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Motivation

Di-photon production:

= Search for new phenomena

= Search for Higgs boson

MH>114.4 GeV (LEP)

Exclusion MH = 163-166GeV
(Tevatron Run Il
preliminary)

Contributes to the Tevatron
combination in the difficult
intermediate mass region
(110-140GeV)

Golden channel at LHC
(MH<150 GeV)

Xuebing Bu

BR for SM Higas

Fill the gap !

O

-
arE= —
T LR
=
-

-7
-

100 200 500 100
Higgs Mass  (GeV)



SM Higgs—yy search

{ D@ Note 5858-CONF (2009)
Phys. Rev. Lett. 102, 231801 (2009)
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H— yy

e Model-independent approach: g

— Examine the inclusive di-

photon dataset (yy+X) to search g

for the high mass resonances

— SM Higgs 1s used as a possible
model:

e Gluon fusion (ggH)

e Associated production
(VH)

e Vector boson fusion (VBF)
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Photon identification

Tracking Electromagnetic Hadron Muon
__chamber __calorimeter _calorimeter _chamber
photons {i | |
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Reconstruct EM cluster

* Central photons (-1.1<n< 0ACie. Center of Graviy
1.1) are selected from EM G
clusters (reconstructed within  2¢ie \ ™=
R=0.2 cone): \ :
7~ Most energy in EM calorimeter: \ / FH+CH

EM energy fraction > 97%. \ il .
\
- Isolated in the calorimeter: “\.\ _
£ ™ El[][.;“ir< 150<0.07. ElsaTor = § .-" \ F 14 E"ﬂ
- Isolated in the ttrrakcker: ks o i)
Z0.0S<dR<O.4 pr <2 GeV ; 'I_ o, CPS
\—- Shower width in the third-EM 150 = :.f'/' ] .__'_l._'___._-lllf interaction point

layer is consistent with the EM.

- Difference between data and MC
simulation is calibrated with using
Z—ee events.
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Separate y and jet

e To suppress the jets mis-identified as
photons

— Training samples: vy and jet MC

— Testing samples: / — ee data&MC,
Z—ll+y(l=e,u) data

— Input variables:

03/2009

# of EM1 cells in R<0.2

# of EM1 cells in 0.2<R<0.4
Tracker 1solation

# of CPS clusters in R<0.1

Energy-squared-weighted width of the
energy deposited in CPS
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Photon candidatess:

~98% efficiency for photons.
~50% reduction for jets



 To suppress the electrons
mis-identified as photons

e ~ 0%
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Separate y and electron

EM

No-spatially well-matched
track;

No pattern of hits in the tracker
in a road around the EM cluster
consistent with electron.

>
efficiency loss mainly due to S
~6% conversion rate estimated =
from MC(1)

Difference between data and 102}
Monte Carlo simulation is ;
calibrated with using
Z-ll+y(l=e, ) o
events. 10°

(1) X. Bu, L. Han, Y. Liu, H. Yin, et al M, [GeV]
“Search for Scalar Neutrino Superpartners in e+u Final States”
Phys. Rev. Lett. 100, 241803 (2008)
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Event selection

| w15 calorimeter only di-em trig

==

ger CC-CC effi

ey
[ S A

- n  F
* Select two photons with pT>25 GeV 2 oo
$ -
. £ %
* Di-photon mass Myy>60 GeV A o
S preliminary
e Trigger efficiency: ~100% o H
®  0g75
T L T T I T E—
di-em invariant mass (GeV)
— Signal efficiency (~20%) 1s dominant by the
geometrical acceptance, and independent of
production mechanism.

100 GeV 110 GeV 120 GeV 130 GeV 140 GeV 150 GeV
cecl (2] |0.195E0.001|0.200F0.001 |0.207 £0.001 |0.213£0.001 |0.216£0.001 [0.219£0.001
€t (V) |0.18520.001]0.19520.001|0.203£0.001 |0.209£0.001 |0.218£0.001 |0.219£0.001
€.l (VBE) _ |0.198%0,001 [0.211%0.001|0.21840.001 |0.226£0.001 |0.233%£0.001 |0,235%0,001
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Backgrounds

* Reducible background q

- Z/y* — ee, both electrons
are misidentified as photons,
estimated with Geant MC. a

— Non-yy ( yHjet,jet+jet), when E
the jet(s) 1s(are) misidentified g
as photon(s), estimated from
data.

e Irreducible background — :>mw
direct yy
a__
q
—

— estimated from data
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4 X4 Matrix Method

* Using ONN=0.75 as a boundary to separate the
events to 4 categories:

- Npp: both pass the ONN>0.75
- Npf: first passes, second failes

— Nfp: vice-versa N
, g -, D@,4.215' preliminary
- Nff: both fail g |
o Zolley {l = e,n) data |
—direct?wMCu +

W o3

0.25 |

02!

