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Motivation

« The parton model has been extremely successful, but has treated parton
“quasi-free” in high energy limit.

* Naively, partons are expected to be strongly entangled inside of proton

High energy DIS only
probes a localized region A

<

Parton distribution function (PDF)
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Major questions:

» “Quasi-free” and incoh. partons picture holds to what extend?
> |s there an entanglement entropy in DIS in terms of PDF?
» How does it relate to final-state observables?



Entanglement in DIS

(Phys. Rev. D 95, 114008)

* |t has been proposed that in low x and large
rapidity DIS events, the von Neumann entropy of
localized region A,

S(x) = —tr(paIn{ps}]~InixG (x)}

where xG (x) is the gluon PDF, e.g., average number
of gluons at a given x
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Data and MC

« Data sample:
* Low energy run: 27.5 GeV electron on 460 GeV proton
* Year: 2007, run# = 500927-507824
« Statistics: total ~10 pb-1, 150M events

MC sample:
« DJANGO14 2007 _LOWE, low energy runs
« ~16M events

. Trlggers
« Subtrigger 1:

» electron with E>10 GeV anywhere in SpaCal (huge prescale)
« Subtrigger O:

» electron with E>7 GeV and R>20 cm in SpaCal (large prescale)
« Subtrigger 2:

» electron with E>10 GeV and R>20 cm in SpaCal (small prescale)
« Subtrigger 3:

» electron with E>10 GeV and R>30 cm in SpaCal (no prescale)
« Subtrigger 61:

» electron with E>10 GeV anywhere in SpaCal, and central track
with pt>400 MeV (no prescale)



Event selections and weights

« Triggers (s0,s1,s2,s3,s61)
« Proper weights account for different prescales are calculated
 ~(1-1./prescale)
« ~12M events left after trigger selections
* Vertex Z position
* Nominal vertex |vz| < 30

« Shifted vertex |vz+70| < 30 (gain acceptance for FST tracks)

« Kinematics:

« 0.05<y<0.6

« 2<Q2<100, with 4 bins
(2,5,10,15,100). Detail
investigation of very low Q2
events, maybe not feasible
below 5.

« For whatever available x :
range up to 10E-3 — 10E-2. o)
(~ 5 bins)
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Data and MC comparison

h_vixZ h_yREC
10_1 T T T T T T T T T T T |8| T T T 11 T T 1 Ent”es18790498+07 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT | T Enmes1751167e+07

E [ ]

E A Mean 3.556 Mean 0.4548
1072:5 J © RMS - 2009 4573 AMS 0.1451
10°E = I

= E 1074
107% =5 -
10°5e & 1 10°E

C @ 1076 =
1077 5l -
10°8 107

b v b b b b b bl :ll|||||||||||||||||||||||||||||||
-200 -150 -100 -50 0 50 100 150 200 0O 01 02 03 04 05 0.6

vixZ (cm)

Discrepancy due to triggers? Vertex reweight for the MC?



Data and MC comparison single track
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Data and MC comparison single track
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Data and MC comparison shifted vertex
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With FST tracks, marginal gain?
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Track selections and performance

Optimized selections [against eff*(1-fak)]

Central tracks:
Q2>5&& Q2 <100 && y > 0.1 && y < 0.6 with nominal vertices

The best track selection now is the following:

chi2znTrackCut < 10.0;

chi2nVixCut < 7.0;

fabs(dcaCut) < 5.0;

nHits > 10, but is found to be not sensitive

track lengths > 2., found not sensitive

pT > 200 MeV for both FST and cent tracks. For FST tracks, only 1. has been
applied where other cut variables are not available for FST tracks.

S ol

FST tracks:
Q2>5&& Q2<100 &&y > 0.1 && y < 0.6 with shifted vertices (70cm)

The best track selection now is the following:
chi2nTrackCut<10.0;
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Track performance
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Tracking Efficiency

Track performance
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Tracking Efficiency

Track performance

ep 27.5x460 GeV H1 10 ep 27.5x460 GeV H1
T T T ‘ | T E T T T ‘ | T 3
- . Vic ]
B pT >0.2 GeVic H1 tracks Q2>5.00, 0.10<y<0.60 N C pT >0.2Ge H1 tracks Q2>5.00, 0.10<y<0.60 ]
| Iv +0I<30 cm - Sz:t:tr;gziﬂ . | - Iv,+0I<30 cm e cent(type=1) notmatched -
| ® FST(type=4) matched | B ® FST(type=4) not matched I
1 —
1 F E
I .0 08000 0.0 ] Q - ]
g S = 4

i o _ —
1L _
I e ] g 10 ady SPRGY SRR SU N } 3
- i m u Lo @ Mﬁ.ﬁ : . .
LL i e 0-0r0 00
= e
05 — @ ] L @ i
B 7] -2 [l _|
] 1 102 | . :
FQ** L n
I~ i @ i : @ :
o ad » e -
~ & @~ *ﬁ P 1 0—3 [ I \ |
) 0 2 —2 0 2
*
*
n n

FST tracks with nominal vertex, some target regions

15



1/eff*(1-fak) factors
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Tracking Efficiency
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Tracking Efficiency

FST tracks efficiency and fake (~phi)
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Tracking Efficiency

y dependence on tracks
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Tracking Efficiency

y dependence on tracks
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Tracking Efficiency

y dependence on tracks
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Tracking Efficiency
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Raw data without corrections
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Raw data without corrections
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DJANGO14 MC True
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DJANGO14 MC RECO
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Summary and plans

« Analysis seems reasonable for measurement in the current region.
Target regions are still limited by acceptance. From physics point of
view (EE), acceptance is the key.

« Overall: drop events with shifted vertex? Seems not worth it.

1.

2.

3.

Option 1: Current region only with full correction within our
pseudorapidity window ( 0 < eta* <4 );

Option 2: Combine current and a little bit of target region with full
correction (-2 < eta® < 4);

Option 3: Option 1 + target region (-2 < eta® 0) but need to fully
correct to at least 4 unit in eta* (-4 < eta* < 0), will be model
dependent.

What's next?

Finalize kinematic regions in Q2 and x, e.g., drop Q2 (2,5)?
Unfolding

Need Trigger bias or trigger efficiency estimates

No need for overall normalization, e.g., luminosity, only self
normalization.



