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* Forward Detectors

e bvent Characterization

* Luminosity Determination

* Inclusive forward particle production

* Spin Dependent Asymmetries @ RHIC

e Coherence in EM processes

* Central Exclusive Production at the Higgs scale




PHENIX COVERAGE

forward:

BBC (3.0<n|<3.9)
(charged)

2008 PHENIX Detector

MPC,ZDC
ZDC South ZDC North
(=] m|

(calorimeters, neutral)

di-leptons the strong Central arm : 0<nj<0.35 e-pair
U i_t___> Muon arm : 1.2<n[<2.4 p-pair
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PHENIX Zero Degree Calorimeter

Measures large xg neutrons
Large acceptance for “spectator neutrons”

. . . :l:
in Heavy lon collisions —> +2.8 mrad

3 modules
150X, 5.1,

%

oo ~

(Shower Max Detector)

] 1

‘1zDC
eScintillator strip layer (SMD) used to measure pt '
of neutrons and azimuthal angle determined by centroid /

Neutron position can be

i thod 6= lcm).
eno coordinate readout for photons method 6= 1em)
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ATLAS coverage
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ATLAS ZDC fully integrated in TDAQ May "09

Tunnel 1-2 Tunnel 8-1

emeasures high energy gamma and
neutral hadrons

e hottest detector at the LHC

eunique in fine gained shower pos’n
measurement->direct photon, pi0

HHH

il

HHH

\H ] {10

IP1
X
pre- and post-irradiated fibers to 200 (k
28 Gigarad o 4&\ W I el

Channel Number

8 PMT * 7 time slices in ATLAS Ll1calo

05/24/09 Sebastian White 6
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ATLAS Forward Detector Suite

Cerenkov cone =

LUCID : ATLAS LUminosity using 5.5<|n| <6.0
Cerenkov Integrating Detector

Cerenkov tube

ALFA: tracker to measure absolute Luminosity for pp by elastic
scattering in CNI region to ~3%.

+ Minimum Bias Trigger scintillators (MBTS)

+Beam Conditions Monitor(BCM)

All used in conjunction with ZDC to measure and monitor Luminosity

05/24/09 Sebastian White

Tuesday, May 26, 2009



Event Characterization in Hl and pp

e Directed flow |r.1 dlstrlby‘uon of ' Reaction Z/
forward neutrons in Hevy ion collisions plane
defines reaction plane \ /
* L(b) vs. b known a priori AR vaw/ J/
["ban N
2 & %Centrality LA i

J'b'db' I -~

0
» ZDC neutron multiplicity determines b y

in polarized p beam running at PHENIX 1 N
‘ i T
: . . . ~ . x /owon oz
spin orientation given by ~8% spin /¥ neutron
/B 7
(R ’
dependent asymmetry in n distribution x 1 1
O, —Og
¢ proton A4, = 5 T
o, +0,

Sebastian White
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Luminosity determination from beam scans: more forward->higher

1o
IR
¢

*

=L 2

e
pre

Qop

-

a
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®o - o
- o ©
+

] 1 2 3
horizontal scan (mm)

machine based luminosity
_ 3L NN

2 g
N,=56;N=1x10’
=15 to 40/mnm;
B =1-10m

L

horizontal scan determines beam size
(lower curve is ZDC)

Absolute Luminosity from physics cross section
A.Baltz &SNW

sigma(ZbDC)=10.3b ->dL/L~5% w. 4 hrs. of
data. Same calculated for LHC.
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> O > -
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C
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| A3 A3
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Inclusive neutron production in PHENIX

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

— 0.9,
-g [ m \5=30.6 GeV : ISR data PHENIX preliminary
= 080 o \5=44.9GeV: ISR data
=07k \s=52.8 GeV : ISR data +i
- — [ ]
s FE| = \s=62.7 GeV: ISR data .l. 55l
V_0.6[] . grTiy
& "E| e \s=200 GeV : PHENIX data $ -l l'['
SGEE: B
w =R s g T}
X 04 PH ENIX ; |
5 03 .3 .{f
0.2 B !
] & - 1 l
— a B B il
0.1 -
- L] | Lol | | | Ll
0 01 02 03 04 05 06 07 08 09 1

Xp

pTt acceptance
assumes ISR result

Integrated py area :
0<p;<0.11xz GeV/c
at each xp point.

