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Outline

< Apparatus:
“ LHC and CMS detectors;
<> Photon-Hadron:
** “Photoproduction of the coherent Jip in ultra-
peripheral PbPb collisions at 2.76 TeV”
(CMS-HIN-12-009)
<> Photon-Photon:
< “Evidence for exclusive yy — W*W- production in
pp collisions at 8 TeV”
(CMS-FSQ-13-008)
< Summary
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The CMS central & forward detectors

Superconducting Solenoid Track PTO
Silicon Tracker resol. 1-2%
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Muon coverage up to |1 = 2.4 for triggering and id

Calorimeters coverage helping to ensure exclusivity
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Photoproduction of the coherent Jhp accompanied
by the forward neutron emission in ultra-peripheral
PbPb collisions (UPCs) at 2.76 TeV

v yN and yy collisions are abundantly
produced at the LHC. A 4d

% - UPCs involve EM interactions at | ;’/ U ——
C.) impact parameters b larger than '/ Y ,u.,
AN the sum of the radii of colliding Ze I
i nuclei R. T by ¥
““|v Coherent y-production: the y couples | \//
mm | tothe nucleus N as a whole. ,’ Nb=2R | A/
h - The cross section (XS) for /|| - »
< producing vector mesons, such YA ARG o S 2 o B
al as Jhp , is prop. square of the > i Mo iy
Cfl) nuclear gluon density [\ o""@'{
2 doya—1/wa g 167(3(13Fg»1~ il ,’ / I\ \\ — = 7
O =6 3alfs, AZCADK) bbb

< =" Nuclear breakup modes (X0, dominant)

K/ « X,0, : one of the ZDCs with at least one neutron “n” the other ZDC has

v g I no signal;

20000
20000900

« XX, both ZDCs have at least one “n”;
1,0, one of the ZDCs has exactly one “n” while the other has no signal;

« 1.1, both ZDCs have exactly one “n”; 8
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Signal extraction, corrections, syst. & X X ratios

—~ 180 e reliminary = .
I e K v utu, produced in the X0, breakup
& L i <racene A mode, having a p-(u'w) < 1.0 GeV/c
$ 140F —n—ww T
S0 % om ] and 2.6 < M(u+u-) < 3.5 GeV/c2.
2 ook | v distributions are not corrected for
g & oof : acceptance or efficiency and only the
) 6ok + 4 5 statistical uncertainties are shown.
i i oo ] i
N 401 = '\51607“‘\” T ‘\”“(\”)“%HMCM?"w”‘y
B g 1 = L Pb+Pb — Pb+Pb+J/y (X 0 2.76 TeV
. o S, Sraf ¢ e e
1 L. *W____‘_ﬂ_vﬁ;&ﬁé- S AR 2.6 <m(u'y) <35 GeV/ic? ... Coherent J/y
prd 86272829 3 3132333435 9‘120%- ooty
— m(u'w) [GeV/c’] 2 o ]
:|I: v' acceptance and efficiency correction 2 ]
- 0 . 80: ; B
7)) factor, (Axe)Jhp, including the efficiency e :
< for the other selection cuts, corresponds O g
D— tO 59% docoh T 40;| ; B
| X On (]/IIJ) Ncoh - '_+ . __‘#%5 ]
N BRU/§ — ptu=) - Lint - Ay - (A x )0 20*}_*“ ut bt 3
Byt b Lo L b b [0S
2 Uncertainty 0O 010203040506070809 1
(1) Neutron tagging 6% P (ww) [GeV/c]
O (2) HF energy cut 1%
(3) Sigm‘ll extraction 52/0 ]/l/) with pPT <015GeV/c X, X,/X.0, 1,0,/X,0, 1,1,/X,0,
E‘ég 1;’[&:1“%‘#_ . ;; Data 0.36£0.04  0.26+0.03  0.03+0.01
e 1C1€I’1Cy estimation () -
(6) Tracking reconstruction 4% STARLIGHT V.57 N/A Vo2
(7) Luminosity determination 5% GSZ 0.32 0.30 0.02
(8) Branching ratio 1% .
Total 11% 1st measurement of break-up ratios for UPC J/y

