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Abstract of Thesis

The mechanism of high T, superconductors is a mystery and a central problem of solid state physics. This research
is to answer some puzzles in electronic Raman scattering and ARPES data, amd I hope that it is helpful in the
study of the mecharism Whal are the puzzles? As vou may know, superconduciivity appears in a T, dome. Im Raman
data, the B, peak appears and develops in the superconducting state. However, the B), peak energy does not follow
the T, dome; it increases with underdoping. So the question is: whal is the By, peak? Does it relate to the pseudogap

a strange state which usually observed in the norma! state of cuprates of underdoped samples? Ia ARPES data,
there is a deviation Irom #wave pairing in the antinodal region, which can be caused by pseudogap. By underdoping

the antinodal gap also increases as the By, peak energy, and this behavior is also observed for ARPES pseudogap
in the normal state. Therefore, the question is: what is ARPES antinodzl gap? Does it relate to the pseudogap?
ARPES is a single-particle method whereas Raman is a two-particle methed. If we measure for the same object,
the results obtained from these two methods should be consistent. However, Raman B, gap seems smaller than ARPES
antinodal gap, which probe the electronic structure in the antinodal region. [s this difierence intrinsic?

Besides, understanding of Raman spectra from calculation models is not fully clear and not consistent with ARPES
data. We need a unified picture to understand Raman and ARPES data.

In this study, the approach is as follows. We measure Raman spectra and ARPES for Bi,Sr,Calu,0,; single crystals
on the same sample or samples from the same batch al temperature well below T, After that, from ARPES experimental
data, we calculate Raman spectra. The calculated spectra then are compared to the experimental ones. Single
¢rystals with different carrier doping levels, from underdoped {Tc = 75K) to overdoped (Tc = 85K). were studied.
From the obtained results, we try to understand the electronic state of high-T, superconductivity and answer
the questions. This approach is the [irst {rial im the world!

Some conclusions were obtained from this study. Electronic Raman spectra were well reproduced from ARPES data
using Kubo formula, on whole Brillouwin zome, with Shirley backsground subtraction and with k-dependence of
intensity profile of the spectral function. The calculated spectra are more realistic than the ones from a
well-known theory so called kinetic theorv. This means that Raman and ARPES can be understood with the same gap
profile. Namely, the nodal slope of gap profiles is independent {or a wide range of doping levels. What we know
{rom the result is that Raman B,, and ARPES antinodal gap are alfected by pseudogap. Raman By, gap is affecled
moderately whereas ARPES antinodal gap is affected strongly. It means that the pseudogap coexists with the
superconductivity éven at low temperature and there is competition between them in the antinodal region. From
the resulis we also know that the antinodal region gets more spectral weight and contributes to superconductivity
with doping. This doping dependence of spectral weight in the antinodal regionm is an interesting result that
cannot be obtained solely by ARPES but by comparing Raman and ARPES.




BT
M EBEEOBROERROELE

K % ( Nguyen Trung Hieu )

) K %
* & gz HE 7
WIFERLE | @& iz WA HER
Al % #i% AR H—
IS el R M
S el e T

MEEOEROES

AFRSCIT. LD RIEBEEEFRICB N TRERBL R TV S [ 2HBAOHEEBEEX v v 23 ¥F— ) OREIZ,
T U HELS N EREBFANO S SOGNTFEL DRV EATEHEREREE LD LD TH S,

R IBEEROBRER v v /1T, EEHE R ERICBOTRFNTH B, & KFEENETE 5 ZBRPHER
PR E TS, 7w AL I L AESIEEET S (ARPES) 11, EORFMLRZSOFHETH D, L LARNEL,
EHEOBBBEEST LB ULEBFEGREZELT, 8 TROBREXy v 7] 205, WERITHREL TR,
T, ARECRA—RKREFAVCHEIOSHRAEETV, ThELET 2L THEOT—FHOFEREHEL Z L &R
iz, [FEMCHE, ARPES MEBRT—F b7 v HELARY MEFHETEI T THEN, INETEREX vy v 7
BRI DWW ED L ) RRLOHEIL R T,

Nguyen Trung Hieu Bk, B &AL L7 BiSrCaCuls, BIZEEAOBER L AT, FROX v 7EREICSNTI<
VHELA ALY kL& ARPES ORIEERITV, BH EHE L, MBS ST o T, AEFBEPET VCBELTRO L 3 RTER
T, Bk L, DARAREAWEZE, i) 72 3@ EFT TR TIAT VY ko F s # RNt o
&, i11)ARPES DR2Z MAMBAy Y ¥ T FEELB|W=Z L, iv)ARPES ¥ —4# @ Matrix Element #hH % ER L7
Tk, TOEFARHREICE T, ARPES DEBT —F & T, BfftL B0 7 = /IR PAOFETHE, %
¥ U 7RBERKGEL SO TIKERTED Z L EbhoT,

L BOERMLUTOERP SN, OBER F—7HETHE, 33 T0Z7 2 IEOEFFEEEX v v IuHE
TBHB, KR F—THE TR — FIHEO—#O7 = A TELAFE LRV, @/ — FHEEOF ¥ » 7O K E 3 LKF
ML, Fv D TRECKFET - ETHY ., BEEEFEEZNET S EER T, BEELFSTD 7 = I HOEHE
Thbd, @7 T/ — FEEOBEEF ¥ v 7L, ARPES THLZ v HELTH, FELEX v v 7YORBESITCRBY,
EOBGREX v v 7H IR L TR, X vy 7OFEL, RPESOFET v BELL Y KREN,

PLEORBERIT, SR hoREEFELIEETIICHTY, HiEEXy v REX Yy » L ZEREZID LS55
BRBETREZEZETILERHDILERLTEY, BEEA D ALERICKRE{ERTD>LOTHD, £, 7+
RELAALS PABREO L S REFTHRES T DA, L FEAELNEALE FEITE 5,

L oT, FRiEEL (EE) OFMBRXE LTHalEHS LD LED B,




