Overview of UPC

Tomas Herman
Czech Technical University in Prague

Faculty of Nuclear Sciences and Physical Engineering

Treti miniworkshop difrakce a ultraperiferalnich srazek

16.09.2020
Dé&Cin

ME ALICE




Proton structure %

ALICE

* The structure of proton in DIS is described by the
parton distribution functions xf (x, Q?)
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Proton structure %

ALICE
* The structure of proton in DIS is described by the o1 HLandZBUS
parton distribution functions xf (x, Q?) K} =10 GeV*
* In leading order, distribution function xf (x, Q2) can be 08 T uncortainties: .
- I experimental T
interpreted as the contribution of the given partons to the S parameterisation xu,

proton composition : HERATDERORG LD

* At low x the gluon distribution function is steeply rising

Eur.Phys.J. C75 (2015) no.12, 580
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Proton structure %

ALICE

* The number of gluons cannot grow indefinitely

* At some point they will recombine and split at the same rate

g g
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Proton structure %

ALICE

* The number of gluons cannot grow indefinitely

* At some point they will recombine and split at the same rate

g g

—> Saturation

* Predicted by pQCD, but not yet conclusively observed
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Nucleus structure %

ALICE

* Nucleus is not a simple sum of nucleons

F3'(x,Q%)
AFZnucleon (x’ Q 2)

R, (x, Q%) =
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Nucleus structure %

ALICE

* Nucleus is not a simple sum of nucleons

FZA (x, QZ) . —— EPSO9NLQ - HKNQ7 == nDS
AFZnucleon(x’ 02) ia 1.4 —
1.2 —
1.0 -
0.8
0.6
0.4
0.2 -

T IIIIIII| T IIIIIII| T IIIIIII| T T FTTT

R, (x, Q%) =

Eskola, Kari J. et al. arXiv:0906.2910
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Nucleus structure %

ALICE

* Nucleus is not a simple sum of nucleons

A 2 —— EPSO9NLO e HKNO7 =—=— nDS

le(x,Q ) + 1 | 4 [T
AanllC eon(x’Qz) . |

1.2

1.0 -

_ 0.8

—> Nuclear shadowing 0.6

0.4

0.2 -

Rf, (x, Q%) =

Eskola, Kari J. et al. arXiv:0906.2910

* No satisfactory description by pQCD
* Data is used to constraint models

* Atlow x: Rz (x,Q%) < 1

* Saturation is expected to be one of the contributions
* Saturation is expected to set in at higher x in nuclei w.r.t. nucleons e
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Photoproduction %

ALICE

* The proton and nucleus structure can be studied with photoproduction of J/iy in Pb-Pb/p collisions

Pb Pb

N/AU}

V
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Photoproduction %

ALICE
Photon emission
Pb Pp

e Photon flux intensity
e Proportional to Z2 E
e Maximum photon energy ,
e Given by the Pb ion Lorentz AT
boost / - -
Pb, p Pb, p
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ALICE

Photoproduction %

Ihp

e \ector meson
e Quantum numbers of y

e Perturbative calculations
e Large mass

e Clear experimental signal
e Large lepton branching ratios
e Small decay width

Pb, p Pb, p k j
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ALICE

Photoproduction %

Pb Pb
Photon target interaction

e InLO pQCD

e Cross section < gluon density squared ! RN
e \ector dominance model 3 -

e v fluctuates into a J/y
e Colour dipole model oy,

e y fluctuates into quark-antiquark dipole Ph Ph.»

\_ /
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Photoproduction
doypp| 16 T,m® , s
|, = Sagus, 2o (@00 0%)

Pb

Photon target interaction

e InLO pQCD
e Cross section « gluon density squared

e \/ector dominance model
e v fluctuates into a J/y

e Colour dipole model
e y fluctuates into quark-antiquark dipole

\_ J

Pb, p

M.G. Ryskin, Z.Phys. C57 (1993) 89-92

ALICE

Pb

J/y

V

Pb, p
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Ultra-peripheral collisions %

ALICE

* \We need to suppress hadronic interactions to measure photoproduction
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Ultra-peripheral collisions %

ALICE
* \We need to suppress hadronic interactions to measure photoproduction
—> Ultra-peripheral collisions R
T "N waa ¥
Y anVAVAVAVAYAY
: : —~ N\~
* Interactions at impact parameter b larger than the sum AV . b>R, +R,
of the radii of the colliding particles R; + R,, which VWWWWA-
L mmmmmmma 7 R S
involve at least one photon < :
R2

Tomas Herman Overview of UPC



ALICE

ALICE
* \We measure the J/i using its decay into pair of leptons in an otherwise empty detector:
* eTe” and p*u~ in the central barrel e a. 175 SPD (Pire)
= B 4 g b. ITS SDD (Drift)

L c. ITS SSD (Strip)
" d.Vvoand TO
e. FMD

e u*tu~ in the muon spectrometer

* For triggering and background suppression

e Detectors close to the beam line ® e e
B e &5 Ty

\‘\‘\ . '\) w i o

ITS - (B @@ 46 .

