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Outline

e about 2009
 Hard Photoproduction

— Method of equivalent quanta

— applications in particle and nuclear physics
— quarkonia at RHIC, LHC (and elC)

e Coherence and diffraction

e Charge Exchange- forward neutron production
and asymmetry at RHIC

* Potential for New Physics at the LHC
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“Forward Physics”
* small momentum transfer to beam particle

* je ATLAS-ALFA elastic scattering (nuclear
+Coulomb):|t|=p7-~(10-20 MeV )?

e coherence enhances diffractive g’s

 at LHC soft colorless exchange(7,”g-g”, m) can
have very hard interaction with the target

* will discuss: Heavy lon photoproduction, d-Au
diffraction dissociation, forward n,CEP-Higgs

* not covered:fragmentation in RHIC/LHC HI :
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2009 startup of LHC at CERN

 Post WWII experiment in international
collaboration

 US an observer state. Cooperative agreements
with Mexico and Brazil

* 3 Nobels (Charpak, Rubbia, Van derMeer)

e Home of the world wide web-"Information
Management” proposal 04/89

 Most complex scientific project ever
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* First lab to accumulate antimatter
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* Sited on Swiss-French border near Geneva

Sur le terrain du futur institut nucléaire

23

#

Sous la conduite de M. A. Picot, les membres du Conseil européen pour la
recherche nucléaire se sont rendus hier a Meyrin pour reconnaitre le
terrain ou s’éléevera le Centre nucléaire (voir en Derniére heure)

(Photo Freddy Bertrand, Genéve)

La Suisse du 30 _octobre 1953
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100 vears of subatomic Structure

* Rutherford, Geiger, Marsden (1909)
— Atom’s 100t Birthday!

— Rutherford’s teacher, JJ Thomson, discovered
electron 10 years ea rlier J) Thomson & Ernest Rutherford

e “counter experiment”
— Beam of 5 MegaVolt o particles
from Radium C decay

 R.showed that o= Helium Nucleus
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Resolving Power: Radius (electron,quark)<10-%* Radius (atom)
i.e. 1 centimeter/(New York-> Mazatlan)

*Stanford (Hofstadter) measured size
and profile of nucleus and proton
*SLAC saw first evidence for quarks
*2009-> quarks and electrons don’t
have substructure
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Electrostatic Accelerators

* Cockroft-Walton
(Y1 Megavolt) &=
* Rutherford s
(~5 Megavolt)
e Van der Graaf
(10 Megavolt)
 Above 10 MeV use high
field RF (0.1-1 GigaHz)
up to 10’s MeV/meter
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Colliders

Center of Mass Energy (E.,,)

*Stationary Target:

ECM= \/2 X EBeam X MTARGET
i.e. 7 TeraVolt beam->E,,=0.12 TeV

*Collider:

Ecm=2" Egeam
i.e. E.,—>14 Teravolt

Constituent E,,,

If the proton is composite
ECM'>2*EBEAM*f'

f= momentum fraction of the quarks

2
¥
5
8
L
3
£
8
E
E
8

SPEAR __ DORIS __  VEPPII
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The Large Hadron Collider

* Total Beam energy:
—N =27km*Frequency*(10proton/bunch) /c

proton
=N *7*1012eVolt=400 Megaloule

->Etotal_ proton

(=3 locomotives at top speed)
* Magnetic Field:
(GeV)=15*B(kilogauss)*Rad ,,. (km)-> B=84 kgauss

proton

* Magnet Temperature: 2° Kelvin
* |nteraction Rate: 1 GigaHertz

e Radiation Dose/year:

— 2*10'%neutrons/cm?(Si), 5 Gigarad (Zero Degree
Calorimeter)
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Inelastic Scattering: The Equivalent Photon Approximation

“On the theory of Collisions between Atoms
and electrically Charged particles” E.Fermi
translated by M.Gallinaro and SNW

>
lb(impact

parameter)

velocity

Etrans(r)
E _ qgxb
rans = (2 4, 2,232 —A “field of light” with intensity a_2at frequency
n/T
Expand in harmonics: For resonant excitation all a  ineffective except
2an X t at resonant frequency.
E trans = ZanZCOS( T ) q y
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Cross sections

Equivalent field of light is calculated for
each impact parameter.

