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Brief Ultra Peripheral Physics formalism

Heavy lons in colliders are a source of
very strong EM fields (Z&x =0.58)
interesting physics accessible if hadronic
interactions are excluded (b>2Rx)

Strong fields and relativistic beams (y=108 at RHIC)
amenable to good description of interaction via
Weizsacker-Williams formalism: Each ion sees a pulse

of plane-polarized quasi-real photons that last At~b/yc
with energies that reach hwmax=h/At=Yhc/b

Max. Energy
per nucleon Max. yy
Accelerator Ions pair (CM) Luminosity Max. yp energy

CERN SPS Pb+Pb 17 GeV 3.1 GeV 0.8 GeV

RHIC Au+Au 200 GeV 4 x 10¥cm?s™'  24GeV  6.0GeV
Bertulani, Klein, Nystrand

RHIC P+p 500 GeV 6 x 10 cm2s"!  79GeV 50 GeV
LHC Pb+Pb 5.6 TeV 107 cm™? 5! 705 GeV 178 GeV
LHC p+p 14 TeV 10 cm ™2 s™! 3130 GeV 1400 GeV
Tevatron p+p 20 TeV 5x 10 em2s™!'  320GeV 200 GeV

Annu. Rev. Nucl. Part. Sci. 2005. 55:271-310
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RHIC kinematical reach

Meson exchange Pomeron exchange

Minimum Y energy to

produce a p at rest: 0.5GeV
Wmin~ I 4GeV

cross section (ub)

For the photon-nucleus “ gg%j
events, the RHIC otm = op

energies are in the
Pomeron dominated
region.

Only the J/\p probe has _3 200GeV
a hard scale:

Q?% ~2.5 (GeV/c)?

J.A. Crittenden Springer Tracts in Modern Physics Volume 140 (Springer, Berlin, Heidelberg, 1997)
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UPC event types

The UPC events can
be photon-nucleus (a)
or photon-photon (b)

a) T he photon-nucleus interaction is well described with di-quark
fluctuations:

*u, d quark dipole p° (uli-dd) published STAR
*s quark dipole ® (s’s) seen in STAR, study in progress.

*c quark dipole J/Y (c c) published by PHENIX, study in
progress in STAR and PHENIX.

b) The high mass y+y—e" e has been published by PHENIX and
the low mass region by STAR.

Additional y exchange produce

nuclear excitations that help in
trigger and event selection.

EDS Blois 2013 Saariselka Finland 9-13th Sep.2013

Thursday, September 12, 13




Triggering on UPC events in collider mode

Avoid hadronic interactions

UPC events have most activity distributed around
mid-rapidity with simple (2-4 tracks) topologies.
Triggers are based on the requirements:

*No activity in a wide range of rapidity (symmetric).
*[ ow activity in a region of interest.

In high luminosity environments, these regions may get
flooded with background and require additional
constraints; beam momentum neutron counts at 0
degrees are good to clean-up the triggers
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Triggering UPC in STAR  TPC & TOF: [N|<1.2 i<hies<7
BBC: 2<|n|<5
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ELECTROMAGNETIC
CALORIMETER

PHENIX

2004 Central Arm |y|<0.35:
Veto on both BBC 3<|n|<3.9,
_ | EMCal trigger ERT 2X2 tile with signal
& above 0.8 GeV
At least 30 GeV in one or both
ZDCs. (Xn)

Vi g 2010 Forward Muon arm(1.2<|y|<2.2)
a4y — ( same as 2007 but replace EMCal-trigger
G ‘ by requirement of a Muon track
both ZDCs are required XnYn
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2004 PHENIX e*e” events in Central Arm
8M events collected with the UPC P Wb ™
trigger, 6.7M selected. | Ve
Integrated luminosity &in: = 141212 pb-!
Vertex reconstructed in 2 tracks events
op/p =0.7% ® 1.0%p[GeV/c]