Systematic uncertainties 9



Coherent Jp Diff. XS in ultra-peripheral PbPb

5 10— S i
o)) é Of it o B TETE T e = !Data favor calculations that
= = 8 e e | | include nuclear gluon
~ R - wemw 1 | shadowing (GSZ-LTA
A ok o) 3 | model™), suggesting a
Z g T, T APt 1 | significant reduction in the
T | 1 | density of soft gluons within
(<JE) af \*"%\\ 1 | the nucleus.
all TR R E : :
) E *~_ ] | Direct evidence of nuclear
—~ o gluon shadowing at
O 2 0 1 2 3 4 | small-x values at LHC!

y

doc°hy o, /dy (/) = 0.37 * 0.04 (stat.) £ 0.04 (syst.) mb

(*) V. Guzey, M. Strikman, and M. Zhalov, “Disentangling coherent and incoherent quasielastic J/{ photoproduction on
nuclei by neutron tagging in ultraperipheral ion collisions at the LHC”, Eur.Phys.]. C74 (2014) 2942, arXiv:1312.6486
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Evidence for exclusive yy — W*W~ production and
constraints on Anomalous Quartic Gauge Couplings
at s = 8 TeV

v' Exclusive processes: events with intact protons, but

g here also accounting for proton dissociation p*
o
Ofl) v Clean final states with no hadronic activity =>remove
— inclusive backgrounds by requiring O extra tracks at
! dilepton vertex
% v yy—utu ,ete : test exclusivity requirement and proton dissociation;
LL
5 v yy—=W*'W-: based on Madgraph EPA; measure SM XS and look for
g:) anomalous quartic gauge couplings (aQGC) with dim6 and dim8 effective
0 operator for yyYW*W- vertex (hep-ph/9908254 & hep-ph/0606118);
J W
P i- ZZAszF’”W”W? ﬁAZPy“F 2 ayc(W2,) = aE’NC
2 C ezaC +a % 62 o , m 1+
O Lg = YFF"“FW(W Wg + W™ W) — MAZFWFMZ Zg Agutoﬁ
Lao = Tr |W,Ww| x |(Ds@)! DP® W : 2
w [Au N~ [ i ] ﬁ:—MszX&O—SNfz“ fXéz v p=2 (dipole FF)
Ly = Tr [WuuW”B X [(Dﬂq’)TD“ ‘I’] g 8 \ v’ unitarity bound
v - aw 2 M1 %V M @WYY ~1TeV
Luaz = [BuB*) x |(Ds®)' D] =l Bl K = 500GeV
Lars = [BuwB”] x (D) D 0| 12

vanishing WWZy



Backgrounds, strategy & systematics
v Signal: opposite-sign eu pair (DY and

yy—Il backs too big in ee, puy channels),

S _ Niracks 4 Expected: 1001 Expected: 234
<s)| originating from a common primary Observed: 771] Observed: 214
o Vertex With pt(eM) > 30Gev DY_)tt |nc|usive Diboson
CID 1-6 ::gnig::l control region
S'_) v' for high-purity pp->p I* I p #events:
CI) v' acoplanarity < 0.01 (due small Q? of yy—tT . .
0 control Signal region
(@p) .eXChanged YS)_’ _ Expedion ., ;| Expected:3.5
L v inv. mass outside M, window, Obeervod—1 .
; . .
) v' 0 extra tracks at dilepton vertex to 30 GeV pr(p*e™)
E remove most of the inclusive WW Systematics
I back Uncertainty
(0p) v pt(eM) > 30GeV for supress YY—TT Proton dissociation factor 10.5%
2 0 extra tracks Efficiency Correction 5.0%
O _ _ . Trigger and lepton ID 2.4%
v" high pT(ep) tail to look for SM exclusive Luminosity 2.6%
WW and aQGC Total 12.1%
c
.9 Selection step | Excl. vy =+ WW | Total Background|| WW+jets 9y — 1t DY — 1t Pompyt WW  Other Backgrounds
Q) @™ Trigger and preselection 26.940.2 12560+230 | 10575+8.1 18.1+08 7000+75  206.2%3.0 4280210
S 5 () >20Gev 26.6+0.2 123704220 | 10355480 18.1+08 6974+75 2022430 4140210
2 Electron and Muon ID 22502 | 6458+93 10279480 12.6+0.7 4172458 1972429 1048+72
§ p=eT vertex with 0 extra tracks 6.7+0.2 149425 28404 4305 65423 0301 1.1+0.6
»  pr(p=eT) >30GeV 5.340.1 | 35£05 | 20404 09402 0 0.1£0.1 0.5+0.2