But Impact parameter unmeasurable
(i.e. ~101° meters)

->calculate an equivalent radius

7o’ =21 [bx P(b)x db=0
-> cross section (o)

Units:
1 barn=10%*cm?

1barn/atom->~1
interaction for typical

target

P(b) and equivalent cross section

1.0
0.8
z
Z0.6
(21
L2
e
£04
0.2
0’8.0 0.5 1.0 1.5 2.0
Impact parameter
Examples:

Gold+Gold->e*e+Gold+Gold = 33,000 barns

Proton-proton Interaction ~0.1 barns

Diffractive Higgs@LHC =101 barn
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Other Applications of Equivalent Photon

Approximation(1)

 N.Bohr (1914), C. von Weizsacker and E.Williams(1934,
generalization to ultrarelativistic case)

* The power of coherence: beamstrahlung in electron-
proton colliders(V.Serbo et al. 1996). Coherent radiation off

~10° proton bunch (LN lcm) Coherence condition:
: N L S
E, ~ S | N

Gz ? \
T N lnli ’. l\

!
hg = (hw /e, hqg) 0ih
g d0u

l
I
&y dE, | }
|
|

VAVAVAVAVAY

(barn) 1p? +

time ———» , A |
E <2 Y Lorentzhc | —_
L

lbunchﬂ’- 10
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EPA(2)

The effect of coherence is significant in collisions with
composite targets

— Single photon process ->(Z, cteus )

— Two photon ->(Z,,ycteus “e)”

The price of coherence is the limit on momentum transfer,

Aq<hc/(2mR ) or A>target size

nucleus

In high energy (colliding) beams the maximum

Aq is boosted by 27y, .. 2 ,where y=Lorentz factor
-> @LHC (2.75 TeraVolt/nucleon, Pb beam):

28 MeV->400 TeV
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Heavy lon Collider parameters

AB Lap SExw | Brwic | Fo- | Foisz B VIR | (/s
(mb~1s71) | (TeV) | (TeV) (GeV) (TeV) (GeV) | (GeV)
SPS
In+In : 0.017 | 0.16 | 168 | 0.30 [5.71 x1072| 34 0.7
Pb+Pb : 0.017 | 0.16 | 168 25 |4.66 x1073 | 2.96 0.5
RHIC
Au+Au 0.4 0.2 0.1 | 106 [ 3.0 0.64 34.7 6.0
pp 6000 0.5 | 025 | 266 7 16.6 206 196
LHC
0+0 160 7 35 3730 243 1820 1850 | 486
Ar+Ar 43 6.3 | 3.15 | 3360 161 1080 1430 | 322
Pb+Pb 0.42 55 | 2.75 2930 81 480 950 162
pO 10000 99 | 495 |5270 | 343 3620 2610 | 686
pAr 5300 939 | 4.7 |5000 | 240 2400 2130 | 480
pPb 420 8.8 4.4 |4690 [ 130 1220 1500 | 260
pp 107 14 7 | 7455 | 2452 36500 8300 | 4504
16
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EPA(3)-mechanisms of beam loss at t

 Mutual Coulomb Dissociation( A. Baltz, SNW)
* measured with first RHIC data. Calibrates RHIC
and LHC luminosity

i Ay 1]
> Q > P
E, I
> & @, »
{ A3 |

(“photon flux”)?

K

Y4
e
| ’|
w A
L5 ..
L 4 L 'I

-

“inverse positron annihilation”

(Breit-Wheeler)

gamma

e+
[ . B
gamma
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EPA(4):Vector meson photoproduction

e gluon distribution in proton or nucleus

Pb
do
— (J/Psi — Nucleus)
‘./x_/.['/l A J/Psi or Upsilon d
Enrul —> “QCD Rutherford scattering”
‘K
2 -~ 11U =
p or Pb -1 = 2
% . Pb+Pb—Pb+Pb+]
Charge Density s 3 B (1
T S 103E )
| = :
L2 : Fnh
,u T 107 ¢
| ] -
] - SR ;. I ————
0.08% | -~ =
o) E
0.06 10
0.04! = 10 =
0.02 S
0.00% B
1 o e T N . T M O vl I v

fm Radlus

0 0.01 002 0.03 Q.O4
g —18 t, (GeV?)
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PHENIX DI-LEPTONS

2008 PHENIX Detector w fO rward tags
2 BBC (3.0<n|<3.9)

(charged)