0.15) |

01!

!

1
01 02 03 04 05 06 07 08 09 1
ONNS
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Ejl ’ Ej2 are jet ONN>0.75 efficiencies.

Eyl , Eyzare photon ONN>0.75 efficiencies.

\ 4 \

((1 —61)(1 —€2) (1 —€1)(1 —€2) (1 —€y1)(1 —€j2) (1 —ey1)(1— Eﬂﬁ))

(1 —€j1)€j2 (1 — Ejljf.}.? (1 —€ey1)€j2 (1-— E.}.ljf.}.?
Ejl(l —Ejg) Ejl(l —Er}.gj E,}.l[]_—!:'j;g) E.}.l(l —E-}.QJ
€51€452 €i1€~2 €E~1€;52 €E41€E~2

Total 7939
Total - Npy T722.7
N~ 4538.8 + 144.7| == Includes potential signal.
Nyj 4+ Nj, |2189.0 £ 170.3
N 994.9 £+ 106.6
non--y-y 3183.9 £ 200.9

The quoted uncertainties are statistical only.
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Events/s GeV

Non-yy (ytjet, jet+jet) background

> Shape from reversing the ONN cut (0.1) for one photon candidate.

> Normalization to the number of events from 4X4 matrix method.

25_
- PR - D@, 4.2 b preliminary
ot D&, 4.2 fb' preliminary o 4+ 4 matix -
=g 200
B - n
o —=—anti O cut B
oL A NN a5 | %2/ ndf = 22,09/ 32
10 3 5
3%?$¢ iE L
ﬂq}fﬁ% 4+ : £ i [ |Prob 0.905
RatIO EE1l2.'l_—
10E .3 41} - 41}4}{} C | p0 0.9823 +0.0471 1
: w1 i st + *
i T - S _L—I—|JH' JF | Jr
E A e LA M
R R R RS B I PR PR RPN I 6 B0 J00 126 140 60 80 200 220 240
80 80 100 120 140 160 180 200

M,, (GeV)
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Direct yy production (DDP) — irreducible
baCkground P TP e

M EM@E

——L U

(b)

e Challenge to model by

R

theoretical prediction so far, ] fz e
each generator has its own 0 fragmentation
defiCit Lm&ll 1{\{ WL !Tfu ﬂn.h ¥
%
— Pythla (h) (i) ()
- Resbos e
- Diphox o0
« However, in the high mass —resbos
region (Myy>50GeV), Myy :g;ﬂ::
spectrum agrees reasonably 3 F
very well between diphox and S0t
resbos. 8 f

4| 11 | 11 1 L1 | 11 1 11 1 11 | 11 1 11 1
1" "60 80 100 120 140 160 180 200 220
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Direct yy production (DDP) — irreducible
background

 DDP background is
estimated from data with
using side-band fitting after o e

subtraction of the reducible S\f;e“miary -
background i

'y
[=}
&)

pl -0.05483 1 0.01040

%}% p2 9844+ 0581

- avoid ~20% uncertainty on the
theory cross section

- Fitting range: [70,200]GeV,
with excluding the +15GeV e

nEvents/5 GeV
=
T II|
o

Signal regionS. B T (R - T
M, (GeV)
- Validate the shape from the full
pythia MC after reweighting to

diphox at generator level.
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systematic uncertainties

Trigger

Photon ID efficiency 2.9

Photon energy scale shape(0.06)
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Event yield

Good agreement between data and SM background prediction:

100 GeV 110 GeV 120 GeV 130 GeV 140 GeV 150 GeV
Ljye — ee 134427 h3+12 17+5 0+3 542 312
~i+ii T124+102 455465 200443 202429 140420 100+14
QUD ~~ 108096 764462 H39+41 404428 280+19 207+14
total background| 1926435 1272421 855114 B15310 42547 31045
data 2029 1289 S61 H6T 412 205
signal 2.53+0.18 | 2.53x0.18 | 2.38+0.17 | 2.01+0.14 1.454+0.10 | 0.87x0.06
L D@, 4.2 16" preliminary "} D@, 4.2 1" preliminary - DO, 4.2 15" preliminary
300 f —=data 100~ ——data = —*—data
50— o background C o background § @ b_ackground
E - —i_ + ..... sign:}b(SO {M,=100GeV) E 8°$% ..... signa?leO {M,=130GeV) E 4°: R signab<50 {M, =150GeV}
5200 4 S 1A 2 s +
‘3‘150_— % C + il E C
"%1005— _$_+_¢__i_—$— L%J - +$%$+ @ "% 20;_ ++ ‘+V+‘+7 | + 4+7
502— B 20:_ ELTTTE N S _+__+__+_ 10; FCLE LR + %
‘éi ' < 9r51(|)o 1(;5 1-;0 15 lI"I:"_" 12‘10 --------- 1 I25 '13|0' — '145‘ 1401 145 ’rhzs 1:10 ----- 1 :Ils — '15|o' ' '15|5' 16r0r ------- 165
M,, (GeV) M., (GeV) M,, {GeV)
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Results: SM Higgs

e 95% C.L. limits

03/2009

Use diphoton mass spectrum.
Almost mass independent.

