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Introduction

UPC:Theoretical and Experimental result

Photoproduction of Upsilon @ pPb UPC 5.02 TeV with CMS
CMS-FSQ-13-009, https://cds.cern.ch/record/2147428

Photoproduction of J/y @ PbPb UPC 2.76 TeV with CMS
Phys. Lett. B 772 (2017) 489

Light by Light Scattering @ PbPb UPC 5.02TeV with CMS

Conclusion
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The EM field of protons and ions at the LHC Note 2:

can be viewed as a beam of quasi real There are two potential sources,

photons correspondingly two potential targets.
Note3:

The photon is coherently emitted by
the source and its virtuality is restricted by
the radius of the emitting particle:

R { o~ h Q2= (hc/2mt R)?
1 o v from Pb: Q2= (30 MeV)?
........................ Y i nnnrnns ,.Yfrom p: sz (250 Mev)2

- — b
—
_—
Note 4:
]' R, — The flux of the equivalent photon beam is
b>R+R, H&PC proportional to 72
Note 5:
Note1 : The max energy of the photons in the lab system
Interactions at large impact IS de.termlned by the boost of the emitting
parameters (UPC) are of electromagnetic origin, particle
Interaction by cloud of photon, hadronic (Dmax=(yL/R)’ y=Lorentz boost
interactions are suppressed pr w__ = 950 GeV; Pb: w = 50 GeV
UPC Rev : A. J. Baltz et al. Phys. Rep. 458 (2008)1 | In Run2: larger energies possible
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e Photoproduction Is convolution o
> Photon flux
> Photonuclear cross-section
* Photoproduction of vector mesons (J/y, Y)
sensitive to the gluon density squared in
the nucleon (nucleus)
e Relation between Bjorken X, WYIO and rapidity y

X = (MV/WWJ)2 , WYPZ:Z E M, exp (ty)

Pb (p) Pb (p)

® Probe poorly known gluon distribution in the p (Pb) p (Pb)
Proton at low Bjorken x (10 to 10-?) and search
for saturation effects. M2

Q% =~ TV(ZAGeszor]/Lp,22.37GeV2forY)

(g g [P E
‘x region -~ e Q" =1.9 GeV" 1
-~ | *J/y, Y gives a fixed hard scale to
2 ,I = use pQCD calculations i
|12 @ * Rapidity dependence of the Y > F
i g g. gives the log (1/x) dependence /_12
$er * Run2 data will provide a larger 3
@ L reach in Iog(l@)
® _ -
log (Q?)
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Recent results

Cross section as a function of photon proton centre of mass energy
J/y photoproductiohO and NLO fit to H1 , ZEUS, LHCb, ALICE data

o TMPhys. 182 (2015)141 J/y HERA, LHCb _» PRL 113 (2014)232504 J/\y ALICE pr
£ ] ] BT aEe '
F B * ﬂc;werlaw tto ALICE data N
= - 4 . ZEUS S o
* - /-f’::?%?:f}'f Jly at LHC, {s=7 TeV j;_ T e < |
- /_/ - L T?:/ e G_fpﬁ\‘.p=1.5 « WOE ;_ » - }l‘ i pr @ 8.16 TeV
e v G—rp_,\u'pfrom eq.(6) ‘6' 10 :_ ’ %'.—,!r_".,f./ W'Yp> 1TeV_:
” U pvp= 10 logW) - - 1
10 = “:“- L{{‘E’bvgpso:)i4{£:igvizjutions] - ‘-:”:gﬂjﬁ “““ JMRT LO ]
= B LHCb930pb" (W solutions) Y. JMRT NLO
B « ZEUS38pb’ B= - — — b-Sat (eikonalized)
C «  ZEUS55pb’ - — - b-Sat (1-Pomeron)
- :1 ‘:’jopz;b STAF{LIGHT parameterlzatlon
' ' 6] . - (GeV)
i ] Y Photoproduction : LO and NLO fit to’
o wo.zé H1l , ZEUS, LHCb data
B, 107
v o) Y, HERA, LHCb, * i
[ L :r(wp — wp) — W ) o
L&,&; © oG (yp —> op) . 3t W : 91 - 826
U MW‘; =1 21 Gevat cMs pPb
o(vp = J/¥p) iy = ' LHCb sensitivity | @5 02 TeV
c c W™ g |
102k /¢°AJV i & LO
F oo : S 10°f NLO MW : 105 -1164
* HERMES o(yp —> ¥(2S)p) ' BG bCGC — 1 P
10—35_ o fixed target 12 Gauss LC bCGC —— | GeV at CMS
g - H1 2000 +—=— |
3 ol(‘)’P —> T(1S)p) ] 1 CMS Range o 2000 HH_pr @8.16 TeV
T R ) I A\ ZEUS 1998/2009 —— ]

