AL

Qg™ SOUTH CHINA NORMAL UNIVERSITY

Central exclusive production of
quarkonium at LHCb

Xiaolin Wang
South China Normal University

SBPUELHCORL YR
2024F7H298 RE

Xiaolin Wang
xiaolin.wang@cern.ch

2024/7/29 Xiaolin Wang(SCNU)


mailto:xiaolin.wang@cern.ch

» Ultra-Peripheral Collisions(UPCs): \?\ / /

- Two incoming nuclei bypass each other with an impact “
parameter greater than the sum of their radii. =~ [ "-':JJJC"\""'/' """
. . . . . . b R . NSNS \ /
- Reactions in which two ions interact via >ha / H\W /
their cloud of semi-real photons. sz f.‘.---.".’:’:’:....._g, _____
Z
- The photon-induced interactions are enhanced by the strong ,
electromagnetic field of the nucleus. / / 1\
- Photon-induced quarkonium production:
_ . . A— »A A > A
A qq loop created by the photon interaction R .(77 X
with a pair of gluon exchange (pomeron) / (& c Jhp : K* ;
to produce a quarkonium(cc, bb). = ,, -
- Non-resonant background: yy— u*u~. A 3 »A A ol »A
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J/y production in UPC %l‘a

» Coherent J/y production, photon interacts with a pomeron emitted by the entire nucleus.
» Incoherent J/y production, the photon interacts with a pomeron emitted from a single nucleon within the
target nucleus.

» J/y from the feed-down of coherent and incoherent y(2S) production.

» Study of coherent charmonium production could

constrain the gluon Parton Distribution Functions in Pb Pb Pb Pb
nuclei. Y / |

» The ratio of J/y and y(2S) is helpful to constrain the I » "
choice of the vector meson wave function in dipole pil P
scattering models. [e.g. PLB 772 (2017) 832; PRC S : b b py
(2011) 011902]

Coherent J/y production Incoherent J/y production
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LHCDb Detector

RICH detectors .
: Calorimeters
K, m, p separation
e(K »K) ~95% Energy measurement
1 mis-ID e(mt = K) ~ 5% e /v identification
> L.HCb detector is a oy
single-arm forward Vertex Detector SRS

Spectrometer fully Reconstruct vertices

Decay time resolution: 45 fs

instrumented in Impact parameter resolution: 20 um
unique kinematic
coverage: 2<n<5.

» A high precision detector with
excellent particle identification,
precise vertex and track
reconstruction.

Diploe Magnet

) Muon system
Bending power: 4 Tm

Tracking system
M g }1, " i identification
omentum resolution (= 1) ~97%

Int. J. Mod. Phys. A 30, 1530022 (2015 Ap/p = 0.5%-1.0% o i) ~ 130
[ y ( )] (5 GeV/e-100GeV/c) mis-ID e(mt —» p) ~ 1-3%
2024/7/29 Xiaolin Wang(SCNU) 4




Event selection

> Dataset: Jiy — utu~ and y(2S) — utu~ events from PbPb collisions at /s = 5.02TeV taken
in 2018 with luminosity 228 4+ 10 ub™1.

» Differential cross-sections of coherent J/y and y(2S) photon-production are measured as:

coh coh
do _ Ny
dz L X et X B(p— putp=) x Az
» Event selection: s e

61mm

poOMM 20
/ Cut-out
\ ~108x230mm
\
\ N7, "N
\\ Y
off

* HeRSCheL detector is used to further purify

the selection. 501g yiNST 13 P04017]
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* only two long tracks reconstructed for muons,
with acceptance cuts:

+ +
2.0 <Nt < 4.5, p5 > 700MeV,
P < 1GeV, |Ady+,-| > 0.9m
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Signal extraction

JHEP 06 (2023) 146

» Signal extraction stepl: Charmonium

LHCb

yields are extracted from dimuon massfit.
PbPb {5y = 5.02 TeV

20< y*<45

4 Data
—Fit
--J/y

- y(25)
2% Background

*  Double-sided crystal ball function for
the J/y and y(2S) yields.

