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Direct Photon Measurements In
Particle Physics

Gluon mpton cattering Annihilation & Bremsstrahlung

 Interesting probe: half a di-“jet’—same collision process but y has no
fragmentation

 No measurements of direct photons at sqrt(s) = 200 GeV
 Probes x=0.02-0.14 @ p; = 2-14 GeV/c

« Compton scattering dominates--probes the gluon distribution —
eventually do A, A, measurement with direct photons

* Reduces uncertainty on pQCD photons in AuAu
— Background to thermal photons in AuAu at mid p;?
— Excellent control for strong modification effects—better than d-Au
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Direct Photons in AuAu

* Many sources, different p; regions
— Thermal Sources (p < 3-4 GeV)

-Partonic (QGP!) , Hadronic Gas (new resonance diagrams -> theoretical
uncertainties)

-Largest Backgrounds, PHENIX systematics still under investigation in this
momentum region

— Hard Scattering (p > 3-4GeV),

-In central AuAu,

n%/meson background suppressed
-"Cleanest” region (pQCD dominates)
-PHENIX has good sensitivity here—
e.g. excellent triggering capabilities.
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PHENIX Direct y’s: Step 1)
Measure Inclusive Photon Spectrum
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— Hadronic Shower Contamination (pp ~25-18%, AuAu 15-5%)
(see G. David, T. Sakaguchi posters)

— Conversions (4%)
— In central AuAu, overlap efficiencies through embedding
— Off-vertex background (3%)
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PHENIX Direct y's: Step 0)

Measure Background

 We are looking for the signal over a large background
* Requires precise knowledge of the =¥’s

P

PHENIX Run2
200 GeV p-p

Phys. Rev. Lett. 91,
241803 (2003)

— Vogelsang NLO

+p->n0 + X

pr (GeV/c)

Calculated y from =°
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Vogelsang calculation reference: JHEP
9903 (1999) 025/ Private Comm.




Other Background (n, n’, o,...)

 mn - 18% of bkgrd: for calc., fixed by = through my-scaling (n/m= —> 0.55)

 New Preliminary pp n measurement (see H. Hiejima poster) consistent with
m scaled calculation

« Evidence that AuAu n/m ~same as pp (see S. Mioduszewski poster)

n Invariant Yields Calculated y from n0
o'l PHENIX Preliminary .
.f\ Run2 p-p 200GeV v
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Other Background (n, n’, o,...)

 mn - 18% of bkgrd: for calc., fixed by = through my-scaling (n/m= —> 0.55)

 New Preliminary pp n measurement (see H. Hiejima poster) consistent with
m scaled calculation

« Evidence that AuAu n/m ~same as pp (see S. Mioduszewski poster)
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Other Background (n, n’, o,...)

e Other “cocktail” (n’,m) contributions (% level) also m--
scaled from r°
Calculated y from all decays
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Other Background (n, n’, o,...)

Calculated y from all decays

—

(=] o -] ~ o wn (] [ -
c;I'I'I'I'I'I] IIIII'ITI] IIIIIH'I] IIIII'ITI] IIIII'ITI] IIIIIH'I] IIIIIIII| IIII|'|T|'| IIIIIﬂ'I] IIIII'ITI] IIII|'|T|'| TTT

10
10°
10°
10"
10
10°
10°
10°
10°

S,

II|III|III|III|I\I|III|\II|I
2 4 6 8 10 12 14

pr (GeV/c)

PH ENIX




Finally, Divide By Pizero

0
Yall decay background [

D\\|2||\4|||6\\\B|\\10\||12|\|14||\16

« We do this because doing the same with the actual point by point n°
and inclusive y measurements will cancel many systematics

« Variations: Tagging Methods (reject y pairs in 7° mass window),
Isolation Methods Remove inherent background so smaller

(v/ T)expected backgrd

 Then we can compare measured y/zx with background y/= ...
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Finally, Divide By Pizero

Tagging Method
Bkg Reduction

D:\|\|||\|\\\||||\\\ P T T
0 2 4 6 8 10 12

pr (GeV/c)
 We do this because doing the same with the actual point by point r°

and inclusive y measurements will cancel many systematics

« Variations: Tagging Methods (reject y pairs in ° mass window),
Isolation Methods Remove inherent background so smaller