Cross section consistent with the ISR data; No evidence for violation

of xg scaling at higher energy.

- Leading neutrons at RHIC energy are also described by the OPE

model.
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Leading neutron A, in PHENIX

Polarized pp collisions at v s = 200GeV

~18 m

Dy magnet +2.8mrad
- =29
|l @ - ® I 10cm
ZDC BBC (3.0 <[n|<3.9) ZDC
neutron ;i;?:igctle:s
Without With s neutron
BBC hit BBC hit N
A

Forward Neutron Asymmetry ¢ distribution ZDCN|S trigger

z

< n . . —V.—__
| PHENIX preliminary
01 PH ENIX
0.05]-
) <
0051 A, = -0.066 = 0.006
-0.1[neutron energy Scaling error of 20%
[Above 40 GeV, , , , ,, isnotjincluded. = |
-1.5 -1 -0.5 0 0.5 1 1.5

o (rad)

Forward Neutron Asymmetry ¢ distribution Minbias&(ZDCN|S) trigger

z
< I ~—
_ PHENIX prelimina
01 P Y PH ENIX
0.05|-
7 40 AN
0051 A, = -0.083 + 0.004
.0.1[-neutron energy Scaling error of 20%
[pbove 40 GeV, | isnotincluded. |
A5 A -0.5 0 0.5 1 1.5

¢ (rad)
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Tuesday, May 26, 2009



Future measurement :
A, measurements at various \/s

rrp = pL/pL(mar) = FEp cos 971/EP e EH/EP
a

is pr = FEusinb, ~ zpE,b,

- pr 1s approximately proportional to the incident
proton energy. 2> pr-dependent Ay

- We have measured finite asymmetries at V
N(mnEn) |s=62, 410 and 500 GeV
- We already measured significant Ay in all.

(mp,Ep)

N

Vs =62 GeV \V's =410 GeV \'s =500 GeV

From this year’s run

Arbitrary unit (Measured AN)
Arbitrary unit (Measured AN)

Arbitrary unit (Mcasurad A b
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Compare to calculated Asymmetry

B.Z. Kopeliovich, [.K. Potashnikov, I. Schmidt and J.Soffer

arxXiv:0807.1449

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

0.1 r
> ‘
g o=
GEJ 1,2 mrad /\

O e —

E 3 mrad
5" 4 mra
©

-01 + Smrad

05 06 07 038

0.9

 Asymmetry calculated with one pion

exchange model.

 calculated asymmetry is smaller

than observed.
—PHENIX kinematic region :
X=0.6-0.8, and 0 < 2 mrad.

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

—testable with neutron p: dist.
do - 1
%
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Potential Uses of neutron tagging in ATLAS and PHENIX

neutron tag selects pion component in the
proton and hence d
application in 2009 PHENIX pp data on W+/- at

Js = 500GeV
ATLAS , PHENIX Drell-Yan

pp-> n+n+X potential measurement of pi+pi+
scattering at high energy

Used throughout in EM interactions of heavy ions.
Significant fraction of cross sections include a
second (soft) photon exchange which produces

a beam energy neutron at O degrees. oo
This is needed for triggering. oo
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Other forward inclusive Production

e ATLAS ZDC granularity opens possibility to
measure Lambda, Gamma, pi0, etc. at large xr

© Q : O d
A ~ES(r) - 0 XYY
r 10. -
€ 9 10°ET % n—-mM
AN A
G / o & 10 “"“‘L =YY
w1 [l LHL

PR TR W (T NN VRN NN SN NN VN RN SN N | |
0 200 400 600 800 1000 1200
© S 3) € M, MeV




EM Production: The Equivalent Photon Approximation

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

velocity

>
>

b(impact
parameter)

|
Etrans(r)
gxb g en e :
E ins = b7 + 22 - A “field of light” with intensity a,*at frequency
n/T
Expand in harmonics: For resonant excitation all a,, ineffective except

2nn X t at resonant frequency.
E trans = Zanzcos( )
05/24/09 Sebastian White
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Cross sections