#evts for 19.7fb-1; opposite sign u and e from same vertex, p;>20GeV, |n|<2.4, < 16 extra tracks. 13



RESULT 1: evidence for exclusive yy — WW-
production

Y

40 60 80 100 ‘3126 ‘ 140 160

(ue) [GeV]

¢ @)
()
o

|
2 > CMS preliminary 19.7 fb™' (8 TeV) v O extra tI’aCkS p|0t

1 g ° ° zsltawaww
G g = Diffra‘ctive ww
) 5 —> = rgenlsic 1 v' In signal region (p(ue) > 30 GeV): 13

L EWK WWqq

LL — i events observed (data) over 3.5x0.5

1 AW stat. error on simulation sum . .
N (statistics) events expected for
<L background and 5.3+0.1 (statistics)
D,- N expected for signal (See table slide 13)
(D i " CMS preliminary 19.7 fb ' (8 TeV)

\\\\\ L g 80} ® Data
= | R
O . 8;_ ’ 60; — ;ingle-inelas\ic Yy — Tt
% 6? E B EWK Wwqq
25*?*;;*“ #»44;#\#; DR S

v' Excess of 3.6c over the background
only hypothesis, including systematics.

v XS: § 1+ g ¢ SR
o(pp = p(*)W+W_p(*) — p(*)yieq:p(*)) — 12'31L2:Zfb' S 3NUI’:1. e:(tra?[rac;(s

14



u u
[ ] + =
0] RESULT 1: evidence for exclusive YY — W+W
S producti
‘ I , ( | | I u I ] t ] I t. )
G > CMS preliminary 19.7 fb™' (8 TeV) > CMS preliminary 19.7 fb™' (8 TeV) — __ CMS preliminary,(s=8 TeV, L =19.7 b
m 8 C ® Data 8 10— ® Data S 9} ® Data
o g SM yy—WW o - [ sMy—-ww 7] C SM yy—WW
I I f C I Diffractive WW f = I Diffractive WW g 8l I Diffractive WW
,g - i Bl clastic y— @ - Il clastic v— Li E Bl clastic y—
I ) r single-inelastic y— Tt qc, 81— [ single-inelastic yy— 70 single-inelastic y— Tt
o F I EWK WWaq o F I EWK Wwag r I EWK WWaq
m 61— Inclusive Diboson = [ Inclusive Diboson C Inclusive Diboson
r I Drell-Yan + I Drell-Yan 6 I Drell-Yan
< 5 . WY stat. error on simulation sum 6 (] Y stat. error on simulation sum E AN stat. error on simulation sum
C - 5—
& 4 ; = 41— '
I r 41— [ ] =
3 e WP L L
0N i ,
B AR . AN F
2r PN NAS 2 * L §
C RN
1 QA\\QV_ SN L
@) S —_— e — T
ok Gl b I wﬁm‘?g%%—ig \\\\\\\ 0 N P | RS mrwmS S S bopgand g ligu
4= [
£ 8— L
S s S o S 4
o & a + o l
E ; S NN AT 1D N AR A B S
07 o Tl 9 \\el\ 0’\%\1\3\"\"\"\"\\\‘\;\[\;TT(\“\«\(‘\é\T\e\]\\;‘\“ 07\\\\‘\\T;\‘\\\\‘\Iel\‘\\\\‘\\‘\\‘\\\\‘\\\\‘\b‘\‘\\e‘\
0 50 100 150 200 250 300 350 400 450 500 0 20 0O 60 80 100 120 140 160 180 200 0 01 02 03 04 05 06 0.7 08 09