P 03
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2> yPb reactions
~Coherent vector meson production
- Photons couple coherently to allmost all
nucleons, (o __ ~y/R)

- <p; >~ 1/R, ~ 60 MeV/c

rIncoherent photoproduction,
- Photon couples to a single nucleon
-<p; >~ 1/Rp ~ 500 MeV/c

> Columb nuclear dissociation with coherent
photoproduction

2 Coherent J/y photoproduction in PbPb is a .
promising probe to study the gluon PDF and 3’

nuclear shadowing at small Bjorken x ‘i’

o

o ooy Gal,Q7) =
RA(r.0?) = ZAWLLT) _ s

g (2,Q7) G, (2. OP) gluon shadowing factor§

HIN-12-009: http://cds.cern.ch/record/2154908
http://arxiv.org/abs/1605.06966v1
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do/dy (mb)

Recent results
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Pb+Pb — Pb+Pb+J/y |s,, =2.76 TeV a)

------ AB-MSTWO08

CSS
AB-HKNO7

—— — STARLIGHT

------ GM
LM-fIPSat

RSZ-LTA
AB-EPS08 .’

e ALICE Coherent J/y
O Reflected

. Eur Phys. J. C
.. 713 (2013)
,—.\x 2_617

..........
-

Pb+Pb — Pb+Pb+y(2S) \|s,=2.76 TeV

Data
uncert? = stat? + syst?

i

AN MSTWO08

= STARLIGHT No Nucl. Eff.

m—  STARLIGHT
— GDGM No Shadowing

$ésss, GZ EPS09

...... GZ LTA Strong Shad.
— - LM

AN EPS09

..... AN EPS08

GZ LTA Moderate Shad.

I
— GDGM Moderate Shad. ‘.r/

Models with:

. Impulse Approximation
. No Shadowing
. Moderate Shadowing

: RN Strong Shadowing
‘ .l

‘. Phys. Lett. B
~ 751 (2015)

lllll

arXiv:1710.03417

—~ 12
-g ALICE Preliminary Pb+Pb — Pb+Pb+J/y  |s,, =5.02 TeV
— [ ALICE data -.=— CGC (GM lIM BG)
% 10=--"-- Impulse approximation e ERITE T CGC (GM BCGC LC)
B — — STARLIGHT LT T CGC (LM IPsat)
ko] EPS09LO (GKZ) .~ .

gl LTA (GKZ) . .

» ALICE result consistent with
models which include
moderate shadowing of
gluons in nuclei.

 Models with strong nuclear
shadowing disfavoured



The CMS Experiment

Pb

(1.58TeV)
(1.38 TeV, 2.51 TeV)

Hadronic
Forward (HF)

140m

< (5.2 < [n| < 6.8)

(1.38 TeV
< 231 Tev)
Proton |
Hadronic (4TeV)
/ (3.0 <|n| <5.0)

140m

—-— -

(Inl > 8.1)

P

Central Detector
-Tracking
In| < 2.4, p, down to ~100 MeV

-Calorimetry In|< 3.0
-Muon Chambers [n|<2.4

(Il >8.1)

LHC Runs:

Forward detectors:
- HF, hadron forward calorimeter (11m from IP)
- BSC, beam scintillator counters (in front of HF)
- ZDC (zero degree calorimeter)

Pp 0.9, 2.76,7, 8, 13

3<In|<5 TeV
32<In|<47ppp 5.02 TeV, 8.16 TeV
ml>81 " phpp 2.76 TeV, 5.02 TeV




Exclusive upsilon photoproduction in pPb @ 5.02 TeV

CMS-PAS-FSQ-13-009,
https://cds.cern.ch/record/2147428



Exclusive upsilon photoproduction

5 : 1 CMS-FSQ-13-009
2013 pr data at 5.02 TeV with 32.6 nb https://cds.cern.ch/record/2147428

> Offline exclusive pPb - Y (yp) » u*u" signal selection

e Invariant mass (uw) : 9.1-10.6 GeV
e Opposite-sign uu pair (final state) originating from commom primary vertex
e No extra tracks at uu vertex to suppress non-exclusive background

« Single muon p_ : >3.3 GeV and |n|< 2.2 high muon finding efficiency
« Upsilon p_: 0.1-1 GeV to suppress QED and non-exclusive background
* Upsilon |y| < 2.2 high muon finding efficiency

~

pPb 32.6 nb™ (5.02 TeV
I

> oo "ews | 7T 7] Nupsien(1$) = 24367 ]

Q) 18 = Preliminary N(Upsilon(2S)) = 19.1 £ 6.3 =

8 . i (Anefc0.58 N(Upsilon(3S)) = 7.4 +4.9 E

o - 1 N(two-photon events) = 183 + 16 —

L2 14 —=

CICJ — -

|_|>J 12 — =

10 e [HH _:

8 e ] [} H% \ T T {

yae J 1 Vi \f%\ | l l E
ETT T e |

TR L LT H E

0:| I N N R R I | |“ '1./1':\ | x/{f\ T ol \ -
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2 Data compared to simulation (contains different contribution)
> Low p_: QED elastic background, estimated by STARLIGHT

> High p_: Non-exclusive background (DY+ incl. Y + p diss. yp) estimated from

30

data
pPb32.6 nb™ (5.02 Tev) Ll pPb 32.6 nb™' (5.02 TeV)

o =

% 10°5 CMS ) ga:ad_ back d S 70cCMs ) ga:ad_ back d

= i ata driven backgroun = C . ata driven backgroun

O, - Preliminary == QED elastic T go[ reimnary [T QED elastic

= 0L [ 1 v PbSTARLIGHT - [ 1 v PbSTARLIGHT

N = . I ¥ p STARLIGHT (signal) 50 I ¥ p STARLIGHT (signal)
: |

= 401

20

10
0 010203 040506070809 1 0 2 15 -1 05 0 05 1 15 2
P2 (GeV) y

Good agreement betweem data and MC
Number of signal events estimated by subtracting all background contributions.

CMS-FSQ-13-009
https://cds.cern.ch/record/2147428



The differential cross section
Is calculated according to

_ NV
LXA pi

dOY(nS)

dp;

.

N“”Yms) , the background

subtracted, unfolded and
acceptance corrected number of
upsilon (1S+2S+3S) events in
each p_? bin.

do/dt fitted with an exponential
function, provides the
information on the transverse
profile of the interaction region.

do/d|t| nb/(GeV)?

2

—_
o

107

CMS-FSQ-13-009
https://cds.cern.ch/record/2147

pPb 32.6 nb™ (5.02 TeV)

N CMS ¥2 / ndf 0.98/3
i Preﬁmr'nary Constant 29+ 0.45
Slope 45+ 17

— e+ Data
—— %2 minimization fit to data

b: 4.5 + 1.7 (stat.) £ 0.6 (syst.) GeV™

CMS Results

b= 4.5 + 1.7 (stat.) £ 0.6 (syst.) GeV™
Data is in agreement with ZEUS measurements