P(b) and equivalent cross section

Equivalent field of light is calculated for

each impact parameter.
1.0
But Impact parameter unmeasurable
(i.e. ~10'19 meters) %0'8
_ . Z0.6
->calculate an equivalent radius 8
£04
npzzznjbe(b)xdb:G 02
-> cross section (o) 0
8 0 0.5 1.0 1.5 20
Impact parameter
Units: Examples:
1 barn=102*cm?
Gold+Gold->e*e+Gold+Gold = 33,000 barns
1barn/atom->~1
Proton-proton Interaction ~0.1 barns
=101 barn

interaction for typical
Diffractive Higgs@LHC

target
Sebastian White
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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 (Z/N 1cm) Coherence condition:

p 108 }
re ™ |\\/ F: —_—

v ™ | - J
E, YA . N

LI ) \
- |

" \

LS i

hg = (hw /e, hqg)

—_—
VAVAVAVAVAY !
=

2
E}/ < 2 y Lorentzhc

— / -
T AN ! —— i U OSSNV N—

lbunchn’ 10-* "y e o
Sebastian Wi B (GeV)
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EPA(2)

* The effect of coherence is significant in collisions with
composite targets

— Single photon process ->(Zucteus” de)?

— Two phOtOI"I '>(Znucleus*qe)4

e The price of coherence is the limit on momentum transfer,
Aq<hc/(2mR,,qeus) OF A>target size

* In high energy (colliding) beams the minimum

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

28 MeV->400 TeV

Sebastian White
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EPA(3):Vector meson photoproduction

e measures gluon distribution in proton or nucleus

Pb
(/'
/ 2 J/Psi or Upsilon
s
- f./'l . > — —
) N e -
e -

e

) ',/‘l ,/" (&

=)

T >
[ S
=
<y <
= =
& <)
I
& o)
) !
p or Pb

*PHENIX low statistics run:
*Quasi-elastic J/Psi + high
mass Yyy->e*e" continuum
*ATLAS will also measure Upsilon
with high statistics
etrigger->ee+gap+ZDC

dN/dm_, (counts)

“Central Exclusive Production”

12-

10-

PHENIX AuAu UPC s> = 200 GeV

* e'e’ (unlikesign - likesign pairs)

s 2 .
3 e‘e’ coherent continuum

-------

-------- max/min e‘e’ continuum

E High-pT trigger threshold region

I,

=2 3 4 5 6
m,. (GeV/c?)

Sebastian White
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w

dN/dp_ (counts)
)

-h

M= [2.0,6.0] GeVic?

PR BT | I | P PR R T |

0.4 0.6 0.8 1
p, (GeVic)

do/dy (1 b)

102

T \ll'llll

10

UPC Au-Au - Jiv Xn 200 GeV
L PHENIX
=mmmm Starlight, coh.
Strikman et al, coh. + incoh.
== == Goncalves-Machado, coh.
Kopeliovich et al, coh. + incoh.

YT I P P AT I TA ITYTA AT ANTTUNNY, 1 TiT
-25-2-15-1-050 05 1 15 2 25

ee pt distribution (Mee> 2GeV)

Comparison to models including incoherent part
PHENIX Run 7 data will increase statistics by 3

could implement recoil neutron cut to select
incoherent

extension to forward muons interesting

Sebastian White 21
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EPA(4)-mechanisms of beam loss at the LHC

* Mutual Coulomb Dissociation( A. Baltz, SNW)

|
[
\ 13 L
> Q > >— \-%ﬂ"
A = §
< ‘l‘: ‘
I I rl 4
L B
> > 0 > -
{ A3 A3 v =

*Coherent Pair Production (various)

)

“inverse positron annihilation’
(Breit-Wheeler)

=T A o e+
2 L ! { - &
(“photon flux”) L
X e
- gamma e

2T NVasLIall vviliiLlc
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EPA(5)-Equivalent W Approximation

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

o~ -
P - p -
% b w
5 @ ">‘.’_Vu (Z)
P>
0 ---H H-===H
20 'v"’j'
.;r'g S WI(Z)
(r -
—{— L
PP PP}
“gluon-gluon fusion” “B-decay amplitude”

Sebastian White
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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)

Rates for ATLAS Dijet photoproduction

Phu(GeV)
3

— P q,anti-q

‘ S “jets”

4
r
_
i s
5 =

Resolving power

45 -4 -35 -3 =25 -2 -15 -1 0.5 0

untagged, no jet cut log{xz)

guark,gluon momentum fraction @—+—»

Structure @Distribution of partons(=quarks, gluons) inside proton- similar to EPA