Electron id in RICH and EMCal

Coherent production: one track in each
central arm. Physics Letters B 679, 321 (2009 " Beam View

J/W Xn

Background
estimator: same
sign pairs. No
counts under
above 2 GeV/c?

d
N
T 1

e‘e” (unlike-sign pairs)

| JY

i i e*e’ coherent continuum

¢ e'e (7 y subtracted)

d
o
U

@
' »

max/min e‘e” continuum

dN/dm,, (counts)
dN/dm,, (counts)

- Aand A+—LJ | L-bd.-‘.li4—l A

Syst. uncert. on 45 5 55 6
4 m,, (GeV/c?)

continuum
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2004 PHENIX e*e  events in Central Arm

Q =25GeV

The J/Psi + A interaction in UPC at [RHIC UPC .
y~0 has a scale Q?~M,?/4, it =00
probes gluon PDFs that are, so far,
unconstrained

2
d Oe+e—+Xn
dy dme+e-

From raw counts of New 1 1
N({/P)=9.9 = 4.1 (stat) £ |.0 (syst) — 86 23(stat) £ 16(syst) b/ (GeV/c?)

for me+.- €[2.0, 2.8] GeV/c2 and |y| < 0.35. (2)

For J/v¢ at midrapidity (]y| < 0.35) the differential cross sec-
tion is:
doj/y+xn _ 1

dy

do /dy|y=o [wb]

Cross sections for e'e- and 2 ZoES1(5R )R G)
Me+e- [GeV/c?] dza/dme‘* e- dy|y=0 [ub/(GeV/cz)]
J/ LI) at )’~O data STARLIGHT
Sl g c e*te~ continuum [2.0, 2.8] 86 = 23(stat) & 16(syst) 90
cire pal 'S are cohere nt. ete~ continuum [2.0, 2.3] 129 + 47(stat) + 28(syst) 138

ete~ continuum [2.3, 2.8] 60 + 24(stat) =+ 14(syst) 61
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J/W +Xn Central 2004 & 2007

UPC Au-Au— J¥ Xn @ 200 GeV
® PHENIX RUN4 UPC Au-Au— JW Xn @ 200 GeV

o] PHENIX RUN7 preliminary [ PHENIX RUN4 & 7 preliminary
———- Starlight, coh.

Strikman et al, coh.

—— Goncalves-Machado, coh. Kopeliovich et al, coh. + incoh.

Kopeliovich et al, coh.

Strikman et al, coh. + incoh.

2004+2007

J .l';
pra il v eyl FFETI AT FRETI ARETI AAT 1, (N0 T EETE IR INE NI NNT TR Lyasadigasl

25-215-1-050 05 1 1.5 2 2.5 252151050 05 1 1.5 2 2.5
y y

2004 PHENIX

762 31 (stat) 215 (syst) Wb Combined result: EEEYSICEDERHITONT

2007 PHENIX

61.8 + 17 (stat) +157% (sys
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2010 PHENIX UPC with Muon Arms 1.2<|y|<2.2

o HENIX Prefiminary PHENIX Preliminary
e ke At least a neutron
‘ e count in both
ZDCs XnYn

: : PHENIX Preliminary
Clear di-p peak at J/\p mass in

both muon armes. | North
The pr distribution appears to | — South
be filled mainly from

incoherent photo-production.

&5 AR B
Y pair pt [GeV/c]
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PHENIX |/ at different rapidities

AuAu,\s,,=200GeV, UPC Jhy Xn(N)+Xn(S)

>

PHENIX preliminary

[ub (GeVic)?
>
—ial.

[ub (GeVic)™)

4 2010 1.2<y<2.2

J/y in ultra peripheral

AutAu at\/s . = 200 GeV, |y|<0.35

0% 02 04 06 08 1 12 14 16 18 2 22 24 . . y . 4.5 5
pY[Gch] p‘[GeVIc]

i

d’s

2":"7 dptdy“‘“s

PH ENIX

B,
L

The 2007 higher statistics show clear presence of coherent and incoherent
components at mid-rapidity. In the 2010 dataset one only finds incoherent photo-
production at higher rapidity.