MPC,ZDC

ZDC South
=

M

additional photon exchange a la
Baltz & SNW Central arm : 0<|n|<0.35 e-pair( 50%*2pi)
Muon arm : 1.2<|n|<2.4 u-pair

ZDC North
=

(calorimeters, neutral)

w | or 2 forward neutrons
#'rapidity gap->veto BBC coincidence
CEEMICIEES Gy

etrack cut to eliminate inelastic

Au e overwhelming pion rejection

Au*
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eresults consistent with 2004 data publication
® PHENIX sees significant incoherent component

Invariant mass distribution Gy + a4u— J/y) = A%+ p = T 1w),0,, =101 £ 07
(Ntracks<4)

“new” 2007 ee sample

e T P T Y 1776 -; C S Nt coh. (1)] ‘
m Prob 0.06911 - L esssssas Strikman et al, coh. [2)]
E 18 a 196.9+ 65.4 > L — = = Strikman et al, incoh. '
2 ..FE B ¢ 11.51+2.85 .= 2 Goncalves-Machado, coh. [ 3) ]
@ 16 E Unlike sign d 0.1224 + 0.0267 B L eessessss Kopeliovich et al, coh. 4)
14— Like sign '8 ————Kopeliovich et al, incoh. (4]
- +(subtracted)
12—
10 ‘
8-
45 1
0:_‘ 1 ‘2.IZA : ‘2.14‘ ‘ ‘Z‘GA l ‘2.8‘ . 3‘ l ‘3.2. ‘ ‘3.41 3.6 3.8 : ‘4 10 F .‘;;."":, . ) ‘i\
mass (GeV/c/2) r 5 [1)P.R.L.89 012301 (2002)...] ‘:;.
. B $ [2) P.L.B626 (2005) 72 ] %
new algorithm for event vertex C § [3)arxivo706 2810 [hep-ph] 1 3
i f [4)arXiv:0706.1532 [hep-ph] ] 3
| z0PC-zdcz {zdcz>-10008&8&z0PC>-1000} | 3‘ 1 | 1 Ly
£ ool J 25-2-15-1-050 05 1 15 2 25
8 E y
700 — .
b 0”1J/¢ + n-tag per minute at RHIC
ook e-> 10 mbarn (10/second) in ATLAS@ LHC
e esimilar to planned elC but higher /s
300~ e PHENIX studying high acceptance WL trigger
20 L ®access to incoherent
100;— J
95 '-2|o' — 0 'tl)' ' H1log - Lzlo' 30 20

z0PC-zdcz (cm)
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EPA(5)-Equivalent W Approximation

« Dominant Higgs production if M, > 300 GeV (Dawson):

P Y _‘"—GA i

5% % W(2)
%
0E>--- H HoemaH
o a # 7
—{— ~\
PP PP}
“gluon-gluon fusion” “B-decay amplitude”
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EPA(6): Measuring the structure of Protons and
Nuclei

*  “Probing Small x parton densities in Ultraperipheral AA and pA
collisions”(Strikman, Vogt, SNW)

B R L e By B B A Bay o ot
70

50

pte(Gev)
3

V—

g,anti-q
N . ujetsn

Resolving power _____

45 4 35 3 25 2 15 1 05 0

untagged, no jet cut log{xz)

quark,gluon momentum fraction ——»

Structure @ Distribution of partons(=quarks, gluons) inside proton- similar to EPA
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Coverage by ATLAS hard photoproduction

nuclear DIS - F} data

222
2o
3
55

Pb+Pb — Z°+X (5.5 TeV)

T
q’

IIIIIII

\l@2 or p_ (GeVre)

/ ¥+Pb — dijet +X
/ (UPC Pb+Pb 5.5 TeV)

10

¥+Pb — Y+X
(UPC p+Pb 8.8 TeV)/

¥+Pb — nt -" >
(UPC Pb+Pb 5.5 TeV)/

[
-

v+Pb — J/y +X PR
(UPC Pb+Pb 5.5 TeV) /_

IIIII
m‘
Q

L1y | lllIIlII | Illlllll 1 1

10° 10° 10 1073 1072 10" 1
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Parton Density Function of proton |Q’=(10 GoV)zl
CTEQ6L

™
Structure 0.9
S

4 0.6

proton . quarks, gluons is

-

0.4

0.3

density

Quark, gluon momentum fraction =

Many other EPA analogies in QCD theory of strong interactions:
e.g. Dokshitzer, Gribov, Lipatov, Altarelli and Parisi (DGLAP)
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Inelastic Diffraction