Contributes ~5% for 115<Mn<130 GeV in the D@ SM Higgs combination.
Improved ~20% by comparison with the 2.7fb_1 published results (2)

gu§ D@, 4.2 {5 preliminary
80—
=l = — Observed Limit
n:b 2 o Expected Limit
| > 8o [ |Expected Limit+1¢
x |2 sgb [ Expected Limit £ 2 ¢
ol L' =
. | 40
© 305—
= =
& 2:F
10
E . | I I | |

0

110 120 130 140 150

SM Higgs mass (GeV)

100

(2) X. Bu, L. Han, Y. Liu, et al
“Search for Resonant Diphoton Production with the DG Detector’
Phys. Rev. Lett. 102, 231801 (2009)
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Direct Photon Pair production
differential cross section
measurement

— arXiv:hep-ph/1002:4917,
submitted to Phys. Lett. B
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20



1D differential X-sections

d_O_ Ndata_ kag
dX L-Acc-€

€

trigger Cosel’

&> data vs. , diphox and pythia
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1D differentail X-sections

d O Ndata_ kag

a’7 L-Acc-€ € A

trigger — sel

data vs. resbos, diphox and pythia
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1D differential X-sections

- D@, 4.2 fb™ (a)
C# * data

| RESBOS
— DIPHOX

---PYTHIA
PDF uncert.
--- gcale uncert.
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1D differential X-sections

Adp (rad)
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do/dM,, (p_I?IGeV)
N 2

-
Q
¢

1.5

Ratio to RESBOS
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1D differential X-e~ct’

First 2D X-sections

DO, 4.2 1b” measurement at Tevatron ! (b)
B * data

Mo e

— 30 GeV < M, < 50GeV

50 GeV < M, < 80GeV

3 80 GeV < M, < 350 Gel |

-
----------------------------------

-----------

50 100 150 200 250 300 350
M,, (GeV)

4=
Vg
Ratio to RESB
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2D differential X-sections

d°o
dM ,.-dpr’

S  [po a2 (a)
g . 80 GeV < M,, < 350 GeV
a2 . _f\{ * data
= JO7E % RESBOS
s EF ™ 3 — DIPHOX
= \ - PYTHIA
= - PDF uncert.
PP N - scale uncert.
10 2 H“xh t
1!:!'& I TN T PP S P P T BT B
2 f&i;__i"ii_--l =
o 057 e .
£ 01020 '9::}' 'élr:':-' 597667768080 '100
p; (GeV)
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d%/dM,,dAo_ (pb/GeVirad)

Ratio to RESBOS

i

d’o

aM , -d Ao,

- D@, 4.2 tb™! (b)
L 80 GeV < M, < 350 GeV
102 Vi
- E
10°%E /
E E _,-"')-:éiI
1n-4r|_ P 1 P 1 P P
3- I
2.5 /A
2r Ia"f N
1.5 do
1 } 'Ez’
0.5— T »”’3
1. E . B 2 2. 2 2, 4 2 E 2 B 3
Ao (rad]l
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2 1
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Conclusion |

» Photon(electron) identification

> Develop several brand-new electron and photon reconstruction variables
with using artificial neural network, which are proved to be well modeled
by the Monte Carlo simulation, and extensively used since then.

> Totally redesign the DQ electron and photon reconstruction to cope with the
high luminosity..

» SM Higgs search

~1
> 2.7 fb results has been published in PRL 102 231801 (2009), which
represents the first kind of search at Tevatron.

> 42 b preliminary results

» Contributes significantly to the D@ SM Higgs combination in the
intermediate mass region ( 115 < MH < 130 GeV).

e Almost mass independent.
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Conclusion Il

> Direct Photon Pair differential cross section measurement

- Represents the first kind of measurement at DJ, especially the first double
differential ones at Tevatron.

> The results show that none of considered theoretical predictions is able to
describe the data in all kinematic regions, and also show the necessity
of including higher order corrections beyond NLO as well as the
resummation to all orders of soft and collinear initial state gluons.