AuAu,\'s,,=200GeV, UPC J/iy Xn(N)+Xn(S)

With the 2010 data set an o mm +++
almost complete rapidity ' |

dIStI"IbLItIOn IS POSSlbIe. F/ENIX+2°°7'°‘35<Y<°'35

preliminar

—+— 2010 1.2<|y|<2.2

2
rapidity
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The STAR UPC program

Publications:

0}$ Photoproduction in AuAu Collisions at $\sqrt{s {NN}1$=62.4 GeV with STAR

Submitted Jul. 22, 2011 , published Jan. 30, 2012
Phys. Rev. C 85 (2012) 14910
Observation of piA+pi2A-pir+pi2- photoproduction in ultraperipheral heavy-i isi = 200 GeV at the STAR detector
Submitted Dec. 4, 2009 , published Apr. 2, 2010
Phys. Rev. C 81 (2010) 44901
Observation of Two-source Interference in the Photoproduction Reaction $Au Au \rightarrow Au Au \rhoA0
Submitted Dec. 5, 2008 , published Mar. 16, 2009
Phys. Rev. Lett. 102 (2009) 112301

\rho”0$ Photoproduction in Ultra-Peripheral Relativistic Heavy Ion Collisions with STAR
Submitted Dec. 21, 2007 , published Mar. 31, 2008
Phys. Rev. C 77 (2008) 34910
Coherent Rho-zero Production in Ultra-Peripheral Heavy Ion Collisions
Submitted Jun. 7, 2002 , published Dec. 20, 2002
Phys. Rev. Lett. 89 (2002) 272302

Event selection and triggering
,|_elec ron from y+y Wlth Igw inv. mass

"\..»—.-.—

.)
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https://drupal.star.bnl.gov/STAR/publications/%CF%810-photoproduction-auau-collisions-sqrtsnn624-gev-with-star
https://drupal.star.bnl.gov/STAR/publications/%CF%810-photoproduction-auau-collisions-sqrtsnn624-gev-with-star
https://drupal.star.bnl.gov/STAR/publications/observation-pipi-pipi-photoproduction-ultra-peripheral-heavy-ion-collisions-star
https://drupal.star.bnl.gov/STAR/publications/observation-pipi-pipi-photoproduction-ultra-peripheral-heavy-ion-collisions-star
https://drupal.star.bnl.gov/STAR/publications/observation-two-source-interference-photoproduction-reaction-au-au-rightarrow-au-au-rho-0
https://drupal.star.bnl.gov/STAR/publications/observation-two-source-interference-photoproduction-reaction-au-au-rightarrow-au-au-rho-0
https://drupal.star.bnl.gov/STAR/publications/rho-0-photoproduction-ultra-peripheral-relativistic-heavy-ion-collisions-star
https://drupal.star.bnl.gov/STAR/publications/rho-0-photoproduction-ultra-peripheral-relativistic-heavy-ion-collisions-star
https://drupal.star.bnl.gov/STAR/publications/coherent-rho-zero-production-ultra-peripheral-heavy-ion-collisions
https://drupal.star.bnl.gov/STAR/publications/coherent-rho-zero-production-ultra-peripheral-heavy-ion-collisions

STAR triggers

. Cosmic Ray Background

/  Top Veto

TOF a./-\

a) UPC_Topo: veto on all BBC tiles 2<|n|<5,
TOF hits in two sectors and veto
remaining ones (exclude cosmic

rays.)

b) UPC_Main: veto on small BBC tiles 3<|n|<5,
2<TOF hits <6,

| <beam neutron=<6 in both
ZDCs (may select smaller b)

EDS Blois 2013 Saariselka Finland 9-13th Sep.201 3
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The STAR UPC event selection