 Glauber (1955)- deuteron “free dissociation”
* Feinberg & Pomeranchuk(’56)

* “Diffraction Dissociation-50 Years Later”-SNW

Collisionless interaction->excitation

trof B to unbound n,p
A1 “/4'1’7\\) | Scattering basis stat
= o\ & — — Scattering basis states
N . : --\."E??i’r—"/ d - zcn\ljn ,\{In g

eMeasured in PHENIX: O =138 mbarn
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150 200
Energy in Morth ZDC(Gev)

D + Au @ 200Gev folzdoe 1| D+ Au @ 200 Gev Enftries - 167520
ntries ~200 = ~ Mean x
e T e Mean x 2" F ZDC)N| ZDC_S, E ZDC_N>5Gev
: — : "— ) ’ ] | M
ZDC N”ZDC _S_ EZDCN>5G°" Meany 1801 - -There js-no ractivity in-centrpl -arm, --- RMS x
E RMS 8160: ____,_B__(;_SI_ZQQ _s_’__'__-.-.s _____ S (L1 B0 ———————
----------- mooococoooooo L — 1 1 1
: C190F-,-1----- oo W R o < - - 4-----1
"""""" = = : ' :
___________ 21203 i o
T 1 B100 B AT S N SRS R Y oeee
U o — : : 1 :
___________ 5 aoj—g---:-----—:---h R
___________ GOF- 51541,
_____________ A0 - 1- - - - - - 2 AGREREE . SIS
.......... AU T R = s -
lllllllll :14I|IIlIlllIIIIIlII]II'lIIlI]lIIIIIIIIIl —
; %20 ""20 60 80 100 1Eo 140 160 180 200

2 I ndf 46.18/7 2 I ndf 49.66/7
p0  0.003221:0.0003246 po 0.003779 + 0.0003754 ° R(d-AU dissociation)= Luminosity X
g p1 0.1141+ 0. 0008019 pi 0.1595 + 0.0009401 _
& 160 s e od breakup background ie on accelerator
= B Red: ZDC N"S && Ezdcs>1OGev ; - .
L p— n residual gas ->beam current
80_12 By T g i
N = 5 P . .
5 0.4 : e AT ®-> special data runs changing beam
@ : o~ A .
S0.08— - e R separation
2 F T
So.06 i
T B R SR R e This result became basis for PHENIX
TR luminosity calibration
o : :1: ~ 1 I | 1 1 I | 1 I L l I 1 1 | I 1 1 | 1
0 0.2 0.4 0.6 0.8 1

Relative rate of ZDC N*S triggers 26
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Proton diffraction dissociation
o Large coherence peak for A>R

proton
AP, M: _m o
& = PL = Sx sm‘ ~'-Tyo.m e ‘0-?5 | —
L 1 p+pld)—X + plo) 1 .Ob d f K h' h
, served for p,m,K, high energy v's
gty ;3e500Gev’ 3 .
o1 il;% gam,’ | N =008 [Gevic - 4 and nUC|e|
N . o Aaisn 25 (oo | *6~AY3-> peripheral interaction
2 i3 * e e ] *Responsible for K, regeneration in
d’_"zwg %ﬁ} . "' o particle physics
dtdM ;q% - 5 s elo
E I -
proton
——— :' : L
.-'/.:-
01 ‘ 4
’ proton
—>_.

K.Goulianos(‘83) p(initial)  p(final)
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forward neutron production and single transverse
spin asymmetry- A

n > 6.5
~18 m +2 .8mrad
S
i @ -1 Dx magnet @ B84 [ 10cm
ZDC/SMD PHENIX IP ZDC/SMD

e ZDC (Zero Degree Calorimeter)
— 3 modules : 5.1\,

(1.7 A, 50 X, for each module)

— Measure neutron energy
« SMD (Shower Max Detector)

— Sintillator hodoscope in x and y
- Measure neutron position :

Enables us to measure A,

e Placed at a very forward angle

28
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Physics : origin of neutron A

e Cross section measurements of very forward neutron production
were performed at ISR.

— Large cross section at high x_ region (x. ~ 0.8)
— No V s dependence, scaled by x; (31-63 GeV)
e Consistent with one pion exchange model.