FMD, TO, VO - -~ ‘“'d i (>

TPC T —

TRD -

TOF {is)

HMPID

EMCal

DCal

. PHOS, CPV

10. L3 Magnet

11. Absorber

12. Muon Tracker

13. Muon Wall

14, Muon Trigger

15. Dipole Magnet

CONO N EWN -

@iasm 16, PMD
=2 m ik
at -20 m) Hat1 m 18 ZDC
19. ACORDE
H (at-09m) | (at34m): | : H :

- ;

| ; ; M ; H ; ; | ;
10 5 0 5 10 >

C-Side (-n) A-Side (+1) @
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ALICE

ALICE
* \We measure the J/i using its decay into pair of leptons in an otherwise empty detector:
* eTe” and u"u~ inthe central barrel T a 17 5PD (Piel)
. . b. ITS SDD (Drift)

| C. ITS SSD (Strip)
" d.Voand TO
e. FMD

e u*tu~ in the muon spectrometer

* For triggering and background suppression

* Detectors close to the beam line ® @

-

ITS

FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet

‘.“-"\ ] .' ‘.l “ 4 =
~ A
fie)

© 0N B N =

@iasm 16, PMD
=2 m ik

at -20 m) Hat1 m 18 ZDC

19. ACORDE
H (at-09m) | (at34m): | : H :

- ;

| ; ; M ; H ; ; | ;
10 5 0 5 10 >

C-Side (-n) A-Side (+1) Q
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ALICE

ALICE
* \We measure the J/i using its decay into pair of leptons in an otherwise empty detector:
* eTe” and u"u~ inthe central barrel T a 17 5PD (Piel)
. . b. ITS SDD (Drift)

L c. ITS SSD (Strip)
" d.Vvoand TO
e. FMD

e utu~ in the muon spectrometer

* For triggering and background suppression

* Detectors close to the beam line ® @

-

ITS
FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal
Dcal

. PHOS, CPV
10. L3 Magnet
11. Absorber

© 0N B N =

15. Dipole Magnet
@iasm 16, PMD
=2 m ik
at -20 m) Hat1 m 18 ZDC
19. ACORDE
H (at-09m) | (at34m): | : H :

- ;

| ; ; M ; H ; ; | ;
10 5 0 5 10 >

C-Side (-n) A-Side (+1) @
Tomas Herman Overview of UPC



ALICE

ALICE %

* \We measure the J/i using its decay into pair of leptons in an otherwise empty detector:

e ete” and utp~ in the central barrel

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
. C. ITS SSD (Strip)
" d.Voand TO

e. FMD

e utu~ in the muon spectrometer

* For triggering and background suppression

[ ) 18 17

ITS
FMD, TO, VO
TPC

TRD

TOF
HMPID
EMCal
DCal

. PHOS, CPV
10. L3 Magnet

WO B WM

19. ACORDE

o . P P
- 10 5 0 5 10 >

C-Side (-n) A-Side (+1) @
Tomas Herman Overview of UPC



ALICE

ALICE

* \We measure the J/i using its decay into pair of leptons in an otherwise empty detector:

e ete” and utp~ in the central barrel

a. ITS SPD (Pixel)
b. ITS SDD (Drift)

| ¢ ITS SSD (Strip)
" d.Vvoand TO
e. FMD

e utu~ in the muon spectrometer

* For triggering and background suppression

® %) a7

ITS
FMD, TO, VO
TPC

TRD

TOF
HMPID
EMCal
Dcal

. PHOS, CPV
10. L3 Magnet

WO B WM

19. ACORDE

o . P P
- 10 5 0 5 10 >

C-Side (-n) A-Side (+1) @
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Ultra-peripheral collisions - J/1 candidate

Central event

Forward event
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Analysis — Invariant mass fit %

ALICE
* The raw J/y yield and the feed-down contribution from ¢’
decays were extracted from the invariant mass spectrum o ALIGE, Pb_Pb (55, = 5.02 TeV
>6000"
E - UPC, Ly = 754 + 38 pb™
Lgsooo_— pr < 0.25 GeV/c
a I 4,00 < y < -2.50
€ 4000 Ny, = 21746 £ 190
g I N, =521+ 63
300 03_ %2/ dof = 1.37 (96.2/70)
2000~ S
1000 5
L
< S
- _|
0 |||\|| I T T T e i e e s Y <
2 25 3 3.5 4 4.5 5 5.5 6
m,, (GeV/c?)
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Analysis — Transverse momentum fit