Sebastian White
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05/24/09

Coverage with UPC in ATLAS

T

—r
%
TTTTTT]

\E or p_ (GeV/c)

10

nuclear DIS - F} data

Pb+Pb — Z°+X (5.5 TeV)

B nwmc

= ETT2
E=] E139
B ccss
[ Jemc

e
e
e

/ v+Pb — dijet +X

/ (UPC Pb+Pb 5.5 TeV)

¥+Pb — Y+X

IIlIIIl

(UPC p+Pb 8.8 TeV)/

v+Pb — nr —">
(UPC Pb+Pb 5.5 TeV)/

¥+Pb — Jiy +X
(UPC Pb+Pb 5.5 TeV)

IIII|

L | lIIlIIII | lIIIllII |

11 IIlllII

L

10° 10

Sepastian vvnite

10°

1073 1072

10"

1
X
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Inelastic Diffraction
* Glauber (1955)- deuteron “free dissociation”
* Feinberg & Pomeranchuk(’56)

Collisionless excitation to unbound n,p

_ — Scattering basis states
d=Yc V¥ = :

Calculated as a correction to deuteron stripping

e Measured in PHENIX

* “Diffraction Dissociation-50 Years Later”-SNW

05/24/09 Sebastian White
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PHENIX Measurement of deuteron Dissociation

At RHIC energies electromagnetic dissociation becomes significant part of d+Au->n+p+Au

since both calculable -> basis for luminosity of PHENIX dAu data

| ZDCNIZDCS rates |

‘ North ZDC Energy I ZDC energy
Entries 97545 £
#® [ Mean 102.7 g 1} Fitby line ax+b
r RMS 36.65 =% I | Entries 3
1400 2 H | ©
- x2/ndf 330.7/143 Signal g t| wmean 0.7372
r p0 518.6 = 10.4 8 I|rws 0.377
1200 p1 93.23 + 0.80 Q08 |,
C A N | |/ndt 0.01492/1
i Pz 15-?:9’—'+°66: S |l|wo 0.9397 = 0.0229
1000 - p =0 R Ll p1  0.06552+0.00642
L p5 112.1:0.7
800 r p6 18.17 = 0.77 i
i trigger
600 [ 04—
400 .
0.2 with cuts
200 L
b J 1 1 1 | L 1 | | L 1 | | L | 1 | L 1 1 I 1
ol 11 [N AR A AR, R0 ST BT 0[) 0.2 0.4 0.6 0.8 1
0 50 100 150 200 250 Ge?Ioo ZDCN*S/maximum
neutron energy in d+Au->n+p+Au Luminosity @ constant current

(6% tail from inelastic)

Sebastian White
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Proton diffraction dissociation

e Large coherence peak for A>R

dtdM* -

K.Goulianos(‘83)

proton

*Observed for p,m,K, high energy v's
and nuclei
*0~A1/3-> peripheral interaction
*Responsible for K, regeneration in
particle physics

proton 7

proton

p(initial)  p(final)

Sebastian White
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Diffraction(e-nucleus analogy)

 Diffractive electroproduction non-diffractive

electron ' electron ' "

-

nuclaus 7 nucleus .
N U = T s
- »

Diffractive Higgs production non-diffractive

proton proton Y
\ L ™ - > s- L
—.. < ')l A
- , > .
2 S Higgs ! Higgs
_‘;’I ;- i : = [ S— Y -:_:;.':— -
_“ q, anﬁ_q :( q, anti-
--‘: ¥ . :‘; S
proton

proton
“color screening”

Sebastian White
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The ATLAS detector

e dimensions ~1/2 Notre Dame de Paris
* weight ~ Eiffel tower

* A 100 MegaPixel detector with 40MHz frame rate
—(~ 1 million CD’s/10sec)

* 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

Sebastian White




EXPERIMENT

GATLAS

Higgs-> 7070+...