— In this picture A, needs interference between spin flip and non-spin
flip amplitudes. Pion exchange - spin flip

‘Cross section of forward neutron production ( integrated in 0<p;<0.11x; (GeV/c) )|

— 0.9,
-g F[ m \s5=30.6 GeV : ISR data PHENIX preliminary
= 8L \§=44.9GeV:ISR data
2 07f \s=52.8 GeV : ISR data {.
S F| = \5=62.7GeV: ISR data } i;°
$O6E o =200 GeV : PHENIX data ' ¥ 1i
i ;
205 I
w = TN i T
X oa PH ENIX L
— - 1
(o) = °
0.3 i @
o - . = T T'I
0.2
: L
0.1:— " -
|

= I I BRI AU RPN BPSAPT I SPPITS AP B A
0 0.1 0.2 0.3 0. 0.5 0.6 0.7 0.8 0.9 1

Nucl. Phys. B109 (1976) 347-356 One pion exchange model
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Polarized pp collision at Vv s =500 GeV

* In 2009 Pol. beams were colliding at Vv s = 500 GeV for the first
time.
— Average polarization ~ 35% (online value)

 Neutron asymmetry persists at this high energy !
— Local polarimetry performed with neutrons at all energies.

[ Raw asym./CNI pol. for YELLOW SOUTH |

Red : Transverse run (Fill#10340)
Blue : Longitudinal run (Fill#10382) 3o
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Forward neutron issues at high energy

B.Z. Kopeliovich, 1.K. Potashnikov, I. Schmidt and J.Soffer,arXiv:0807.1449

$=2007 : S(b)=hadr
=1, 2, 3, 5 mrad

N
|

—

3 mra
4 mrad

S mrad

L asymmerty _
o

—

1,2 mrad /_\

Asymmetry calculated with one pion
exchange model disagrees badly with
PHENIX data(x.=0.6-0.8, and 6 < 2

mrad.

— possibly due to other reggeon
exchanges. (e.g. a, exchange)

— testable with neutron p: dist.

dG3

dp>  (p*+m2)

Much interest in ATLAS inclusive n

— >measures gap survival probability
at LHC energy. determines CEP
(below)
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electron 7

- —'Iflﬁ
nucleus /o
- 7 -

Diffractive Higgs production

) 3
"| -'.:| .
—: "I nggs
2 | -
7 = .
= ~ q.anti-q
,X ,.4.—

proton

“color screening”
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Diffractive electroproduction

Diffraction(e-nucleus analogy)

non-diffractive

electron — .~ 7

-
>

nucleus 7
non-diffractive
A r'n.-
proton J» y
;. Higgs

proton




Higgs-> 7070+...
Z0->ete’, LW

=
prr—=3
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The ATLAS detector

 dimensions ~1/2 Notre Dame de Paris

* weight ~ Eiffel tower

A 100 MegaPixel detector with 40MHz frame
rate

— (~ 1 million CD’s/10sec)
e 80% of pixels in first™~ 30 cm.

* Trigger filters data in real time(1GHz->200Hz)
— Data reduced to ~7km high stack of CD’s/year
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more forward: Central Exclusive Production as a tool for new physics
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| Exclusive Higgs Prod

Central Exclusive Higgs production pp—pHp : >3 fb (SM)
~10-100 fb (MSSM)
2 — Y/ -jet

My =(p+p-p-p") b

< H :n
Background suppressed p p
By 0* selection rule \

b Jet

Higgs association from

beam Proton timing (~ 10 picosecond)
dipole
roman pots roman pots P
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M Principle
g Photocathode
Photon /
Cerenkov ~ e
Plhog')- i -8 kV Electron
electron Bombardment
or ﬂ LI Gain
A P D r%f i 1500 ime
. 0 —
o) ptl on (S‘_g{i’)‘c“e AT "\'*F Avalanche
| ] Gain
1 00 times
SMA
Connector
Cerenkov Radiation cone

Pre-production Hybrid photodetector
“A 10 picosecond time of flight detector using APD’s”, SNW et al.