(v/ T)expected backgrd

 Then we can compare measured y/zx with background y/= ...
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Finally, Divide By Pizero

v/7% Measurement

2
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Tagging Method
Bkg Reduction
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 We do this because doing the same with the actual point by point r°
and inclusive y measurements will cancel many systematics

o

« Variations: Tagging Methods (reject y pairs in ° mass window),
Isolation Methods Remove inherent background so smaller

(v/ T)expected backgrd

 Then we can compare measured y/n with background vy/= ...
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Run2 p-p Results

LS 2.5F
0.9F 0 i .
0-82—_|_ * Y/TC measured 2:— Ratlo
OK z;g: _ Y/TCO expected bkg 1_5; I
;, 0.5;— -+ B + + + +
04 4 f* &
0.3F e, B
0.2 _L_LJ_L‘?‘L—LL*_.__._ 0.5/
0.1 PHENIX Preliminary " - PHENIX Preliminary +
R R R S S T R [T S S S T
Py (GeV) p; (GeV)
*Excess Above Background Double Ratio:
['Y/n]measured / [y/n]background - Ymeasured/Ybackground
*The excess above 1 is the direct photon signal
Direct y signal found in 200 GeV pp
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PHENIX Run2 p-p Direct Photon

Measurement
10° ¢
N PHENIX Preliminary
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* Vogelsang calculation: different scale factors (0.5,1.0,2.0), using

CTEQG gluon pdf: JHEP 9903 (1999) 025/ private communication
o See K. Reygers poster for analysis details (Tagging statistical method)
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From p-p to AuAu: Binary Collision
(N.o1) Scaling

 Look at, e.g., n° in Peripheral AUAU: ¢ = peripheral
- @ Central
INEW‘ L d d 1,2_— ] RAA
‘tﬂ Ryp(py) = (1/N3g) Nyp/dndpy 1.0 tpree +_- .......................
! < ) d Gpp/dndpr o.si— +T .l+ .‘
B N L
N}/ 05y, Glauber Nucl. Overlap 02.,.."..¢‘.".‘.+
’ é B ° sp-rl(ét;\:f?:)

* In central events, scaling broken—> suppression! Jet
suppression? But the dense strong charge final state
shouldn’t inhibit direct y
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Neutrinos, they are very small.

They have no charge and have no mass
And do not iInteract at all.

The earth 1s just a silly ball

To them, through which they simply pass,
Like dustmaids down a drafty hall

-John Updike
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Direct Photons, they are very small.
They have no charge and have no mass
And do not iInteract at aII
The QGP is just a S|Ilyeball
To them, through which they simply pass,
Like dustmaids down a drafty hall

- Jehr—dpeike

-Michael J. Tannenbaum
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From p-p to AuAu: Binary Collision
(N.o1) Scaling

 Look at, e.g., n° in Peripheral AUAU: ¢ = peripheral
- @ Central
INEW‘ 2 d d 1,2_— ] RAA
‘tﬂ Ryp(py) = (1/N3g) Nyp/dndpy 1.0 tpree +_- .......................
! < ) d Gpp/dndpr o.si— +T .l+ .‘
B N .
<Ncoff>/o-m€} Glauber Nucl. Overlap 02..,.."..¢‘."|".+
(]  R— 6 spTl((;;JfO)

* In central events, scaling broken—> suppression! Jet
suppression? But the dense strong charge final state
shouldn’t inhibit direct photons
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From p-p to AuAu: Binary Collision
(N.o1) Scaling

« Look at, e.g., n° in Peripheral AuAu: &,/
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* In central events, scaling broken—> suppression! Jet
suppression? But the dense strong charge final state

shouldn’t inhibit direct photons (\q
d-Au control experiment shows scaling is not d
affected by initial state effects but does so e
only at small values of N, U

A

"
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High p- Direct Photons: A Better
Control

e “Side by Side” at same N,
« Rates calculable in pQCD, measurable in p-p
e Less sensitive to non-perturbative QCD

 Once signal is identified, measure jet-y correlation E,
accurately studies E;, modification

 Promising future: (no separate run)
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PHENIX QM’02 Preliminary Result