*  Exponential function for the non-
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https://link.springer.com/article/10.1007/jhep06(2023)146

Signal extraction

JHEP 06 (2023) 146

~ I A A L ] ~ 1

a0 - . S 200 F

Tiooof LHCD o & 200F LHCb

S [ POPb {5, =5.02TeV . N 180 PbPb {5y, = 5.02 TeV
) - 2.0< y*¥<4.5 : o 160F 20< y*<45

O 800 o &) =

~ N ] < 140F

'E o + Data B E 120 :_ + Data

wn 600 — o -

e\ r Fit ] = 100F —Fi

— - = === Coherent J/y 4 N C

N 400~ = = Incoherent J/y ] ~ 80 :_ - - =+ Coherent y(25)

: C i ﬁ 60 :_ — = Incoherent y(2S) 4
»n L e w(2S) > Jy+X J' ] [en] -

E 200 __ ...... Non-reson. __ q>) 40 :_ - Non-reson.
S ] B 20F

m 0 I"|'-l" 0- . - L

-15 -10 -15 -10

-5 0 -5 0
In(p:?) (In(GeV%/c?)) In(p:?) (In(GeV?%/c?))
> Signal extraction step2: Coherent component is extracted from a In(p?) fit,

» All signal pdfs are estimated using the STARLight generator and the LHCb detector simulation.

» The shape of background taken from the side-band method, then the normalization is fixed from
mass fit.
2024/7/29 Xiaolin Wang(SCNU) 7



https://starlight.hepforge.org/
https://link.springer.com/article/10.1007/jhep06(2023)146

Cross-sections 1n rapidity

JHEP 06 (2023) 146

> The most preCiSC coherent J/\|/ 0.5 [T T [ rr T T 1T
production measurement in PbPb 6.0 Igli?i/s_ Ty
UPC in forward rapidity to date. gg : Coherent NJ% production
o' YV E Luminosity unc. : 4.4%
> The high precision LHCb data are 4.5 E

of great value in theoretical * ;lg |
model fine-tuning. T 3oBE
~_ O.
> <25
Compare to most recent S 2.0
theoretical calculations: O [ —
- p-QCD calculations: include new NLO 1
p-QCD calculation PDF uncert. and 0.5 y E
factorization scale uncert. 0.0 S S T
- Color-dipole models: draw different 0 1 2 3 4 *5
. . . GKSZ: PRC 93 (2016) 055206, PRC 95 (2017) 025204,
model tuning options as theoretical FEGLP: PRC 106 (2022) 035202, Yy
1911 GMMNS: PRD 96 (2017) 094027, EPJC 40 (2005) 519,
variations. MSL: PLB 772 (2017) 832, PoS DIS2014 (2014) 069,
KKNP: PRD 107 (2023) 054005
CCK: PRC 97 (2018) 024901
2024/7/29

Xiaolin Wang(SCNU)

® data
stat. unc.

[ Isyst. unc.

=== STARIight
LO pQCD (GKSZ):
W LTA
== 1 EPS09

nPDF unce.

NLO pQCD (FEGLP):
— P PS21

nPDF unce.

Scale variation

Colour-dipole:
--=- bCGC+BG (GMMNS)
--+- bCGC+GLC (GMMNS)
-~ IP-SAT+BG (GMMNS)
-—=- [P-SAT+GLC (GMMNS)
—--Is fluct. +BG (MSL)
—-—- No fluct. +BG (MSL)
—==-Is fluct. +GLC (MSL)
No fluct. +GLC (MSL)
--=- GBW+BT (KKNP)
-~ GBW+POW (KKNP)
---- KST+BT (KKNP)
-~ GG-hs+BG (KST)


https://link.springer.com/article/10.1007/jhep06(2023)146

» The first precise coherent y(2S)
production measurement in PbPb
UPC in forward rapidity at LHC.