Tek  Stopped Single Seq
Ingle ey

1 Acigs 13Jan 09111743
S
] \
o) Cathviade {+H4V) ! | g
i [ b1 3=
Y Anin reglon ‘
- | .
LAAPD (m)
| .
—
~ Y s o
110
R SO f M
‘h) Ici 270 e 74 .
e 1) 137 -8p Instable: histogram
chl  200mY Q

Deep diffused avalanche photodiode

M 10.0GS

5.0n:
4y Ch1 » B1E

650 picosecond riseti

0.0psk

me (B's)
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Evaluation of Hamamatsu HPD R10467-06, transit time spread & temporal shape
(Precise detection of time of arrival of (single) photons from large distances)

g Photocathode
Photon

AD

(Avalanche
Diode)

N\

s

Photo-
electron

-8 kV

SMA

Wavelength of single photon source is chosen

Connector

to match the peak of the

quantum efficiency of the HPD

Electron
Bombardment
Gain

1500times

Avalanche
Gain

100 times

Mode-locked femtosecond Ti:sapphire laser: frequency doubled from 800 nm to 400 nm

0.5+

laser pulse train

N‘W—“—W \”'"M‘WA\\ N{WW’V

92.58 MHz repetition rate

\mmwm Wiy fhw M""“”Wn fL"’wm MWWM

LA L B B S B
-10 0 10 20 30 40

time (ns)

50

typical autocorrelation

-50 -25 0 25

time delay (fs)

blue femtosecond laser spectum

100

50

B Quantum Efficiency Hamamatsu

J—R10467U-08)
|—R10467U-40)

QUANTUM EFFICIENCY (%)

T T T

750 800 850

wavelength (nm)

T T T
900 380 390 400 410

wavelength (nm)

WAVELENGTH (nm)
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Temporal response of Hamamatsu HPD R10467-06

A. Experiment

Single photon pulses ~ attenuators &
bandpass filters

frequency doubled
femtosecond Ti:sapphire \ H

HPD

Tek 694c

A=400 nm N
20 fs, 90 MHz H

10 GS/s
3 GHz
scope

photodiode
t ~150 ps

isetime

B. Temporal results

_| single photon pulses

Single photon signal (volt)

time (ns)

C. Summary

o o o o
o o o
© @ ey

o

Single photon signal (wvolt)
o
it

o

Single photon signal (wvolt)

o
[}

o
o

Ti:sapphire oscillator:
attenuate to

95 femtoWatt

~2x10°% photons/sec
(<0.002 photon/pulse)

2 photoelectron pulse

single photoelectron pulse

OUTPUT VOLTAGE (mV)

time (ns)

1. HPD has good temporal response with a rise/fall time of ~0.3/0.4 ns

(both are not instrument limited).

2. One and two photoelectron pulses were observed.

-10

laser pulse train

60

4 laser
4 photoelectron
-
2 4
g
g . L
a
W 4
=}
b4 i
5
0.0 " 0.01
® i -'|‘|‘|T'r|'lll'I [hRah
F Lo
ES E Yt
u
o
o . -
5 ”
-0.1 T T T T T T T -0.04
-100 -50 0 50 100
time (ns)

laser pulse train
dark count signal 0.04

—— ~4000 counts/sec signal

T T~ -0.04
o 100

time (microsecond)

B OQutput Waveform (R10467U-06)

50

Hamamatsu
Fa¥

Rise Time: 400 ps
Fall Time: 400 ps

40

[\

HV: -8 kV
AD Bias: 390 V

30

Coad Resistance: 50 ohm

20

10

(o]

o

L 1
1 =

' 1
3 < 5

TIME (ns)

Teubts uoIlaTa030yd

uoT3waTITTdere XQT 33339 TeubIs (dH
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Transit time spread & time jitter, using 100 MHz leading-edge vs CFD vs PicoHarp

|—| PicoHarp 300
400 nm Rioaeroe HFP| 1 | ortec 9306 Chi
fs pulse I_I 454v. 8.5 kV ] erer —~ 1 GHz preamp Detector input
ET 2010 photodiode inverter CHO
tisetime ~150 ps (Syn)

B 100 MHz discriminatot Ortecd436, 58ps
O 100 MHz CFD Ortec834, S54ps
—&— PicoHarp result
le+00 —
o
g le-01 —
o
P —
"
= 1e-02 —
1le-03 —
le-04
u} 500 1000 1500
time (ps)

PicoHarp TTS measurement = square root((32 ps)*2 —(18 ps*2)) = ~26.4 ps (FWHM)
A short exponential tail remains.