Z9->ete’, LW

05/24/09
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ATLAS FP :A Search for New Physics Using Forward Proton Detectors

Tuesday, May 26, 2009



Central Exclusive Dijet @Tevatron

Supports exclusive H° prediction of

Khoze, Martin & Ryskin

pp->p+letlet+p

Sebastian White
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—  X,,=0.002

— \”._0 0rs e X p=0
—~ 25
[
= [ Beam Pipe
g 20 ‘
o=, limits
Z 15
~
—
> 10
7 el Detector
§ 5 area
=
—
T 0 closest
approach
-5 L L 12 0 ~3mm
0 S0 100 150 200 250 300 350 400 450 500
S (m)
Acceptance for Higgs: a) 420+420 b) 420+220
[ B et E
e 05 IP1 Acceptances 420+420 € 0.7F IP1 Acceptances 420/220
@ YIL ol C
‘g. B Silicon distance 8- 0.6 F Silicon distance
<o C o < i
2 04 i ’ mm g 0.5 :_
03 _— N, c L Tmm 0.4 E— wer 5mm
C 3 8 F
0.2] \. U
- 0.2F
0.1 -
X W | b)
0.0l biwut il il iy YL B R NG By 0.0E-Lu bl
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240
Mass of Higgs (GeV) Mass of Higgs (GeV)
05/24/09 Sebastian White
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-ltl'al Exclusive Higgs Produc_
Central Exclusive Higgs production pp—pHp : >3 fb (SM)
~10-100 fb (MSSM)

M, =(p+p-p-p) b et

AM = O(1.0 - 2.0) GeV gap / gap

o p %ﬂlﬁl\“é >
p Jet

Higgs association from

beam Proton timing (~ 10 picosecond)
dipole
roman pots roman pots P |

05/24/09 Sebastian White
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High Rate (20 Mh2Z) Very Fast timing ( 10 Picosecond) critical to the success of CEP Higgs

measurement (see e.g. Cox and Pilkington)

MSSM Higgs (tan B =40, M, =120GeV): min 3 years nominal lumi

v S

L3 A a) g = ([\ b)
- 1 A e 3 .
* IREN/A A\, 3o significance ¥ b So significance
SIS | 1y A h—bb
2 ; | J 1 - 12E- . \
s LA | RN | - LY v
i e G O Tyt T P oof (T TV
't = ): dooi 4
b “ 1 ::- N“'D-;& .
: | . ! r——
0 (kL] 140 L] 100 ™ 120 15 @
N (GeV) N (Sev)

a) - b) : pile-up background rejection with ToF system

05/24/09 Sebastian White

Tuesday, May 26, 2009

36




Fast Timing Principles developed in FP420

*Particles pass through Cerenkov radiator-> prompt light pulse( unlike scintillator)
*Photons are nearly along particle path for gas radiator: tan6.~V(n2-1) so very small
transit spread
sLight peaked in UV-  N(A)~ (1-1/(n?())))/A\?
*For simple thin quartz radiator  6,2= Gpaparor>tOpyr2 ~ 1.7*¢(cms.)+25/¢  picosec so
optimum at length ~ 1-2 cms

Quartz Radiator Gas Radiator
Better suited for pixels Better for light spread and collection
bad for segmentation
Achieved 6,=40 psec/bar with Achieved 0,=13 psec with
PHOTONIS Planacon PMT Hamamatsu R3809U MCP-PMT
gastof™
Aluminium l@ur%

v B

Proton —
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Cerenkov
or
APD

option

Cerenkov Radiation cone

M Principle

g Photocathode
Photon /
Photo- -8 kV Electron
electron Bombardment
Gain
2 1 500 time
(rfr(((
AD > oY
. /(I ‘l \\
(S\g(ir)lche AN O8N Avalanche
I 1 Gain
1 00 times

L1

SMA
Connector

Pre-production Hybrid photodetector

“A 10 picosecond time of flight detector using APD’s”, SNW et al.

Ra

== 4

A Dowet

Cathunde (+HV)

LAAPD (m)

i

f—

270 o

—]

05/2588 diffused avalanche photodiod

eSebas‘tian White

Tek  Stopped Single Seq
hd

1 hgs

Ungtable histogram. . |

13 Jan 09 11:17:43

Ch1 200mY Q

M5.0ns 10.0GS4 1T 10.0pshpt
# Chi

650 picosecond risetime (B’s)
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Summary

* Forward detectors with capabilities beyond those
of RHIC and Tevatron experiments have been
built and commissioned for the LHC- despite the
very difficult challenges imposed by radiation,
rates and mometum compaction

e forward detectors increasingly important for new
physics

Tuesday, May 26, 2009



the ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker  Pixel Detector  TRT Tracker
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Handling antimatter(Sony Pictures)
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