' BAM-206
> ete > ntna’nl(n0)
v’ tagged & untagged analysis
v BAM-271
> ee o>pp
v tagged: BAM-230
v untaged: PRD 99, 092002 (2019)
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2000

Mr. Benedikt Kloss’s Ph.D thesis

ISR efe»n™
* |mportant input to (g- 2) PLB 753, 629 (2016).
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By-products of ISR e*e-—»r*n study

* Using the background process ete™ > L Y cr
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KLOE 2015 7000
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BESIII 5000
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Uil
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events / 4 MeV/c?
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102 10 1( 31
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Dark photon search in [1.5, 3.4] GeV The electronic width of J/y
Phys. Lett. B774, 252 (2017) Phys. Lett. B761, 98 (2016)

Mr. Benedikt Kloss’s Ph.D thesis
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ISR e*e” — p p (proton form factor)

) \éﬁ untagged analysis
PRD 99, 092002 (2019)

et (@) Dr. Alaa Dbeyssi’s work
ISR method
0.45
= a BESIII (this work)
0.4F + BESII
= BABAR
0.35F > E835
— Fenice
0.3_— + PS170
- E760
. 025 DM
@ = DM2
S  o0.2F +» BES
= v CLEO
0.15F + ADONE73
0.1 —
0.05F
G:— |

q’[GeV /e
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2019.9.6

Summary

R measurements at BESI| were a great success: 5(+10) pb

— R values around 17 threshold using BESI data;

— Test run at 6 continuum points + 85 points scan in the full energy region.

R uncertainties in 2-5 GeV reduced to ~6% (improved by factor of 2~3);

— 3.5% precision reached at 3 energies with high statistics.

Hard efforts at BESIIl aiming for ~3% in 2-5 GeV: 1.5 fb™

— Test run at 4 points in the low energy region;
— A 104-point fine scan from 3.8 GeV to 4.6 GeV,;
— Data taken at 22 points between 2.0 GeV to 3.08 GeV.

Few QCD studies at BESII due to limited data;

Fruitful results on QCD studies at BESIII.

G.S. Huang: R-QCD BES30
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