0.1 0.2 0.3 0.4 0.5 0.6 0.7
t| (GeV)?
ZEUS for Y(1S)
b =4.3+20 (stat)

-1.3

Phys.Lett.B 708 (2012) 14




Cross-section as a function

CMS-FSQ-13-009

2 The cross-section is https://cds.cern.ch/record/21474
estimated b
31/ Gy s 10t CMS Preliminary pPb 32.6 nb (5.02 TeV)
_ Y 1S — J__ I I I I I 1 | 1 1 | I I —
Oypavisn =T gy L S g <ivdvont :
= [~ —=—— H1 2000 (ep) i
> Rapidity distribution of %’ - e cusrn 5021y
Y(].S) Is used to o 10° R e — - Tt —:
estimate 6..(1S) vs W © - : ]
P TP - 4| Nl —— fiPsat ]
> The cross-section is —mas .
corrected for muonic 102 ---- bCGC-BG _
branching ratio, feed- - N ipe s
. o320 OICW, X171 GeV. 243< W, , <312 GeV 77 JMRT-NLO ]
dOWl".], upSIIOn (15) il 171< W, , <243 GeV  312< W, , <826 GeV —— Fit CMS: 5=0.96:0.43
fraction | —— Fit HERA+CMS+LHCb: _|
8=0.76+0.14
1 1 1 I 1 L 1 1 1 1 1 1 I 1
2 3
10 10 WTP (GeV)
A fit with power-law A X (W/400)° to the CMS
data
5= (0.96 + 0.43) , A = 655 + 196 ZEUS

d= 1.2 £ 0.8

Data compatible with power-law dependence Phys.Lett. B680 (2009) 4-12

of o(Wyp), disfavours LO pQCD predictions




Coherent J/y photoproduction in PbPb @ 2.76 TeV

HIN-12-009: http://cds.cern.ch/record/2154908
http://arxiv.org/abs/1605.06966v1

Phys. Lett. B 772 (2017) 489


http://cds.cern.ch/record/2154908

HIN-12-009: http://cds.cern.ch/record/2154908
Event Selection : http://arxiv.org/abs/1605.06966v1

2> UPC trigger: (i) at least one neutron in either ZDC and no activity in both side BSC

> Offline: No HF activity, Muon 1.2 < |n| < 2.4and 1.2 <p_< 1.8 GeV/c, p.m"m)<
1.0GeV, 2.6 <M (m™m’) < 3.5 GeV t Phys. Lett. B 772 (2017) 489

1807EPD 2 POrPbLIY (X,0) 15946 (276 Te) o R ROR D S ONIbH 17 6HN)

’>-\ 71T | T TT I T TT | |||||||| I T T1T | LI L I T 1T | T l_ > A
8 160:— CMS _: 8 140: + CMS —e— CMS data =
L _ LO = =

g C op (u'n) < 1.0 GeV 4 —-CMSdata I B AR s Coherent J/y i
g 140:_ 1.8 < ly(un)] < 2.3 . .‘ — vy & pt _: A 120: : : e Incoherent J/\If —:
£ 1201 : -- Total - 2 HEEE — -y >t :
@ C ; ] 03100_.___‘5 . iloial —
& 100 $ % = r {7 o g
801 ;G 3 80L: | :

C § F 1.8 < ly(up)| < 2.3 g

60:_ B 60 ! 2.6 < mutu) < 3.5 GeV ]

40p T E 4077 :
20__ *' 3 _ g | __+; ]

g * : 20 +4¢- Py 3
Eerss mﬁ*#-w—.—m-.—rﬁ..ﬁ.—fnﬁ?f*‘* Ee it i -f + i

26 27 28 29 3 3.1 32 33 34 35 5 5

OJQ203&40506Q7&8091
p, () [GeV]

oc.’

m(u ) [GeV]


http://cds.cern.ch/record/2154908

Nuclear break-up modes with UPC J/y

X 0_single-sided neutron emission with any number of neutrons
X X double-sided neutron emission with any number of neutrons
11 double-sided neutron emission with only one neutron on each side