» Compare to most recent
theoretical calculations of p-
QCD calculations and color-
dipole models.

GKSZ: PRC 93 (2016) 055206, PRC 95 (2017) 025204,
GMMNS: PRD 96 (2017) 094027, EPJC 40 (2005) 519,
MSL: PLB 772 (2017) 832, PoS DIS2014 (2014) 069,
KKNP: PRD 107 (2023) 054005

CCK: PRC 97 (2018) 024901

2024/7/29

Cross-sections 1n rapidity

JHEP 06 (2023) 146

1.5

LHCb

PbPb \/xx = 5.02 TeV

Coherent 1(2S) production
Luminosity unc. : 4.4%

0.0
0
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® data
stat. unc.

| C—Isyst. unc.

=== STARIight

LO pQCD (GKSZ):
B LTA
= EPS09

[T nPDF unce.

Colour-dipole:

—=- bCGC+BG (GMMNS)
- bCGC+GLC (GMMNS)
—-+— IP-SAT+BG (GMMNS)
-—— IP-SAT+GLC (GMMINS)

1 —=—Is fluct. +BG (MSL)

—-—- No fluct. +BG (MSL)
—=—Is fluct. +GLC (MSL)
No fluct. +GLC (MSL)
--=- GBW+BT (KKNP)
--+- GBW+POW (KKNP)
--=- KST+BT (KKNP)
-—+- GG-hs+BG (CCK)


https://link.springer.com/article/10.1007/jhep06(2023)146

Cross-sections 1n rapidity

> The first cross-section ratio

JHEP 06 (2023) 146

between coherent J/y and y(2S)

. g . 040 T T 1 [ rr 1 r 11 11T T T T3] © data
vs. rapidity measurement in - . stat. unc.
. g . 0.35 :_ _: [Tsyst. unc.
forward rapidity region at LHC. : LHCh ] —— STARNgn
» Compare to most recent 0.30 PbPb /sy = 5.02 TeV QD (R
i - > - Coherent 1(25)/J /1 production  J wm « EPS09
theoretical calculations of p-QCD =< (.95 F 3 colow-dipole:
. . o e J = bCGC+BG (GMMNS)
calculations and color-dipole < e 1 - bcac+are (@)
=0.20 == S e —| - IP-SAT+BG (GMMNS)
models. cc’\% s TR  -—-- IP-SAT+GLC (GMMNS)
5/ 0.15 u R o S S PR ] --—-No fluct. +BG (MSL)
. — —] --=- GBW+BT (KKNP)
@) - 4 -~- GBW+POW (KKNP)
GKSZ: PRC 93 (2016) 055206, PRC 95 (2017) 025204, e =
GMMNS: PRD 96 (2017) 094027, EPJC 40 (2005) 519, 0.10 E e = E%T}LEIT;&I;{?%)
MSL: PLB 772 (2017) 832, PoS DIS2014 (2014) 069, - \
KKNP: PRD 107 (2023) 054005 C Y
CCK: PRC 97 (2018) 024901 0.05 .
O OO : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 5
*
Y
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https://link.springer.com/article/10.1007/jhep06(2023)146
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Cross-sections 1 pr
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% 60 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 i /G | 1 T 1 1 | 1 1 T 1 T 1 1 1 [ T 1 1 1 | L] data
» . ~ n — i stat. unc.
; B - N > 75 / \\ —] CJsyst. unc.
o o0 7N LHCb - ¥ N ,/ \ LHCb 1 == STARIight
& F 1N PbPb /sy = 5.02 TeV ] S \\ POPh /e — 5,02 Tov 110 pqcD (G52
= wE / ,-;’/' . \ Coher*ent J /rw production E B 6.0 — II \  Coherent %(25) production 1 =i
= C / i N 2< y < 1 N E [ ] \ o< Yt < 4.5 E QOiQ?r}idipoleé .
.é. B fo 2 \k‘; Luminosity unc. : 4.4% ] 45 [/ I~ \\ Luminosity unc. : 4.4% I 532£.++13GG((1V?51),)
30 F T -\ - *, <L - \ ] -~ Is fluct. +GLC (MSL)
*g o Q y . ,_? -] i No fluct. +GLC (MSL)
= -l . =30kt ]
*5 20 F 11" / . % VI |
e} N i’/l ' ] ~_ :II :
~ ./ ] @\1 5H _
=10 E SO ]
S 57, : SN ]
= R S S 0.0 B BT ST B
< 0 A
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0;}5[(} V/O]QO
« pt [GeV/e
i [GeV/c] T