* The raw J/y yield and the feed-down contribution from ¢’
decays were extracted from the invariant mass spectrum

* The coherent J/i contribution was determined from the py
spectrum

Tomas Herman Overview of UPC

ALICE

—
L

Counts per 25 MeV/c
=)

ALICE, Pb-Pb |5, = 5.02 TeV

UPC, Ly = 754 £ 38 ub™
~4.00 < y <—2.50
2.85 < m,, <3.35 GeV/c?

« ALICE data
— Coherent J/y
— Incoherent J/y
— Incoherent J/y with nucleon dissociation
— Goherent J/y from y' decay
Incoherent J/y from y' decay
— Continuum yy — pu

1R b fl:m N

M 3

i S

(- g >

10 *+ M + %* z

Fo itttk

- I‘i * + J
O R I 7
Dimuon p_ (GeV/c)




Analysis - Cross section %

ALICE

* The rapidity differential cross section for coherent J/i photoproduction is computed as

coh
doy, N(J/v)

dy (I+fi+/p)e(J/¥)BRI/y — ppt)€vetoLinAy
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Analysis - Cross section %

ALICE

* The rapidity differential cross section for coherent J/i photoproduction is computed as

h
dcf/ollf _ N(J/‘//)/

dy (I+fi+/p)e(J/¥)BRI/y — ppt)€vetoLinAy
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Analysis - Cross section %

ALICE

* The rapidity differential cross section for coherent J/i photoproduction is computed as

h
dcf/ollf _ N(J/‘V)/

dy (1+fi+ /p)e(J/¥)BRI/y — L) €veroLinAy
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Analysis - Cross section %

ALICE

* The rapidity differential cross section for coherent J/i photoproduction is computed as

h
de/Oq, _ N(J/‘V)/

dy (1+ fi+ /p)e(J/¥)BR(J/y — L) €vetoLinAy

Tomas Herman Overview of UPC



Analysis - Cross section

ALICE

* The rapidity differential cross section for coherent J/iy photoproduction is computed as

S
JY reconstruction

Raw J/y yield

efficiency
.

doyfy ﬁww/

dy (14 fi+ fo)e(J/w)BR(J/ W — L)€ etoLinAy

Decay channel

branching ratio
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Analysis - Cross section

ALICE

* The rapidity differential cross section for coherent J/iy photoproduction is computed as

N

JY reconstruction

efficiency Raw J/y yield

&

doyfy ﬁu/w/

dy (14 fi+ fo)e(J/w)BR(J/ W — ppt)€eioLinAy

Decay channel Veto

branching ratio efficiency

"
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Analysis - Cross section

ALICE

* The rapidity differential cross section for coherent J/iy photoproduction is computed as

)
JAp reconstruction :
efficiency Raw J/y yield
G
dGCOh /
v _ N({/y)

dy (14 fi+ fo)e(J/w)BR(J/ W — ppt)€etoLinAy

L)

Decay channel Veto Integrated

branching ratio efficiency luminosity

. .
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Analysis - Cross section

ALICE

* The rapidity differential cross section for coherent J/iy photoproduction is computed as

)
JAp reconstruction :
efficiency Raw J/p yield
G
dGCOh )-/
v _ N({/y)

dy (1+fi+/p)e(J/y)BR(J/y — uu

L)

Decay channel Veto Integrated Rapidity

branching ratio efficiency luminosity Interval size

" <
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Analysis - Bjorken x

ALICE

Photon-target
Cross section

dopppp (V)
dy

— Ny (y)o-be ()

Pb Pb
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Analysis - Bjorken x
ALICE

Photon-target
~ Cross section

= Ny (")6yeb @) + Ny (—=¥)ypb(=¥)

dopppp (V)
dy
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Analysis - Bjorken x

ALICE
Photon-target
~ Cross section

dopppp (V)
dy = Ny(y)o-be (y) + Ny(_y)'LO-VPb(_y)J
+ At mid rapidity o
* Both contributions are same W
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Analysis - Bjorken x
ALICE

Photon-target
~ Cross section

— NY (y) OyPb (y) + Ny (_Y)'[O-be (_y)J

dopppp (V)
dy

* At mid rapidity

e Both contributions are same

* At forward rapidity

e Contributions are different

Low E photon High E photon Low x gluons
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Analysis - Cross section %

, ALICE
—7 p
.g B ALICE Pb+Pb — Pb+Pb+J/y  |s=5.02 TeV .-
=~ _F [=] ALICE coherent Jiy
> B— Y .