"y zview of event 22 |
200

Low activity at y~0 use STAR TPC Yo

and trigger with TOF. Multiple
events recorded in TPC. Use TOF

to select the triggered events

100 —

. § L. T '2".3;6' 200 150 -100 50 0 50 100 150 200 250
PID done with T ot
ionization in TPC & .
(up to 47 Samp|es) L ............. 10

. 03 04 05 06 07 08 09
p [GeV/c]

Exclusive vector meson Diffraction
production by selecting analysis requires |
events with only 2 tracks Inlnin ZDCs E
out of selected vertex.
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STAR photo-production of p° Au+Au 200 GeV

2M rho candidates from the
high luminosity 2010 run

Detailed publication with

data from run 2001 Au+Au
200 Gey  Phs-Rev.C77 034910

[e]
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P® meson diffraction

STAR data
Starnght RAu—7 5 fm

t mbl(ieV’
ow

ydt,

d%_,(d
olo

STAR“'P'ﬁé‘l‘i‘fﬁi'ﬁafy """""""""" """""""

B ' l ' e ' 2 l 2 ' ' e s l A ' ’ s 1 s ' s ' e l ' 4 ' 2
0.05 0.1 0.15 0.2 0.25 0.3
t, (GeV/c)*

t[(GeV/c) )
t' € [0,0.1] (GeV/c)2

COMPASS 2004

nPb - nanPb

—
<,
TT

Higher statistics permit to visualize a
diffraction pattern off a Au target.

Number of Events

D g 0k
COMPASS has similar measurement -

in pion diffractive dissociation into
o] FETEE PR e

three pion system Pr=190GeV/c 10°00.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Momentum Transfer t” ( chz,cz)
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STAR e™ e pair in y-y events

0.96<1/B<1.02

Entries 101142
Meanx 0.3787
Mean y 1.082
RMSx 0.1184
'RMS y 0.167

Using the big dataset from

run 2010. Use TOF to
select relativistic particles

Need to extract the efficiency of this cut

pdedx
Entries 2.93375e¢+08

selected relativistic

el Memy 3.169¢-06
:::; s | | STAR Preliminary
AT 10° -

]IIII]IT I[

w - - ..-
| |

TITJTTITrT [T

dE/dx (keV/cm)
dE/dx (keV/cm)

N
(2]

N

S 1!'1[’

02 04 06 038 1 12 14 16

RMSy 4.995e-07
L AL T

G Tk TN D I 1 TV e R BV U AT N it ISU I e [ T M LAY P L R B |

"Entries 7994 |
1 Mean x 0.4773
Meany 2.717e-06
RMS x 0.192 5

3.5

- -

18 2

p [GeV/c]
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Phys. Rev. C 70 (2004) 031902(R) 2010 run analysis (raw counts)

Entries 1264
Mean 0.06157
RMS 0.4365

EPA Calculation

(c)
~ QED Calculation

2010 Data

do /dY, mb

STAR
Preliminary

= o e

gt g,
e

IIITTTTII

]

IIIIT1TIIIITITITITTTII

lffl11

Pair Rapidity, Y

Rapidity

Entries 1264
| Mean 0.04101
RMS  0.02658

EPA Calculation (b)
QED Calculation

g

2010 Data

=]
2

STAR Preliminary

do/dp_, mb/(MeV/c)
o
&
L] TT TTII LILE BB T]

+

8

T,lllllllll|IllllTllllTlYl]l

ITII‘I.*.I
.+.

g
< 0

: .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
Pair Transverse Momentum p_ , GeV/c e pair P; [GeV/c]
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STAR ® production in UPC_Main events

| Two kaon events in
S XnYn UPC_Main

; events with dEdx [ - o
— PID. i T

PRI, o W = = aen f
95 02 <03 -02 -01 o0

QI)‘ q(-)
q(+) + q(-)

11 112 1.
Mon Aug 19 10:20:59 2013 Kaon pair Mass [GeV]

-t
.

pair Mass [GeV]

Cannot access coherent
production but

may be able to study
incoherent prod.