GKSZ: PRC 93 (2016) 055206, PRC 95 (2017) 025204,
MSL: PLB 772 (2017) 832, PoS DIS2014 (2014) 069,

» The first coherent J/y and y(2S) production measurement in py in PbPb UPC.

» Compare to most recent theoretical calculations of p-QCD calculations and color-dipole models.
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https://link.springer.com/article/10.1007/jhep06(2023)146

Compare with other results

JHEP 06 (2023) 146 6.5 pEEETTE T T3 —®—LHCb 208data
: : 6.0 BTy, LHCD e
» Comparison with the coherent 5.5 BTN, PbPb ,/snx = 5.02 TeV ¥ CMS data |
J/\ll production measurement ,3' 5.0 TS, LTI TR Coherent J/‘l;",’ produc(tion wemm STARIight
. I ekt PPt L TR TRN Luminosity unc. : 4.4% LO pQCD (GKSZ):
with LHCb 2015, ALICEand 'S 45 B RPN : 1
=1 et 0 ks B S3Sa> w— 1 EPS09
CMS reSUItS. ¥ 4.0 I nPDF unce.
35 , NLO pQCD (FEGLP):
- The J/y measurement is = 3.0 N o
. . ALY Scale variation
compatible with LHCb20135, 295 N2 Colour-dipole:
ALICE and CMS results. & 9 \\ g Eggg:gﬁé%ﬁﬁ%
'_8 1 '5 18 : ~+- IP-SAT+BG (GMMNS)
- hili ) JR628E e \ = IP-SAT+GLC (GMMNS)
The compatibility between the 10 E LHCb 2015: IHEPO7(2022)1 TN o e Is fluct, +BG (MSL)
new results and 2015 "2 E_ ALICE: [Phys Lett B798(2019)134926I PR AT e oo i)
measurement is about 20. 0.5 E cwms: [arXIV 2303. 16?8 =gy No fluct. +GLC (MSL)
O 0 | R e e | L1 11 L1 1 I L1 11 I L1 ;f -=- GBW+BT (KKNP)
: . - GBW+POW (KKNP
0 1 2 3 4 3 ek KST+—;3T (K}éNP) :
y* -+~ GG-hs+BG (CCK)
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https://link.springer.com/article/10.1007/jhep06(2023)146

ch

N\

Conclusion

» Measurements of exclusive coherent J/\y and y(2S) production and their cross-

section ratio in UPC PbPb collisions using 2018 dataset.
JHEP 06 (2023) 146

* The most precise coherent J/y production measurement in forward rapidity region in PbPb UPC to date.
* The first coherent y(2S) measurement in forward rapidity region in PbPb UPC at LHC.

*  The first measurement about coherent J/y and y(2S) production cross-sections vs. pr in PbPb UPC.

» The results are compatible with current theoretical predictions, providing
strong constraints for the fine-tuning of the different models.

> More results are ongoing: cc, bb, K¥K™, nm, ¢, etc...

. 2024/7/29 Xiaolin Wang(SCNU) 13


https://link.springer.com/article/10.1007/jhep06(2023)146

CEP collisions %

» Central Exclusive Production(CEP):
- p+p—=2>p+tX+p,incoming protons do not dissociate.
» Study of CEP of Y(nS) in the dimuon decay mode:

- The study of CEP Y(nS) is an essential tool to understand the low-x physics(down to 10~°) and
also to investigate the gluon PDF in this regime.