O L ---- Impulse approximation L7
B [ - STARLIGHT
O - —— EPS09LO (GKZ)
S L. LTA(GK2)
- ---- GG-HS (CCK)
. — — IPsat (LM)
4~ — . BGK-I(LS) g - s
- - IIMBG(@GM) _--
2F- )

‘‘‘‘‘
e

~60%:x=0.7- 102

~095%:x =3.3-10"2

= 5%x=1110_5 | | | | I | | | | | | | | | | | | | | ~4O%x=5110_5
42 4 -38 -36 -34 -32 -3 28 26 24 22
ALICE. arXiv:1904.06272. y
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Analysis - Cross section %

ALICE

ALICE Pb+Pb — Pb+Pb+J/y |sy=5.02TeV .-~

[+ ] ALICE coherent J/y

- - - - Impulse approximation
memen STARLIGHT

—— EPS09 LO (GKZ)
- LTA (GKZ)

- --- GG-HS (CCK)

— — |Psat (LM)

Work In progress )
e e e

Trying to disentangle the two
contributions using EMD 3

= =

I\ll|||||||||\INI[IIII|III\

= =

‘‘‘‘‘
e

~60%:x=0.7- 102

~95%: x = 3.3 - 1072
~ 5%:x=1.1'10_5 R e ~40%:x=5.1'10_5

42 4 -38 36 34 32 -3 28 26 24 22
ALICE. arXiv:1904.06272.

y
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Analysis - Cross section

do/dy (mb)

I\ll|||||||||\|\|[IIII|III\

7

ALICE Pb+Pb — Pb+Pb+J/y |sy=5.02TeV .-~

[+ ] ALICE coherent J/y

- - - - Impulse approximation
SIS STARLIGHT

—— EPS09 LO (GKZ)
- LTA (GKZ)
---- GG-HS (CCK)
— — |Psat (LM)
— - BGK-I (LS)
—m IIM BG (GM)

-,
-
.
- Lo
- =
- ~o 7
- -
- 500
-, 0
- T .
. B
- P L
- = .
- . —
- PRRd
- iy
- Lt
- .-
-, LT
- o 5
. .-
-

—————
——————

‘‘‘‘‘
e

~095%:x =3.3-10"2

~ 5%:x=1.1-10">

42 4 -38 36 34 32 -3 28 26 24 22

ALICE. arXiv:1904.06272.

y

* The impulse approximation without any nuclear effects is rejected by the data

~60%:x=0.7- 102

~40%:x=5.1-10"">

ALICE

Tomas Herman
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Analysis - Cross section

do/dy (mb)

ALICE

7: ALICE Pb+Pb — Pb+Pb+J/y  |sy =5.02TeV .-~
~ [ ] ALICE coherent J/y ’
6__ - - - - Impulse approximation
T ------ STARLIGHT
- —— EPS09 LO (GKZ)
S5 L. LTA(GKZ) P
- ---- GG-HS (CCK)
. — — IPsat (LM)
4— . BGKI(LS) g - ]
- —.— IIMBG (GM)
3 =]

‘‘‘‘‘
e

~095%:x =3.3-10"2

~ 5%:x=1.1-10">

~60%:x=0.7- 102

~40%:x=5.1-10"">

-38 36 34 32 -3 28 26 24
ALICE. arXiv:1904.06272.

2.2

y

* The impulse approximation without any nuclear effects is rejected by the data ——>» nuclear shadowing

Tomas Herman
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Analysis - Cross section

do/dy (mb)

ALICE

7: ALICE Pb+Pb — Pb+Pb+J/y |5, =5.02TeV .-~
~ [ ] ALICE coherent J/y ’
6__ - - - - Impulse approximation
- ------ STARLIGHT
- —— EPS09 LO (GKZ2)
S5 L. LTA(GKZ) P
- ---- GG-HS (CCK)
. — — IPsat (LM)
4— — . BGK(LS) g - -
- - IMBG(@GM) - « .
3 IR e I IS Bty

~095%:x =3.3-10"2

~ 5%:x=1.1-10">

~60%:x=0.7- 102

| ~40%: x=5.1-107°

207 Ll

LT e
T

0 | | | | | | | | | ‘ | | | | | | |
42 4 -38 36 34 -32 -3 -28 26 24

ALICE. arXiv:1904.06272.