Kaon

Mon Aug 19 10:24:19 2013 Kaon pair p_ [GeV/c]
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STAR J/b XnYn photo-production Au+Au 200 GeV

Same sign background
subtracted. Remaining e
+e- continuum fit with
polynomial + Gauss.
~230 counts in peak

HjPsiRapidityXnXn
— Entries 145

8.5 2.6 . . . . . 33 34 35
Mon Sep 9 17:07:34 2013 e u pair [GeV/c]

..........................................................................................................................

5 . |Mean 0.01193
STAR Preliminary...... tl......... T— |RMs  0.4249

ldentification done solely by invariant SV R N S [
mass. InCIUdeS eIeCtron and muon ......................... ................. ........... ........................ ........................

pairs.Work in progress to extract e AL =
efﬁ Ci en Ci es fr.om data an d MC _______ U | T 1 1 111 ____________________
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pY diffraction off Au nuclei in UPC events

FTTT g0 @ Imlllll

eve

At/t— 0.0l + 0008\/_

................................................................................................................ Lo e,

-t [(GeV/c)?)]
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250 |-
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1501
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pion pair p_ [GeV/c]

The main background

to the exclusive p°
production must be
contributions from
peripheral hadronic

nts that elude our

vetoes in the trigger.
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The subtraction of the p° incoherent production

e STAR Background subtracted

J ZEUS proton dlssomatlve y+pep

Tue Aug 27 22:09:53 2013 -t [(GeV/c)?)]

The tail of the -t distribution is mostly
filled with events where the rho mesons
interacts with individual nucleons.We fit
the tail with a power law shape and
subtract it to bring forward the
underlying coherent distribution.

ZEUS 1995

~~
%
»
O
~N
o
3
-
L
[<)
°

HXH

e

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-
o
AN

do/dt(yp —>p°p) / do/dt(yp —>p°N)
S

—t (GeV?)

Eur. Phys. J. C 14, 213-238 (2000)

ZEUS results for yp— pN

scaled by 10.6 match the
measured tail.
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Diffractive pattern produced by elastic p°
scattering off Au nuclei

The diffraction pattern
is evident up to its
third peak, the slope
of the first peak as
well as the location of
the peaks is consistent
with the coherent
interaction with an
object with
L I N RN TS dimensions
~0.02 004 006 008 01 012 0.14 016 0.18 comparable to the Au
t[(GeV/c))] nuclei.

The Sartre histogram shows the -t distribution of Nuclei described with
Wood-Saxon R=6.38 fm

the recoiling Au target.  physRev.c872013) 024913 =053 fm
EDS Blois 2013 Saariselka Finland 9-13th Sep.2013

Thursday, September 12, 13 24




Comparison to StarlLight

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt

Val ues. PHYSICAL REVIEW C, VOLUME 60, 014903

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge
form factor!?

Thursday, September 12, 13
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Comparison to StarlLight

2
7]

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt | |

Val ues. PHYSICAL REVIEW C, VOLUME 60, 014903 . . . ] ] 0.12
-t [(GeV/c)?)]

-
o

d?o/dydt [mb/GeV ?]

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge
form factor!?

d?o/dydt [mb/GeV ?]
o

-
o

1 1 I
0.06
Wed Sep 11 02:37:10 2013 -t [(GeV/ 0)2)]_
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Comparison to StarlLight

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt

Val ues. PHYSICAL REVIEW C, VOLUME 60, 014903

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge
form factor!?
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Comparison to StarlLight

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt

Val ues. PHYSICAL REVIEW C, VOLUME 60, 014903

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge
form factor!?
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Comparison to StarlLight

2
7]

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt | |

Val ues PHYSICAL REVIEW C, VOLUME 60, 014903 . . . ] ] 0.12
: -t [(GeV/c)?)]

-
o

d?o/dydt [mb/GeV ?]