- The measurement of CEP Y(nS) = >
production could test Y(nS) wave yé P e
. TE 3
function models. I X
- Improve the accuracy on the previous
reported result. g % p-
JHEP 1509, 084 (2015) 8 P

. 7/29/24 Xiaolin Wang(SCNU) 14


https://link.springer.com/article/10.1007/JHEP09(2015)084

Observables and selections

» Datasets Variable Requirement
Geometrical acceptance selection
Table 2}1 $ummary of the integrated luminosity, list the good runs and bad runs separately, muon 7,+ 2.0< 1,7 <4.5
4.691f6~" in total. T
Selection cuts
nLongTracks =2
nVeloTracks =2
L 2016 2017 2018 dimuon py? < 2GeV
MagUp MagDown MagUp MagDown MagUp  MagDown Trigger Selection
L0 LOMuon, lowMult||LODiMuon, lowMult
L4 pb~1) 496 4+10 636 + 13 672+13 646+ 13 923+19 804 +16 HLT1 Hit1LowMultMuon
HLT2 Hlt2LowMultDiMuon
bad (pp—1
Lhad(pb=1) 44+4 59+6 58+ 6 87+9 115+11 152+15 PID Selection
Lo(pb~) 540411 695+14 730415 732415 103822 956+ 22 muplus_isMuon =1
muminus_isMuon =1

ProbNNmu*(1-ProbNNk)*(1-ProbNNpi) > 0.05
Herschel Selection

> Production cross-sections in 2 < y(Y(1,2,35)) < 4.5.

In(X’pre) < 5.5
» Differential cross-sections for Y(1,25): [2.0, 3.0], sum of HRC ADC hits 3, 5i<T50
Mass window Selection
[30, 35], [35, 45] my,+ (for mass fit) 9.0< myx < 10.8 GeV
my (for pry( ) fit) |m,= —myas)| < 100 MeV
my= (for pry(os) fit) |mx —my@s)| <120 MeV
dJT(nS) . NT(nS) my= (for prygss) fit) |mx — myas)| < 150 MeV

dy LI x gy x B(Y(nS)— ptp~) x Ay

7/29/24 Xiaolin Wang(SCNU) 15
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Invariant massfit S

< o T T T v v T § 7 ~120—F———7 71—
W N& 250:_ +4Data B N& E +Data :
% 200: pp2016+2017+2018 _gi(tm) ] % 100 - pp2016+2017+2018 —gi(‘ls) ]
_ . . : p= C Vsxn = 13 TeV - 1 = F Vsan = 13 TeV - .
Fit to Invariant mass sgectrum in I Yo yes S sof 20530 ve9 A
~ 150 F Background J — - Background
[9000, 10800] MeV /c PR 1 % ek :
- Double-sided Crystal Ball function for 3 100f 15 .
the mass peaks. 5 sof El b 14 +:

- Exponential function for the non-resonant oL L i i 0 b T LA
9000 9500 10000 10500 9000 9500 10000 10500
background. My (MeV/e?] My (MeV/e?]
° 1 + - <) 90 = T T T T T T T T T T T T T T T T T E <) 70 LT T T T T T T T T T T T T T T T T
wmmeYY*Hll 38@ +Data 3 Y : +Data
* part of inelastic pp bkg 2 oF pp2016+2017+2018 :51;15) E > 60F pp2016+2017+2018 :51;1 s E
S 3 Vsxn = 13 TeV Y(2s) ] = sob VSan = 13 TeV Y(25) E
N 60F 3.0<y<3.5 —-Y(@3S) 4 Q C 3.5<y<4.5 —-Y(@3S) 3
* Results of massfit @ Y | Bakgrond ] O 4oF Background ]
-~ 50 = = ~ o 3
Table 9: Total T(nS) and non-resonant background yields from the invariant mass fits in different § 40F 3 § 30E E
rapidity intervals. 3 E 3 E ]
3 F S 20k ;
I 1 Niot Niot Niot NbFg NPRg NPFg 5 20§ + 8 3
nterval 7(15) T(25) 7(35) 7(15) 7(28) 7(35) 10F i L) 108 %
20<y<45 532429 156+22 101+£19 187+28 170+24 178 +21 E e 4.*.;M)T$VL 17 E A B Y\
20<y<30 214+£17 544+12 36+13 67+16 63+13 69+£15 9000() 9500 10000 10500 9%00 9500 10000 10500
30<y<35 179+£17 54+13 3713 74+17 T70x14 T5+£15 My [MeV/c?] My [MeV/c?]