J/wwith pr <015GeV/e X, X,/X,0, 1,1,/X,0,
Data 036+0.04 0.0340.01
STARLIGHT 0.37 ‘ 0.02
GSZ 0.32 0.02

HIN-12-009: http://cds.cern.ch/record/2154908
http://arxiv.org/abs/1605.06966v1
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Rapidity distribution of J/y

dﬂ’iﬂf&, N

coh

o PO+Pb — Pb+Pb+J/y 159 ub™' (2.76 TeV)

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
B —e— CMS data
BLCMS ——=— ALICE data

P Impulse approximation
Leading twist approximation -

> Coherent yield in X 0 mode
for p_<0.15 GeV/c

> Cross section for XnOn IS

scaled up to the total cross 6
section using STARLIGHT

do®" / dy [mb]

~J
IIII|IIII

Phys. Lett. B 772
(2017) 489

2> CMS and ALICE, show good 4= =
agreement with theoretical JF E
models which include - .
considerable nuclear gluon 2 -
shadowing : 1

. . IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
HIN-12-009: http://cds.cern.ch/record/215490 005 0 05 1 15 2 25 3 35

http://arxiv.org/abs/1605.06966v1 ' ' y
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Light by Light Scattering in PbPb Collisions @ 5.02 TeV




2 Elastic light-by-light (LbyL) scattering, fundamental pLb p,Pb
quantum-mechanical process with a tiny cross section, j’j_,.r

experimentally unobserved so far (*recent ATLAS 40 evidence) ~

A

2 Study of yy —» yy at high invariant mass: Neat channel 1 0

to study anomalous gauge couplings, search for virtual ~ g
contributions from BSM charged particles (SUSY, ~
monopoles, axions,...)

p.Pb p,.Pb
2> LbyL signal events generated with MADGRAPH 5: [D.d'Enterria, G.G.
N ~ 70 expected in PbPb at 5.5 TeV (1 nb™) daSilveira

i . PRL]11(2013)080405]
YYyYy C? Fy

Light-by-light signal’is clear
2> Central exclusive production generated observable over the background
with SUPERCHIC: N~ ~ 6 counts expec..100;

Expected exclusive diphoton yields after cuts
Pb-Pb {s=5.5 TeV, L.m=1 nb’
n*1<2.5, p}:-z GeV

2> QED generated with STARLIGHT,

dN/dm,,, (GeV
N W

Nopee ~ 15 expected after all cuts g B siona vrvy
Pb,p » Pb,p 1
P CEP QED Y é__ﬂ e (1)
Y g___b e () 2:
Pb,p » Pb,p 1.

0.5 L ' L
*Nature Physics 13 852 (2017) myy (GeV)




‘D u) =
e 10r [ ]aED € 12 [ JaED
1T ol [ Jcep T 1ol [Jcep
C - exclusive yy - v v E - exclusiveyy —> vy
6 8
- Signal : 10.3 5|
4 -
ED: O 4
2 Q : -
2_
0 B
0O 0.2 04 06 08 1 1.2 1.4 16 1.8 2 - ' ' e
Diphoton p 00 5 10 15 20 25 30
T Diphoton Invariant Mass
S T [ JaED = 14 [ ]eED
> L
D 1o, [ oer ke ] cer
B - exclusive yy — vy 12 - exclusive yy - v v
8 10
6 8
C 6
4
= 4
2; >
0 T B 0 I - | [ [ T [
-2 -15 -1 05 0 05 1 15 2 (0] 0.05 0.1 0.15 0.2
y vY acoplanarity

With current luminosity, we expect ~10 exclusive photon pairs, on
top of small QED+CEP backgrounds. Data analysis ongoing.