> Submitted to Phys. Lett. B (arXiv:hep-ph/1002:4918)
o _ Resbos: gg->H->WW

10 . g
PYTHIA 6.4, CTEQ6.1L (arXiv:0909.2305) :
g 03F i 160Gev o 170 GeV ]
/|\025:_¢ 1[} \ :lﬂ e ¥ ?:
SR y 1 FN ]
s F . 10 * =10° -
015 3 3
5 0.4 - 10° =10 -
E C —— = =
I 0,051 N
0_|I ...........................
50 100 150 200 250 3%93)50 0 0 50 100 150 200 0 50 100 150 200
M, Q; (GeV) Q; (GeV)
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Previous Tevatron results
- CDF 207 pb ™ '(PRL 95, 022003 (2005))

=k
(=]
I T TTTT

I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I =

1E S L
- _ £ TF Ef>14GeV,E”> 13 Gev
— -~ — -
T TS = [ <009
%- - 30 40 50| -1
0} 2 1E
S E s
e F -
: y " : . oo
% IIETT11}2|14(:;§"J’ET >13 GeV - e T T T S
*-_g- . mn < U Ad,, (rad)
105_ 1 = B B B L B B L LN L IR BRI O
o | . < .
-I L1 I-"I-I L1l 1 1l I Ll 1 1 III Ll I L 1. 1l I L1l 1 1l I Ll 1 1 L L 1 1 I L1l 1 1l I_ — 1 o _I' y 5 A ¢yy 0.5 —
10 20 30 40 50 60, 70 80 90 100 0 N ;
M, (GeV/c’) > N
| 2
: 3
Resbos: dashed line R
. _ o g F |
:)lphOX. solid line S [ E'-14GeV,E’>13GeV .
. . w02l M"21<0.9 .
Pythia: dot-dashed line
0 5 10 15 20
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Validate jet ANN > 0.6 efficiency from data

# of tracks in cone 0.05

1
ke + v data =
T ¥ 0_9;—_.3_—‘3——'3— =
L —Y MC ==
08 0.8F
c jet MC O_Ti— +
08 = — T
K A 70.05 0 o | T
04— =
B trks o4E oy MC
02— o.aé— —=— emijet data
R 02" —=— emijet MC
- . : 01
o— -+ . - =
0IIII0|5IIII1|IIII1|5IIII2|IIII2|5IIII3IIIII3|5IIII!4IIII4|5IIII5 : I |||||||| I I|||||||||||||I|||||||||
- - - - L %% 20 40 50 60 70 80 9 100 110 120
# of tracks in cone 0.05 E, (GeV)

-k

7
7

- -
E o8 m—_i_n_o_o_—o—o—+—o=o—_o_¢_—¢—¢— —4
E oaf— Rinans -
I Ee + i +=4
= o= + . . :
OTE ot g #Aﬂ: ?;H; +¢ Conservatively, we assign 10% uncertainty.
0.5:— 4LJ|]7 ‘%"
T
- —a— p20 QCD vy MC
0.4:—
03F —e— p20 emijet data
02- _
= —=— p2D emjet MC
0.1
% 001 002 ‘003 004 005 006 007 008 009 0.1

isof)
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CL Limits calculation

e (85+b;). (S:' +b; }di
Q' . d;!
! e—bi -E:-:-i""
d;!

F

) (7.15)

= e " (1+
where s; and b; are the numbers of signal and background events per bin of invariant
mass distribution; and d; is the number of selected events per bin in data. Poisson
sampling is performed for d; in each bin with the poisson mean set to b; and s; + b;
respectively for the “background-only” and “signal+ background” hypotheses. And the
likelihood ratio is computed as

Q= 1] @ (7.16)

all bins

Probability distribution function (p.d.f) of the -2In() variable under the background-
only and signal+background hypotheses can be obtained from the Poisson sampling.

03/2009 Xuebing Bu
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 — S+BLLR

 — B-Only LLR

=] =
o e o
] = @
a @ a

= Observed LLR

Probability Density

0.02 ' .................. ..................... .....................
0.015 — .................... ..................... .....................
0.01 .................... ..................... .....................

0.005 ............... T .....................

where the two histograms are the p.d.f of the -2In(Q) statistic under background-only
hypothesis and signal+background hypothesis and the vertical line stands for the value
of data. The integral of the signal+background (background-only) p.d.f from the vertical
data line to +oc is called C'Lgyp (C'Ly). If C'Lgyp <0.05, exclusion can be claimed at
95% C.L. A more conservative exclusion estimator is defined in place of C'L,,;, as

. CLS—I—b
CLs = C'Ly

03/2009 Xuebing Bu
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tag EM

Xuebing Bu

probe EM
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First active layer \

liquid argon Solenoidal Magnet 0.9 }

Wq—fﬁ = 1 T
sl M=====C] |
1 XD In H : "ﬁ ”I
between|! y—— L =

' —
Interaction ! :
int v *
e Central Preshower |
Detector | Tracker
0.3 X plus 1X, of lead

|
03/2009 Xuebing Bu

| Central Calorimeter

Central Fiber Tracker

Intercryostat
Detector

L |

L L LB S T
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