35<y<45 141+£15 45+10 29+8 43+14 3710 34+9

Figure 3: Invariant mass spectrum for the combined datasets of 2016, 2017, and 2018(black
LHCb-ANA-2021-059 dots) with offline selections applied.
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Y(1S) Inpt2fit 6%

, < _F LHCb Preliminary "1 = 2sF LHCD Preliminary =
. 5 . 2 501 pp2016,2017,and 2018 41 2 F pp2016,2017, and 2018 .
- Fit to Inp7 spectrum for Y(1S5) in 2 b w=13Tev 1 % b Gm=nTey E
[_10 1] MBVZ/CZ (\35 40 20545 . 9:5 F o 20<y<30 ]
2 — - . = - 4
: : L. Q30 e H 1 o Pp %o E
- Fix the shape of the signal Inp? distribution S [ =%, 1 S ofF Z% :
. ~ 20 — X, feeddown -1 - E — X, feeddown E
from Ofﬁclal MC. dg r —— Non-reson. + . é E —— Non-reson. N

, s s st |

- Fix the shape of the y,, feeddown Inp? Y bttt ] 2t
-10 =5 0 -10 -5 0
dlstr1but1.0n from ypo(3P) — Y(1S) + y by In(p,)? (In(GeV/c) In(p, ) (1n(GeV/e?)
SuperChic4.2 . - . ]
. . & ,<F. LHCb Prelimin 3 & 22F LHCb Prelimin L3
- Fix the shape of non-resonant bkg by side- 2 *} P 2016, 2017, and 018 ] & 2F wATm 08 E
E syy = 13 TeV . 18 Sy = 13 TeV =
band method, the norm. by massfit. S 2f g.oiysls } 7 & 16E 3@95 E
= F 1 B uf E
- Need to consider the inelastic pp bkg in the o Pp F> 1 9 g Fpe E
) r — 1 2 10 __ =
mass peak. S 10f X, exddown 1 > sF X, o 3
E E —— Non-reson. E 6 ;_ —— Non-reson. _;
Wterval  Nygs  Npgs  Nes 2 5 E Lﬂﬁ dﬁ A E
20<y<4b5 414+26 113+17 77+15 o btz i e
-10 - -10 -5

20<y<30 159+16 43+£10 31=£9
30<y<35 13115 42£10 30x£9
3o0<y<45 125+14 288 177

0
1n(pT)2 (In(GeV?/c?)

5 0
ln(pT)2 (In(GeV?/c?))
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. Efficiency and uncertainty

> The efficiencies in the analysis are:

Rapidity bins

» For 2018:

20<y<45

20<y <30

30<y<35

35<y<45b

Eaccept‘ance
€tracking
€trigger
E€selection
€pPID
€Herschel

0.449 £ 0.003
0.7626 £ 0.0003
0.7926 £ 0.0005
0.9885 £ 0.0001
0.9992 + 0.0000
0.85+0.01

0.389 £ 0.005
0.7794 £ 0.0006
0.7406 + 0.0008
0.9890 + 0.0002
0.9990 + 0.0001
0.85+0.01

0.739+0.011
0.7709 £+ 0.0007
0.7915 £ 0.0008
0.9881 + 0.0002
0.9991 + 0.0001
0.85+0.01

0.361 + 0.004
0.7335 £ 0.0007
0.8594 + 0.0008
0.9885 + 0.0002
0.9996 + 0.0000
0.85+0.01

€total

0.2278 £ 0.004

0.1886 £ 0.004

0.3784 £ 0.008

0.1911 + 0.004

» The sources of sys. uncertainty are:

2024/7/29

Table 11: Summary of the systematic uncertainties.