-> going into beam test rms jitter from electronics&TTS< 107 sec
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T. Tsang, M.Chiu, M. Diwan, S. White,G. Atoian, K. McDonald, K. Goulianos, D. Acker

Applications: RHIC upgrades, electron-lon Collider, SuperBelle, ATLAS- AFP
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Convert 10" — 10° /pulse — 10°

do 7202 5 0 @ . .,0
T = 5 . 10 CcOSs”™ 3 - SIS sin” 3
ds? point 4p? sin 5 2 2mg 2
electron rate in 1 cm’counter, 120um Au
1000~ — o T T
v 100;
=
S
2
S~
g 10
&
>
%]
) 1

0 20 30 40

scattering angleo, 1m away

a thin foil (~50 micron Lexan) sufficient for 1e/cm”2 @ 1 meter
and 90 deg.
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Some Picks for LHC

inclusive and diffractive PDFs (p and Pb)

Quarkonium photoproduction g2 (LI})

inclusive neutron at large xF gap survival probability at LHC
70 0% n,xp > .8(ATLAS — ZDCQ) critical for CR physics at E>10216 eV

very forward upgrade to ATLAS new physics through central exclusive

43
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Summary

a century of progress on the structure of nuclei
and the proton

enabled calculation of new physics at level of
10_12 X Otot
Forward physics covers a wide range of topics

very significant among them is EM interactions
of nuclei which will be the frontier for nuclear
and proton structure in the next decade.
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Extra Slides
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Summary

* Significant advances in understanding of
structure

e These enable searches to level of ~1012 of
Interaction rate

* Coherence is potentially a powerful tool for
measurement and discovery of the Higgs
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Time of Flight at 10 MHz with 10 picosecond resolution

BNL Instrumentation: T. Tsang

BNL Physics: M.Chiu, M. Diwan, S. White

BNL CAD: G. Atoian

(BNL ATF: V. Yakimenko)

Princeton: K. McDonald

Rockefeller: K. Goulianos

D. Acker, co-Chair SUSB Trustees
Applications:

®RHIC upgrades

eelectron lon Collider

eSuperBelle: Top counter, etc.
® ATLAS- AFP system
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Time of Flight at 10 MHz with 10 picosecond resolution

T. Tsang, M.Chiu, M. Diwan, S. White,G. Atoian, K. McDonald, K. Goulianos, D. Acker
(BNL ATF: V. Yakimenko)

Princeton: K. McDonald

Rockefeller: K. Goulianos

D. Acker, co-Chair SUSB Trustees

Applications: RHIC upgrades, electron-lon Collider, SuperBelle, ATLAS- AFP
®RHIC upgrades
eelectron lon Collider
eSuperBelle: Top counter, etc.
® ATLAS- AFP system
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Single photon response
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Fast Timing Principle for ATLAS FP

*Particles pass through Cerenkov radiator-> prompt light pulse( unlike scintillator)
Photons are nearly along particle path for gas radiator: tan6.~V(n?-1) so very small

transit spread

Light peaked in UV-  N(A)~ (1-1/(n?(A)))/A?
*For simple thin quartz radiator
optimum at length ~ 1-2 cms

Quartz Radiator
Better suited for pixels

Achieved 0,=40 psec/bar with

0,.2= Ogapiaror>tOpmr? ~ 1.7%¢cms.)+25/€  picosec so

Gas Radiator

Better for light spread and collection
bad for segmentation

Achieved 0,=13 psec with

Hamamatsu R38Q2kkdMCTP-PMT

Aluminium @
v

Proton —

! Lens

MCP-PMT




Handling antimatter(Sony Pictures)
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Movie Star visits ATLAS
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Decay modes of the Higgs
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Central Exclusive Dijet @Tevatron

Supports exclusive H® prediction of

Khoze, Martin & Ryskin

=qg antiquark)+p

pp->p+letlet(
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Higgs Production and Decay
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PET scanning

High resolution timing could significantly improve image resolution and speed
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Rutherford Experiment

Measured Angular dependence of rate using scintillation flashes in ZnS
*R. Calculated an angular dependence of ~ L4for a point nucleus
and a distance of closest approach | poteﬂntial energy=5 MegaVolt)
of ~30* 1013 centimeters ( a bit bigger than the gold nucleus)

~ b =
Detector Lead e '
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(b) (c)
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the ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

y,
4

\
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\

/
\! |
)|
]

Toroid Magnets Solenoid Magnet SCT Tracker  Pixel Detector  TRT Tracker
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