M(ue) [GeV] MET [GeV] 1 - 1Ap(ue)/nd

v" Muon-electron invariant mass, acoplanarity, and missing transverse
energy in the yy — W*W~ signal region.

v' Agreement in shape

v' The data is shown by points with error bars, the histograms indicate
the expected SM signal and backgrounds.



e0)
)
CMS preliminar 19.7 fb ' (8 TeV
CP N_o.ooz_..'?l..‘!,l.,..l.(.._)
m %.) Acutott = 500 GeV
D wnn O] .
1 = -
Al - ]
G S 0.001_ 1
N =
© i |
LL
%) T ]
&I '0001 I~ e Standard Model ]
(D : ——— CMS 8 TeV, 95% confidence region 7
| —— CMS 7 TeV, 95% confidence region i
E I CMS 8 TeV 1-D limit, 95% colnﬁdence region |
-0. 2 1 1 L 1 1 1 I ! 1 1 1 1 1 1 1
O 000275 0005 0 0.0005
alV/A? [GeV?]

v The area outside the contour is
excluded at 95% CL

v' 7-16 times more stringent than search
for WWy and WZy production at
Phys. Rev. D 90, 032008 (2014)

v' 3-7 times more stringent than Vector
Boson Scattering approach at
Phys. Rev. Lett. 114 (2015) 051801)

RESULT 2: constraints on yyYWW AQCG

Dim6, no FF, 95%CL

~12x107% < a§' /A% <12 x 1074 GeV 2 (a¥/ A? = 0,no0 form factor)
—44x107% < al /A? < 44 x 1076 GeV 2 (a / A? = 0,no0 form factor)

Dim6, FF, 95%CL

~1.1x107* < al'/A? <1.0x 1074 GeV 2 (al /A2 = 0, Acutoe = 500 GeV)
—42x107* < all /A? <34 x1074GeV~2 (al /A? = 0, Acytost = 500 GeV)

Dim8, no FF, 95%CL

—4.6 x 10712 < far0/A* < 4.6 x 10712GeV ™ (no form factor

~17x1072 < fM,l/A4 <17x10712Gev (no form factor
—23x 1072 < fy/A* < 2.3 x10712GeV* (no form factor
—83x 10712 < fy3/A* < 8.3 x10712GeV~* (no form factor

Dim8, FF, 95%CL

—42x 10710 < far0/A* < 3.8 x 10710GeV™* (Acuroft = 500GeV)

—16 x 10710 < fi11/A* <13 x 1071°GeV ™ (Acurofe = 500 GeV)
—21x1070 < fira/A* < 1.9 x 10710 GeV ™ (Acutorr = 500 GeV)
—8.0x 10710 < fi3/A* < 6.4 x 1071°GeV ™ (Acutorr = 500 GeV)

)
)
)
)

A
A
A
A
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Summary

€ Coherent Jhp photoproduction cross section in ultra-peripheral PbPb
collisions at Vsy, = 2.76 TeV in conjunction with forward neutrons has
been measured, extending previous measurement to a new rapidity
range.

v The ratios of Jip production in different nuclear breakup modes
have been measured for the first time at the LHC and found to be
consistent with STARLIGHT and GSZ-LTA.

v' Data favor calculations that include nuclear gluon shadowing,
suggesting a significant reduction in the density of soft gluons
within the nucleus.

€ Evidence for exclusive yy—>W*W- production

v 13 events observed over expected background of 3.5 £ 0.5 events:
excess of 3.60 over the background only hypothesis.

v' Significant improvement on aQGC limits.



BACKUP

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

* Loosest muon 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

one pixel track

1 https://indico.cern.ch/event/336283/session/24/contribution/101/material/slides/0.pdf