Source Relative uncertainty [%]
g7 (1S)
Tracking efficiency 0.04-0.1
Trigger efficiency 0.04-0.1
HERSCHEL efficiency 1.522
Non-resonant bkg. estimation 5.5
Feed-down Chib bkg. shape 8.05
Branching fraction 2.016
Luminosity 1.234

Xiaolin Wang
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> The prel | m | nary Y(]_S) CrOSS—SeCt|On Table 12: The differential cross-section for CEP 7°(1S)production as a function of y*.

35 T rrr 1 rrrrrrrr[rrr 111 1] Interval dag."(’}S)/dy* [pb] Uncertainties [pb]
5 . Stat. Syst. Lumi. Total
30 - ® data ] 20<y* <3 22.050 2.495 2239 0.272 3.364
C stat. unc. ] 3.0<y* <35 17.639 2.326 1.796 0.218 2.947
2o | H CJsyst. une. - 3 35 <y" <45 14.635 1.937 1483 0.181 2.446
e F H . 20<y* <45 44611 3.235 4.503 0.551 5.572
* » 3
%) 20 C pp /San = 13 TeV H ]
>1r [ CEP T(LS) production 3 Rapidity bins 20<y<45 20<y<30 30<y<35 35<y<45
e B Stat.unce(%) 7.251 11.316 13.187 13.234
P . Sys.unce(%) 10.094 10.154 10.182 10.133
o 10 — -] Branching.unce(%) 2.016 2.016 2.016 2.016
e - . Lumi.unce(%) 1.234 1.234 1.234 1.234
5 - -
O : 1 1 1 1 I 1 Ll 1 I 1 1 1 1 I 1 Ll 1 | 1 1 1 1 : NOW
0 1 2 3 4 5 doy(ns) B Nyns)
* =
Yy dy Etegtf ><I€tot,201sl>< B(T(nS)— ptp=) x Ay
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HeRSCheL deteCtOr [2018 JINST 13 P04017]

» HeRSCheL(High Rapidity Shower Counters for LHCDb), is a set of plastic scintillators located in
the LHC tunnel on both sides of the LHCb interaction point, in order to extend the pseudo-rapidity
coverage of the LHCb in the high-rapidity regions either side of the interaction point.

Hole radius

> HeRSCheL detector extends the T N 30 o
LHCb forward coverage up to a
pseudo-rapidity of around 10.

Cut-out
~108x230mm

» HeRSCheL detector is used to cut the
component with large momentum,
for example, the incoherent component.

Station F2
z=114.0m

. 2024/7/29 Xiaolin Wang(SCNU) 22



Cross-sections results

JHEP 06 (2023) 146

» Integrated cross-section and ratio (most precise measurements in the forward region at this
moment):

offy = 5.965 * 0.059(stat) + 0.232(syst) + 0.262(lumi) mb,
oihs) = 0.923 £ 0.086(stat) + 0.028(syst) + 0.040(lumi) mb,
05s)/0f0p = 0.155 + 0.014(stat) + 0.003(syst).

» Systematic uncertainties:

Source Relative uncertainty [%)]
o5 bs)
Tracking efficiency 0.5-2.0 0.5-2.0
PID efficiency 0.9-1.6 0.9-1.6
Trigger efficiency 2.7-3.7 2.1-2.5
HERSCHEL efficiency 1.4 1.4
Background estimation 1.2 12
Signal shape 0.04 0.04
Momentum resolution  0.9-34 1.3-27
Branching fraction 0.6 2.1
Luminosity 4.4 4.4