2.2
y

* The impulse approximation without any nuclear effects is rejected by the data ——>» nuclear shadowing

* Models based on the colour dipole model with saturation are best at describing the data
* |Psat (LM), BGK-I (LS)

Tomas Herman
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Outlook %

ALICE

* Lot of work in progress or soon to be published

* Today you will hear more about:
* Coherent J/i production at midrapidity
* Incoherent cross section
* Efficiency loss in Pb-Pb due to EMD

* Recent results on coherent rho production

* In Run 3 there will be new detectors (MFT, FDD, new ITS) and much more data
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Outlook %

ALICE

* Lot of work in progress or soon to be published

* Today you will hear more about:
* Coherent J/i production at midrapidity
* Incoherent cross section
* Efficiency loss in Pb-Pb due to EMD

* Recent results on coherent rho production

* In Run 3 there will be new detectors (MFT, FDD, new ITS) and much more data

—> Many new possibilities for us to look into!
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ALICE

Thank you for your attention!
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ALICE

Backup
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Triggers analysed %

ALICE

e CMUP10-B-NOPF-MUFAST =10VBA & 0UBA & 10UBC & OMSL
e CMUP11-B-NOPF-MUFAST = 10VBA & I0UBA & '10UBC & OMUL

* The two triggers were merged by offline requirement of OMUL for all events, which is the unlike
sign di-muon over low pT threshold in muon trigger.
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Trigger inputs %

ALICE

* OVBA =signal in VOA in beam-beam timing

* 0VBC =signal in VOC in beam-beam timing

* QUBA =signal in ADA in beam-beam timing

* QUBC =signal in ADC in beam-beam timing

* OMSL = single muon over low pT threshold in muon trigger

* OMUL = unlike sign di-muon over low pT threshold in muon trigger

* OMLL = like sign di-muon over low pT threshold in muon trigger
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ALICE Pb-Pb UPC at forward rapidity at \/Syn = 2.76 TeV =~ (©)

ALICE
Pb+Pb— Pb+Pb+JAy y§, =2.76 TeV Pb+Pb — Pb+Pb+J/y ys\=2.76 TeV
c\f]—"\ [ | I 1 1 I | 1 1 1 I | 1 1 1 I | 1 I 1 I I ] — — T T T I T T T T I T T T T I T T T T I T T T T ] T T T T I T T T T I T T T —
L 40 —= § asE- ALICE -
© - ALICE = ) - 36<y<26
- = - C .
S 30 3.6<y<-2.6 < - A =
» = ] g 25 =1, 0 e Coherent JAy =
% 25— =] 0 - e INCoherent JAy 7
O - = L 205 B TPy Jiy fromy’ decays E
T 20 - i = : L\ y =
8 ] 2 s S Y S P =
9 151 - C C . -
g - - S 10_ -
2 108 = 2 = s L | :
£ F - 2 e == . E
5 = = o b __'I__I_"l'"~—4=' 1 |3
- :'H: -l— 5 0:----#"':""7"'f"f".".;""."'"!--.--:'.'..‘.'..L.::.':.'::L'L"r'v-_i-m...i..——| L T
O—————— — 35 et i 15 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
M,..- (GeV/c?) Dimuon p_(GeV/c)
* Integrated luminosity of about 55 ub! Phys. Lett. B 718 (2013) 12731283
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Analysis - Photoproduction %

ALICE

donoN = Tonon (+) [Gyeb (+37)] + onon (=) [Gypb (=) |

Measured Unksr;?:\t/\i/cr)]ncsmss
* There are both contributions
* Two unknown variables
‘ [} ° )
« One equation x Can‘t be distinguished
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Analysis - Photoproduction with neutron emission %
ALICE

* Possible solution!

Pb Pb * Independent soft electromagnetic
Interactions

Y . Jhy N
* Excitation of the outgoing lead ion

* Emits forward neutrons upon

de-excitation
....... | ‘1
t Pb \

Pb

* This can be measured and used to differentiate the high x and low x contribution!
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Analysis - Photoproduction with neutron emission %

ALICE
doNoN |= onoN () Ube("')’) + nonon (—Y) OyPb (—y)
ooNxN = Nonxn (+Y) OyPb (+3) + nonxn (—Y) Ube(—)’)

—

Exctracted cross
Measured

sections

ALICE Performance 31/03/2016

Events / (25)

Pb-Pb at \[s, = 5.02 TeV

UPC Sample
* There are both contributions

10°E
* Two unknown variables E+
1 1 1 107
+ Two equations } / Can be distinguished ™
L

1 1 1 1 :l : 1 I 1 " 1 1 1 I 1 1
-200 0 200 400 600

1 I 1 1 1 l 1 1 1
800 1000 1200
ZNC energy (a.u.)
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