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge

fo rm facto r? 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 I 1 1 1 1 I
0.05 0.06

Wed Sep 11 02:29:59 2013 -t [(GeV/c)’)]

d?o/dydt [mb/GeV ?]
o

-t
o
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Comparison to StarlLight

2
7]

If we run Starlight with
Wood-Saxon distribution
from electron scattering
measurements we get a
distribution that is shifted
systematically to higher pt | |

Val ues PHYSICAL REVIEW C, VOLUME 60, 014903 . . . ] ] 0.12
: -t [(GeV/c)?)]

-
o

d?o/dydt [mb/GeV ?]

Comparison to Sartre

Sartre photon flux is based on StarLight.We
display the -t distribution of the Au recoils
(best match to dip location). The rho -t minus
the photon pT contribution (good match but
below data). The distribution of rho which
includes the photon pt (worst deviation from
data).

Does this calls for a “tuning” of the Au charge
form factor!?

d?o/dydt [mb/GeV ?]
o

-
o

Wed Sep 11 03:25:31 2013
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STAR Future plans

Get the different analyses into publications.
Proceed with the analysis of the U+U at 193 GeV
data.

Planned p+A run in 2015 run. STAR
will add Roman Pots. UPC program
will gain the control of the t| recoil of
the proton.
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Summary

PHENIX measured J/ P photo-production cross-sections and their p-
dependence in a broad rapidity region.

J/W +Xn result at mid-rapidity is consistent with calculations
suggesting strong gluon shadowing.

Important contribution from incoherent processes in J/\p
Xn(y<0)Yn(y>0) at forward rapidity.

New vertex detectors will help to further study UPC events at RHIC.

has measured p° photo-production in A+A at several

energies and sdystems.The high statistics obtained in recent runs
permit the study of a diffraction pattern off the Au nucleus.

STAR is also embarked in the study of J/\D photo-production in two
units of rapidity at mid-rapidity.VVe are analyzing the U+U at 193 GeV
and preparing for the 2015 p+Au run with the Roman Pots.
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Backup

P £ 0 SR -

{ o _? e
St U et Ol

Thursday, September 12, 13



J/W Xn PHENIX y~0 cont.

PHENIX

Starlight, coh.

Strikman et al, coh.
- « == Strikman et al, incoh.

O PHENIX
Starlight, coh.
= Strikman et al, coh. + incoh.
«u= Goncalves-Machado, coh.

«w=uwos Goncalves-Machado, coh.
lvanov et al, coh. + incoh.

Several R v ot
calculations

tend to agree
with the 2004

result.

do/dy (u b)

|9 [ [ s : \
-25-2-15-1-050 05 1 15 2 25 -25-2-15-1-050 05 1 15 2 25
y y

(a)

do/dy [y=0 = 76 = 31| (stat) £15 (syst) pb
PHENIX Preliminary

Higher statistics 2007 analysis applies _
same conditions: (Xn) I

et

02 04 06 08 1 12 14 16 18 2 22 24

pr(GeV/c)

2007 run
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Normalization

0.679 nb"! Scaler counts from the

LuminOSit)’ from min_bias . “minbias_monitor” trigger uses VPD and

assumes 6 b cross section.

o
(=)

p meson d ete Ctl on  HBI== ............... .............. STARPrellmmary .............. ............... .......

efficiency obtained from
embedding of Starlight
pion pairs from p into
Zero-bias events: N
averaged over -|<n<I| [G]
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StarLight: Object-oriented simulator of

YY or Yp interaction in UPC events.

From our presentation at the
last DNP:

StarLight required Ra,=7.5 fm
to match the data.The
authors are working on an
improved version to bring the
radius back to ~6 fm

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
-t [(GeV/c)?)]

W-W photon

StarLight doesn’t have deep
valleys between diffraction

peaks because it allows for a BN Klein Nystrand
transverse component in the

photon momentum. Lo
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