2024/7/29 Xiaolin Wang(SCNU) 23



https://link.springer.com/article/10.1007/jhep06(2023)146

Backgrounds under mass peak

b b p p
> > > >
§
a7
+ l—
...... Y‘(ns)
I P
= g
- - L -
b bp p
(a) Continuum ¢+¢~ (b) Exclusive Xpj (¢) Proton dissociation  (d) Gluon radiation

> Feed-down y,; — Yy decays

Xb0,1,2(1P):Xb0,1,2(ZP):)(DO,LZ(BP) - Y(1S)y, Xbo,1,2(2p)»)(b0,1,2(3p) - Y(2S)y, *  Example distribution in J /1 case
Xb0,1,2(3p) - Y(3S)y.

» Non-resonant production of u*u~
Can be determined from a fit to the dimuon invariant mass distribution.
> Inelastic interaction

Non-resonant part can be determined from a fit to the dimuon invariant
mass distribution.
Need to obtain the resonant part shape of inelastic pp bkg inside the
peak. LHCb-ANA-2021-059
2024/7/29 Xiaolin Wang 24
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https://gitlab.cern.ch/LHCb-QEE/CEP-Jpsi2ll-Psi2S2ll-13TeV/-/wikis/home

ch

N

[JHEP 1509 084(2015)]

60
7 and 8 TeV, using 2011 and 2012 datasets at LHCb. 2, we 1
For 2 < y(Y(nS)) < 4.5: “ © = NLO (110

o(pp — pYL(1S)p) = 9.0 2.1 + 1.7 pb,
o(pp — pY(25)p) = 1.3+ 0.8 +£0.3pb, and
o(pp — pY(3S)p) < 3.4pb at the 95% confidence level,

> CEP]/l/J and 1/)(25) usmg 2016 18 datasets

—— NLO (8TeV)

BN

%]
(=)

Differential cross-section (pb)
W
(=)

g

=) =
= (E s 2
2 = 8
S E F j: ERSIRY
? 6F > 4
E E N
s ERRE
& 4: E & 1 :5\
bz E = =
sls 3E 3 gzos s
E C— MrTIO E RS [C—] MRTLO _
2—|:| FMRT NLO 3 @ MRTNLO %
I LHCb (Vs = 13 TeV, 02 fb™) E 04 I LHCb (Vs = 13 TeV,02 fb™) ‘6’
IE_ k3 LHCb (5= 13 TeV, 45 fb™) E 0.2] LHCb (5 = 13 TeV, 4.5 fb™)
05 3 7 0" 3 i Gauss LC bCGC -
Jhy rapidity W(2S) rapidity g; 2000 ——
In review L LHCbrun 1 —— |
— 1
O Jppspt = (2 < Nutp— < 4.5) =4314+2+244+13pb, 10 ZEUS 1998/2009 ——

~ _ . ") 3
Gp(25yopt - (2 < iy < 45)=10.24+02+0.6+03pb, LHCb-ANA-2021-059 10 W (GeV) 10
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https://link.springer.com/article/10.1007/JHEP09(2015)084
https://gitlab.cern.ch/LHCb-QEE/CEP-Jpsi2ll-Psi2S2ll-13TeV/-/wikis/home

JIY, P(2S) Photo-production cross-section in CEP

J/p photon energy Invariant mass of the photon-proton system
ke = (My/2)etv W2 = 2ky+/s
External inputs f ,4 Photoproduction result from
, / | H1(HERA)
gap surviyor photqn flux | : \8
f f / I parametrization = a( )
dn dn 90 GeV
P Opp-pyp = T(Wy) (dk ) k+ayp—>¢p(w+) +r(W) <dk )k— Oy p-ypp (W)
JHEP11(2013)085
P—
‘ WA .
1 Jhy JL Jhy
W, Y, A
x| (X )
P P g

Tpp-pp (W) has contributions from photon coming from both forward and backward going
proton in CMS

* Goal: Extract 1 photoproduction cross — section @y, (W) from measured 6, pyp (W)
W2 = 2ky[s


https://doi.org/10.1007/JHEP11(2013)085
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