Theoretical predictions



CMS

. Photoproduction is convolution of
> Photon flux 10" Ermr e
» Photonuclear cross-section

2
d ol
- 210_2/
=N (9) 0y 5avs (VN s (= Y)0aava(=Y) 5 F PhepPhep ey
=]
o

dy

E,;=4 TeVE,, ,=1.58 TeV

PbiA

Photon flux Photonuclear cross-section o

| IIIIIII| | IIIIIII| | IIIIHI| 1 1111

* Forward il S
d Y Scattering E —— FF + Sl (int.)
GYH-)YH(y>:$ fdt|FH(l“)|2 amplitude N
t=0 | | [ | |

10—5 L L R B L L | L L L L
\ 4 3 2 4 0 1 2 3 4
Form factor y

do (W ,t:O) Gluon distribution in = e b
yH-)YHdt yp :C'|XGH(X,Q2)|2% oroton or Nucleus Ny/Z<m)_{d b rpA(b) Ny/z((l),b)

The photon flux of the proton (nucleus)
of charge Z can be expressed as the
convolution over the impact parameter b

fdt|FA(t)|2:<I)A(tmm) For Pb ion suppression of the flux due to the strong
interaction between colliding particles considered

[de|F,(e) ~ L Forproton
by

Ref. V. Guzey and M. Zhalov, JHEP 1402, 46 (2014); A. Adeluyi and C. A. Bertulani, Phys. Rev.
C 85, 044904(2012), S. R. Klein and J. Nystrand, Phys. Rev. Lett. 92, 142003 (2004)

D. Dutta, R. Chudasama, arXiv:1711.05999



" Compact Muon Solenold

 pPb@ 5.02 TeV. Runl

200

)

-
o
o

160
140
120

de Pb = (yp)—= Y(1S)p Pb/dy (nb

YP—oY(18)p
pPb 5.02 TeV

— MSTWO08

— CTEQS6L

— CTEQS6L1

JMRTLO

CTEQBM

JMRTNLO

do® Pb — Y(1S)pr’ldy (nb)

12

10

YPb—Y (1S) Pb
CTEQSL1+EPS09LO
CTEQBL1+HKNO7LO
CTEQSM+EPS0INLO
CTEQBM+HKNO7NLO
CTEQBM+nCTEQ15

Oyp-vysyp (PR)

-
o
W

—
4

T TTTTTH

Theoretical prediction of Upsilon photoproduction

ZEUS 2009 |

H1 2000
ZEUS 1998
LHCb run 1

STARLIGHT
—— MSTWO0SLO
—— CTEQS6L
— CTEQsL1
— CTEQ&M
JMRTLO
JMRTNLO

Power law fit: HERA + LHCb

an~3

F — CTEQSL1
— CTEQSM

e

Y (3S) @ pPb 8.16 TeV

STARLIGHT

CTEQBL1+EPS09LO
v CTEQBL1+HKNOTLO
CTEQBM+EPS09NLO
- CTEQSM+HKNO7NLO
CTEQBM+nCTEQ15

II|||III||III‘lIII|1III|||II||I|||||\||

IIll||||l|III]|IIIIlIIII|IIII|IllI

100 — Fit
STARLIGHT 0= 2
80
60
40 -
20 i
DE P~ e e e e Ly ]
-4 -3 -2 -1 0 1 2 3 4 Lo | 1 !
Y )
pPb@ 8.16 TeV. Run2
70 TTT |11 TTTT TTT Ié TTTT | TTTT ‘ TTTT ‘ T 1T | TTT \J 50
. . — | (25) @ pPb 81D TEY CTEQBL1+EPS09LO | -~ F
Gluon Shadowing effect included = T creaod - CTEQBL1+HKNO7LO T Q45
60 CTEQ6M c
=L craRLIGHT CTEQ6M+EPS0SNLO |  ~, [
> f v GTEQBM+HKNOZNLO %40:
r\300L LI R T T T U — ™ - r e CTEQB6M+nCTEQ15 T =~ F
g - e 1 %% Y(2S) 1 g %f
>250 [ CTEQ6M — C 1 = -
2 L STARUGHT Y(lS) . 40k 1 @ 30
Y CTEQBL1+EPS09LO I - 41 = c
& C CTEQBL1+HKNO7LO ] C 1 1 250
= [ e CTEQBM+EPSO9NLO ] L 1 5 .
p 180 CTEQ6M+HKNO7NLO = 301 - % 20F
) oo CTEQBM+nCTEQ15 ] - 1 & E
g 100~ = o0l 4 £ 15F
T L ] C 1 1 -
8 O E - 1 & 10¢
g . 10 1 % =
ST T 1 2 3 4 ) LA . 8 5
0 L1l | L1l | 1111 | 1111 | L1l ‘ L1 ‘ LIl J O
4 -3 2 -1 1 2 3 4 -4