2.0¢ — : —
- PHENIX preliminary ;_ PHENIX preliminary d
(i) | () 1 , ﬁ J +
; Relntio | 1.05_ _________ - “‘++++++ ......................... _ ......... e _._.__‘__’_+*++ ...... + ...........
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L T S e S B S T B
Improvements: Pr(GeV) p- (GeV)

: PHENIX Run2 r°
4 more GeV of n”s at high p;! "

e AuAu Central 0-10 %
 New level2 triggered data set 1 "
. Efficiency with full embedding . .. ¢ Phys. Rev. Lett. 91,
. . 10 . 072301 (2003)
» PbSc single y systematics under - ..
control 10° e,
« Multiple independent analyses 1~
10°
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PHENIX QM’02 Preliminary Result

2.0: E ..
- PHENIX preliminary ;_ PHENIX preliminary d
() () , ﬁ J
+ FRefo 1_05_ _________ -, “++++++ ......................... e ’*+++*++ ...................
e e 3 | 3 ++
™ b AuAu 200GeV Central | Peripheral
T g
Improvements: Py (GeV) p- (GeV)
B, AuAu Central 0-10 %
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« Efficiency with full embedding . . ¢ Phys. Rev. Lett. 91,
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control 16° v,
e Multiple independent analyses 1~ MSEAR
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New Results Central 0-10%
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New Results Central 0-10%

(TI nu)measured / (YI nu)sim
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New Results Central 0-10%

S
c 4.5~ PHENIX Preliminary PbGI / PbSc Combined
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New Results Central 0-10%

SE
45 PHENIX Preliminary PbGI / PbSc Combined
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New Results Central 0-10%

SE
c 45 PHENIX Preliminary PbGI/PbSc Combined
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Excess Over Background Ratios, All

Centralities
S
£ 4 55 PHENIX Preliminary PbGI/PbSc Combined
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Excess Over Background Ratios, All

Centralities
5
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Excess Over Background Ratios, All

Centralities
S
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Excess Over Background Ratios, All

Centralities
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Excess Over Background Ratios, All

Centralities
m
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Excess Over Background Ratios, All

Centralities
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Excess Over Background Ratios, All

Centralities
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Excess Over Background Ratios, All

Centralities
5C —
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Excess Over Background Ratios,
All Centralities
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Systematic Errors

On y/m Double Ratio (1o In %0)

Central

v Measured
Efficiencies
Acceptance
70 merge to MisID vy
energy-scale
energy-nonlinearity
Level2 trigger

Photon Spectra
Central overlap eff. ¢
CONVersions
charge contam.
neutral had. contam.
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2

3.6
3.5

1.7
8.6
5.8

9
2

24
0.7

1.7

2.8

9
2
6.3
3.3
0.7
0

1.7

2.8

9
2

2.8
3.5

1.7
8.6
5.8

Periph.
3Gev 7 11 3Gev 7

9
2

0.5
0.7

1.7

2.8

Central Periph.

z° Spectra 3cev 7 11 3cev 7
acceptance fit 301 1 3 1

conversions 1.7 1.7 1.7 17 17

point to pt. extraction 10 8 8 8 8

v/ Expected Background

nin 4 4 4 4 4
other decays 1.7 17 1.7 1.7 17
fit to w0 3 3 3 3 3
70 pT-correllated 4 4 4 4 4

systematic errors

Totals: 21 15 17 18 15

3Gev 7Gev 11Gev 3cev 7GeVv

Central

Periph.



Conclusions

e First PHENIX full measurement of direct y made in pp.
* p-p result consistent with pQCD direct y calc.

* In AuAu, a large photon excess above expected background
IS observed in central events — a very significant direct photon
signal!

* In central 20%, direct y dominate decay y above ~7 GeV/c
e This signal gets stronger with increasing centrality.

e This behawor IS consistent with the measured suppression of
the n® along with an unsuppressed, binary scaled pQCD
p-p prediction.

* Binary scaling holds, even at AuAu values of NColl

« With apparent continued =° suppression, direct y's will be an
excellent control complement to study very high p+
suppression in current Run4!
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Backup: Rcp for Eta, PIO
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