D. Dutta, R. Chudasama, arXiv:1711.05999
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Summary and Outlook
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2> Exclusive upsilon photoproduction in pPb @ 5.02 TeV (PAS public)
e The first measurement of exclusive Y photoproduction in pPb collisions at

5.02 TeV
e Data compatible with power-law dependence of o(Wyp),

disfavours LO pQCD predictions
e The differential cross-section do/de2 IS In agreement with earlier

measurements

2> Coherent JAp photoproduction in PbPb collisions @ 2.76 TeV P(%?%GEEQB 772
e First measurement of coherent JAp photoproduction in different

nuclear break-up mode
e Rapidity distribution compatible with considerable nuclear gluon
shadowing

2> Light by Light Scattering in PbPb Collisions @ 5.02 TeV

e Elastic light-by-light (LbyL) scattering, fundamental quantum-
mechanical process with a tiny cross section, experimentally
unobserved so far (recent ATLAS 4c evidence)

e Analysis in very advanced stage, final results expected soon.

2> Expect more exciting results in different exclusive channel
(Jp,Y,p,dijet,light-light..) in future, with UPC PbPb @ 5.02 TeV in

2015 and pPb @ 8.16 TeV in 2016.
Thanl vvoui
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UPC Triggers for 2013 pPb

+ L1 required loosest muon or * Higher available L1 bandwidth

electromagnetic calorimeter - Removed veto on BSC and
triggers only requirement of ZDC from the
Y ist JHLT the L1 trigger
» More sophisticate » Restrict multiplicity to < 7
EME DT ale’ Lo tracks in the HLT
o [ o |
» HLT Triggers
; i I
| e - I 1 - Require at least one fully
m? ——— " reconstruction of dimuon

J |
/"ﬁ [1! "'|||» candidate
: - Require < 10 pixel tracks in

== csé E monitoring path

e 200 400 600 800 1000 1200
- Z lem)

EB/ f .
’ F

" 5

.ﬁ\. ) —




UPC Triggers for 2011 PbPb

* L1: hardware trigger system from
calorimeters and muon systems only

- Loosest muon trigger and
electromagnetic calorimeter trigger

- At least one ZDC above threshold

- No activity on both sides of the
interaction point in the BSC

detectors, 3<|n/< 5

« HLT: software trigger system using the
full detector

- Require reconstruction of at least

on pixel track




Systematic uncertainty for exclusive Y in pPb

Systematic uncertainties on the measurements of the b of the exponential |t| depen-
dence and the do/dy cross section; individual contributions, as well as the total systematic

uncertainty are shown.

Source b | do/dy
[nclusive background modeling 1% |  10%
Exclusive QED background modeling | 6% | 18%
Muon efficiency (Tag and Probe) - 11%
Unfolding 2% 1%
MC modeling 2% 7%
Feed-down - 2%
Branching ratios - 2%
Luminosity - 4%
Total 13% | 25%




Systematic uncertainty for exclusive J/wv in PoPb @

Table 1: Summary of systematic uncertainties.

Uncertainty
(1) Neutron tagging 6%
(2) HF energy cut 1%
(3) signal extraction 5%
(4) MC input 1%
(5) ZDC efficiency estimation 3%
(6) Tracking reconstruction 4%
(7) Luminosity determination 5%
(8) Branching ratio 1%

Total 11%
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